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UNIT OBJECTIVE

After completion of this unit, students should be able to list the important plant processes.  Students should be able to illustrate the process of photosynthesis and select from a list factors that effect photosynthetic rate.  Students should be able to illustrate the process of respiration and identify processes as being characteristic of respiration or photosynthesis.  Students should also be able to briefly explain the processes of absorption and transpiration.  This knowledge will be demonstrated by completion of an assignment sheet, laboratory exercises and a unit test with a minimum of 85 percent accuracy.

SPECIFIC OBJECTIVES AND COMPETENCIES

After completion of this unit, the student should be able to:

1.
Match terms associated with basic plant processes to the correct definition.

2.
Name the four important plant processes in food manufacture and growth.

3.
Explain why photosynthesis is an important process.

4.
Explain the process of photosynthesis.

5.
List five factors that affect photosynthetic rate.

6.
Explain the process of respiration.

7.
Classify characteristics as that of photosynthesis or respiration.

8.
Match ways nutrients and water are absorbed by the plant to the correct definition.

9.
Explain the process of absorption by plant roots.

10.
Explain the process of transpiration.

11.
List five factors affecting water loss by transpiration.

12.
Explain osmosis.

13.
Measure loss from transpiration.

14.
Measure rates of photosynthesis in different environments.

15.
Study water movement through plants.
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SUGGESTED ACTIVITIES

I.
Suggested activities for instructor

A.
Order materials to supplement unit.

1.
Films, slideshows, etc.

a.
Photosynthesis and Respiration, VHS video; available from Vocational Education Productions, California Polytechnic State University, San Luis Obispo, California 93407  (1-800-235-4146); approximate cost $99.95; order no. 6-083-107J.

b.
Plant Movement and Transport, VHS video; discusses the xylem and phloem, osmosis and transpiration; available from Vocational Education Productions, California Polytechnic State University, San Luis Obispo, California 93407  (1-800-235-4146); approximate cost $99.95; order no. 6-083-108J.

c.
Principles of Plant Growth, 24 color slide set; discusses photosynthesis, plant tissues, mineral and nutrient uptake, plant cell anatomy and root system; available from Vocational Education Productions, California Polytechnic State University, San Luis Obispo, California 93407  (1-800-235-4146); approximate cost $32.95; order no. 1-580-603J.

B.
Make transparencies and necessary copies of material.

C.
Provide students with objective sheet and discuss.

D.
Provide students with information and assignment sheets and laboratory exercises.

E.
Discuss unit and specific objectives.

F.
Discuss information and assignment sheets.

G.
Demonstrate and discuss laboratory exercises.

H.
Review and give test.

I.
Reteach and retest if necessary.

II.
Instructional materials

A.
Objective sheet

B.
Suggested activities

C.
Information sheet

D.
Transparency masters

1.
TM 1--Important Plant Processes

2.
TM 2--Importance of Photosynthesis

3.
TM 3--Photosynthesis

4.
TM 4--Photosynthesis and Respiration in Relation to Dry Weight

5.
TM 5--Absorption

6.
TM 6--Transpiration

7.
TM 7--Root Hairs, Soil Particles and Moisture

8.
TM 8--How a Water Solution From the Soil Moves Within a Root

9.
TM 9--Osmosis

E.
Assignment sheet

1.
AS 1--Light in Relation to Increase in Dry Weight

F.
Instructor notes for laboratory exercises

G.
Laboratory exercises

1.
LE 1--Measuring Loss From Transpiration

2.
LE 2--Measuring Rates of Photosynthesis in Different Environments

3.
LE 3--Water Movement Through Plants

H.
Answers to laboratory exercises

I.
Test

J.
Answers to test

III.
Unit references

A.
Delorit, R.J., et al., Crop Production, 5th edition, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1984.

B.
Fridline, C.R., Plant Growth and Development,  Ohio State University, Ohio Agricultural Education Curriculum Materials Service, Columbus, Ohio, 1980.

C.
Hartmann, Hudson, T., et al., Plant Science - Growth, Development, and Utilization of Cultivated Plants, 2nd edition, Prentice-Hall, Inc., Englewood Cliffs, New Jersey, 1988.

D.
Janick, J., et al., Plant Science, 2nd edition, W.H. Freeman and Co.,  San Francisco, California, 1974.

E.
Otto, James H., Towle, Albert, Modern Biology, Holt, Rinehart and Winston, Publishers, New York, 1985.

F.
Raven, P.H., et al., Biology of Plants, 3rd edition, Worth Publishers, Inc., 1981.

G.
Slesnick, Irwin L., et al., Biology, Scott, Foresman and Company, Glenview, Illinois, 1985.
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INFORMATION SHEET

I. Terms and definitions

A. 
Photosynthesis--The process of making sugars in green plants from water 

and carbon dioxide in the presence of sunlight

B.
Respiration--The process of using the stored foods of a plant in which energy is obtained or released

C.
Transpiration--The evaporation of water vapor from the stoma on the leaves of a plant

D.
Absorption--The taking in of water and mineral nutrients through the roots of a plant

E.
Stoma--A small opening in the epidermis of leaves and stems through which gases pass

F.
Mesophyll--The photosynthetic tissue of a leaf; located between the layers of epidermis

G.
Chlorophyll--The green pigment of plant cells; necessary for photosynthesis

H.
Chloroplast--A cellular organelle in which chlorophyll is contained; site of photosynthesis

I.
Phloem--Food conducting tissue of plants

J.
Root hairs--Outgrowths of the epidermal cells of the root; greatly increase absorption area of the root system

K.
Permeable membrane--A membrane through which liquid substances may diffuse, such as the plasma membrane of root hair cells

L.
Epidermis--The outermost layer of cells of the leaf and of young stems and roots

M.
Cortex--Cells of a stem or root bound externally by the epidermis and internally by the vascular system

N.
Xylem--Tissue through which most of the water and minerals of a plant are conducted

II.
Important plant processes in food manufacture and growth  (Transparency 1)

A.
Photosynthesis

B.
Respiration

C.
Transpiration

D.
Absorption

III.
Reasons photosynthesis is the most important process in the world  (Transparency 2)

A.
Plants produce food by photosynthesis

B.
Plants produce food used directly by man

C.
Plants produce food used indirectly by man through meat and milk produced by livestock

(Note:  Green plants, through the process of photosynthesis, are the basic factories of the world, on which all life is dependent.  A corn plant produces about 5 grams of sugar during 14 hours of sunlight.  During a 100-day period, a 20-acre field of corn with 20,000 plants per acre could produce two and one-half tons of sugar.  An estimated 150 billion tons of sugar are produced by plants each year by photosynthesis.  This would be a pile of sugar 40 miles square at the base and 2 miles high at the peak.)

IV.
Process of photosynthesis  (Transparency 3)

A.
Carbon dioxide (CO2) enters the leaf from the surrounding air through the stoma

(Note:  After CO2 enters the stoma, it enters the intercellular spaces of the mesophyll tissue.  Here it comes in contact with the wet walls of the mesophyll cells.  The CO2 dissolves in the water of the mesophyll cells.)

B.
Water moves from the soil into the root, stems and leaves through the xylem tissue

C.
The molecules of water (H2O) and carbon dioxide (CO2) are synthesized (put together) in the chlorophyll of a plant with energy from sunlight

D.
The end result is the formation of sugar which is transported by the phloem tissue to the part of the plant where it is used

(Note:  The process can be illustrated by the chemical equation which is written:  6 parts carbon dioxide (6 CO2) + 6 parts water (6 H2O) + 672 K. cal of radiant energy (sunlight) in the presence of chlorophyll of plants = sugar (C6H12O6) retained by the plant + oxygen (6 O2) given off into the atmosphere.)

V.
Factors that effect photosynthetic rate

A.
Water supply

B.
Temperature

C.
Light quality

D.
Light intensity

E.
Deficiency of certain plant nutrients

VI.
Process of respiration

(Note:  As with all living things, plants require energy to carry out their growth and development process.  This energy comes from a very complex process called respiration.  In a sense, respiration in plants is the reverse of photosynthesis as sugar is broken down to produce energy.)

A.
Sugar is broken down to produce energy for essential plant functions

B.
Respiration consumes oxygen (O2) and glucose (C6H12O6)

C.
Respiration gives off carbon dioxide (CO2) and water (H20)

(Note:  The process can be illustrated by the chemical equation which is written:  Sugar (C6H12O6) + 6 parts oxygen (6 O2) = 6 parts carbon dioxide (6 CO2) + 6 parts water (6 H2O).)

VII.
Relationship between photosynthesis and respiration  (Transparency 4)

Photosynthesis
Respiration
1.
A building process (+)
1.
A destruction process (-)

2.
Sugars manufactured
2.
Sugars consumed

3.
CO2 is consumed
3.
CO2 is given off

4.
Oxygen is given off
4.
Oxygen is consumed

5.
Requires light
5.
Goes on day and night

6.
Only takes place in cells
6.
Carried on in all cells

containing chlorophyll

7.
Sugar (C6H12O6) is
7.
Energy produced for plant

the end product
functions is end product

(Note:  A green plant grown in the dark loses in weight because its stored foods are respired and nothing is added through photosynthesis.)

VIII.
Absorption of nutrients and water

A.
Diffusion--Movement of gases or liquid from an area of high concentration to an area of low concentration

B.
Osmosis--Movement of a substance from a place of greater concentration through a semi-permeable membrane to a place of lesser concentration

C.
Non-root feeding (leaf feeding)--Nutrients and water entering the plant through leaves and stems

IX.
The process of absorption  (Transparency 5)

A.
The soil solution enters the root hairs by the process of osmosis

(Note:  The soil solution is composed of water and minerals in solution.)

B.
After the soil solution is absorbed by the root hairs, it moves through the epidermal cells, cortex and phloem to the xylem

C.
The xylem conducts the solution to other parts of the plant

X.
The process of transpiration  (Transparencies 6, 7, 8)

A.
Water enters plant through root hairs

B.
Water passes to xylem and up the stem to the leaves

C.
A small amount of water is used in photosynthesis

D.
The remainder is lost by transpiration

(Note:  Water loss occurs mainly through the stoma on the leaves.  When stoma are open, water vapor, which is low in carbon dioxide, escapes from the leaf and is replaced by dry air higher in carbon dioxide.)

XI.
Factors affecting water loss by transpiration

A.
Climatic conditions

B.
The number of stoma on the leaves

C.
Availability of soil moisture to the plant

D.
General plant structure

(Note:  Some plants have a waxy covering called a cuticle which inhibits evaporation of water.  Some plants have stoma only on lower side of leaf where temperatures are cooler.)

E.
Soil fertility

(Note:  Transpiration is greater for plants in fertile soils than poor soils; therefore the plant uses more water on fertile soils than poor soils.)

XII.
Osmosis--The diffusion of water through a selectively permeable membrane from an area of greater concentration of water to an area of lesser concentration  (Transparency 9)
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ASSIGNMENT SHEET #1--LIGHT IN RELATION TO INCREASE

IN DRY WEIGHT

Name

Score


Part I:
Three hundred bean seeds were divided into three lots of 100 each.  One lot of 100 seeds was used to measure the percent moisture in the seeds, from which it was possible to calculate the dry weight of the other two lots.  A second lot of seeds was sown in sand in a suitable box and kept in a dark room.  The third lot was likewise sown in sand in a suitable box and kept under a daily cycle of 15 hours of light and 9 hours of dark.  These two lots of seeds were kept at a temperature of 75oF.  Four weeks after planting, each lot of resulting seedlings was harvested and the dry weight of each was measured.  These resulting data are tabulated.

	Environmental Condition
	Calculated Dry Weight of Seeds Planted
	Dry Weight of Seedlings at End of Four Weeks
	Difference Between Dry Weight of Seed - lings and Dry Weight of  Seeds Planted

	Seedlings in light
	57.9 g
	82.2 g
	+23.4 g

	Seedlings in dark
	57.9 g
	23.4
	-34.5 g


Part II:
a.
What one environmental factor was varied in this experiment?

b.
How do you account for the increase in dry weight of the seedlings in light as compared with 


the dry weight of the seeds which were planted in darkness?

c.
Why do the seedlings that developed in the dark not gain in dry weight?

d.
Why do the seedlings that developed in the dark actually decrease in dry weight?

e.
Is light necessary for the utilization of food in the growth of plants?
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ANSWERS TO ASSIGNMENT SHEET

Assignment Sheet #1

a.
Light

b.
Photosynthesis is greater than respiration

c.
Respiration is greater than photosynthesis

d.
Sugars are utilized by respiration for basic functions of the plant without being replenished by photosynthesis

e.
Yes
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INSTRUCTOR NOTES FOR LABORATORY EXERCISES

Lab #2

Make sure the Elodea plant is very healthy by exposing it to several hours of bright light a few days before students perform this laboratory.

Students can set up Part II while they are waiting to measure oxygen production for plants in Part I.

Part I:

Step 2:
Warn students to use caution when using sharp instruments.

Step 3:
Add about 1/2 teaspoon of sodium bicarbonate to each test tube.

Step 4:
Provide a fluorescent light for growing plants for the bright light environment.

Step 5:
In choosing these light environments, try to control for temperature.

Place test-tube racks in appropriate areas around the room in which the students can place their labeled test tubes in Step 5 of Part I.

Step 6:
Remind students that plants are adapted to a variety of conditions.  For some plants adapted to shade, long exposure to bright light may harm the plant.  In the short run, bright light will increase the rate of photosynthesis of almost any plant.

Part II:

You may reuse Elodea sprigs from Part I in Part II.

Table I:
More bubbles will be released in the bright light.

Table II:
More bubbles will be released in the warm temperature than the hot, cool or freezing temperatures.

Part III:

Extensions:  Ask students to design an experiment to find out how the color of light affects the rate of photosynthesis.

Lab #3

Part I:

Freshly removed leaves provide the best observation.

Part II:

Demonstrate the pairing of the cobalt paper on the leaves.

Part III:

Celery, freshly removed from the stalk, could be used as a substitute for the coleus.
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LABORATORY EXERCISE #1--MEASURING LOSS FROM TRANSPIRATION

Name

Score


I.
Materials needed

A.
A growing plant in a pot, bucket or other container or a plant growing in a convenient location

B.
Plastic bag or sheet of clear plastic that will cover the plant or a branch of the plant containing 10 to 12 leaves

C.
String, rubber bands or other suitable tie materials

D.
Stake to support the weight of the plastic

E.
Plastic straw or other suitable tubing for a drain

F.
Measuring cup or beaker

II.
Procedure  (Figure 1)

A.
Be sure plant has been watered

B.
Cover the entire vegetative portion of the plant or a section with plastic material

C.
Locate tubing at bottom of plastic covering to serve as a water drain

D.
Place plant in sunny location for an entire day; measure the water collected; empty container

E.
Measure water collected during dark period of the day

F.
Compare differences in the amount of water collected

[image: image10.png]Figure 1





III.
Questions

a.
Which period produced the most water in the container?  Why?

b.
Does temperature have an effect on transpiration rates?  Does light?  Air humidity?
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LABORATORY EXERCISE #2--MEASURING RATES OF PHOTOSYNTHESIS

IN DIFFERENT ENVIRONMENTS

Name

Score


Slesnick, Irwin L., Biology Laboratory Manual, Scott, Foresman and Company, 1985.  Reprinted by permission of Scott, Foresman and Company.

Introduction
Plants grow in many different environments.  Dandelions grow in cracks in a sidewalk; pine trees grow high on mountainsides; water lilies grow from shallow lake bottoms.  Though plants flourish in vastly different environments, most plants have one thing in common:  they need light to survive.  Unlike certain animal species, no species of green plant can survive for long in total darkness.  To make glucose, plants capture light energy in the process of photosynthesis.  In this laboratory you will observe how both light intensity and temperature affect the rate of photosynthesis of an Elodea plant.

Materials needed
Metric ruler
Thermometer

Scissors or scalpel
4 300-ml beakers

Clock or timepiece
Elodea sprigs

Sodium bicarbonate
Tap water

Spoon
4 test tubes

Masking tape
4 glass stirring rods, each about 5 cm long

Marking pen

Ice

Part I:  Comparing Rates of Photosynthesis Under Different Light Conditions

1.
Place four test tubes in a test-tube rack.  Fill each test tube to within 4 cm of the rim with aquarium water.
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2.
Cut four healthy sprigs from an Elodea plant.  Each sprig should be approximately 8 cm long.  Use sharp scissors or a scalpel to make a clean diagonal cut across the bottom of each sprig.

3.
Obtain four glass rods.  Wrap each Elodea sprig around a glass rod.  Place each glass rod with an Elodea sprig in a test tube, as shown in a.  The cut end of the Elodea should be in the bottom of the test tube.  Add about 1 g of sodium bicarbonate to each test tube.  Sodium bicarbonate supplies carbon dioxide needed for certain reactions in photosynthesis.

4.
Make masking tape labels for each test tube.  On one label, write "bright light"; on a second label, write "daylight"; on a third, write "shade"; on the fourth, write "darkness".  These are the four different light environments for this part of the laboratory.

5.
Place each test tube in the type of light indicated on its label.  Make sure that the temperature in each different light environment varies no more than 5oC.  On a separate piece of paper, copy Table I below.

6.
After 15 minutes have passed, observe the bubbles rising from the cut ends of each Elodea plant.  These bubbles are oxygen gas given off as a by-product of photosynthesis.  What is the relationship between the number of bubbles given off and the rate of photosynthesis?

(a)


7.
Count the number of bubbles given off by each plant in three minutes.  Record your results in your Table I.  Compute the average number of bubbles given off by each sprig in one minute.  Record these averages in Table I.

Part II:  Comparing Rates of Photosynthesis Under Different Temperature Conditions

1.
Repeat steps 1-3 of Part I.

2.
Prepare masking tape labels for your test tubes.  Label one tube "0oC"; a second, label "15oC"; label a third test tube "30oC"; label the fourth "45oC".  These are the four different temperature environments for this part of the laboratory.  On a separate piece of paper, copy Table II.

3.
Obtain four beakers.  Fill one beaker three-quarters full of ice.  Half fill the other beakers with cool, warm and hot water respectively.  Measure the temperature of each water bath.  Add warmer or cooler water to each to bring the temperature of the cool water bath to 15oC, the warm water bath to 30oC, and the hot water bath to 45oC.  In each water bath, place the test tube with the corresponding label.

4.
Count and record the number of bubbles released during three minutes from the cut ends of each Elodea sprig.  Compute the average number of bubbles released by each sprig in one minute, and record these averages in Table II.

5.
Clean up your work area and put away your equipment.
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Part III:  Analysis

1.
Using your results from Part I as evidence, how does light intensity affect the rate of photosynthesis of an Elodea plant?

2.
How can you explain the effects of light intensity on photosynthesis?  Review the photosynthesis reactions to formulate your answer.

3.
How does temperature affect the rate of photosynthesis in an Elodea?  Explain using the results from Part II.
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LABORATORY EXERCISE #3--WATER MOVEMENT THROUGH PLANTS

Name

Score


Selection from Modern Biology, Biology Investigations, Teacher's Edition, by James H. Otto, Albert Towle, W. David Otto, and Myra E. Madnick.  Copyright 1977 by Holt, Rinehart and Winston, Inc.  Reprinted by permission of the publisher.

Materials needed
Tulip, Trandescantia or Geranium leaves
2 sandwich bags

6 coleus or periwinkle cuttings, 15-20 cm in length
Cobalt paper

1 healthy geranium plant
Paper clips

Slide, cover glass
Cellophane tape

Microscope
250-ml beaker

Paper toweling
Eosin powder or red ink

10% salt solution
Single-edged razor blade

Part I:  The Structure of the Stomata

In addition to providing for the movement of gases in and out of a leaf, the stomata have the function of regulating the movement of water through the plant.

Remove a small piece of the lower epidermis from a tulip or geranium leaf by tearing with the blade, twisting as you tear.  The epidermis appears as a thin, transparent skin.  Prepare a wet mount of a piece of the epidermis.  Be careful not to wrinkle the tissue.  Examine the tissue under low power.  Note the shape and arrangement of the epidermal cells and the number and arrangement of the stomata (singular stoma).

a.
Are chloroplasts present in the epidermal cells?


Locate the bean-shaped guard cells on either side of the stoma.  Study the walls of the guard cells under low power.

b.
What variation in thickness can be observed in the inner and outer walls?

c.
What structure can you observe in the guard cells?

The stoma is a pore opening into the air spaces of the leaf.  Only a small percentage of the water absorbed by a plant is used in photosynthesis and other plant processes.  The remainder is lost from the tissues of the leaf through the stomata.  The guard cells regulate the size of the stomata by changing shape.

d.
Why is this important to the leaf and the plant?

To observe the opening and the closing of the stoma, prepare a fresh wet mount of the lower epidermis and examine under low power.

e.
Are the stomata open?


Remove the water from the preparation by placing paper toweling at the left edge of the cover glass to soak up the water.  Add a 10% salt solution to the right side of the cover glass.  Observe quickly.

f.
Describe what happened to the guard cells and the stoma.

g.
How can you explain the changes that occurred?

h.
Explain what natural activity of a leaf might cause the stomata to close.

In the space provided, draw the lower leaf epidermis.  Label:  stoma, guard cells, chloroplasts, epidermal cells.

Part II:  Transpiration

Transpiration is essentially the loss of water from a plant through evaporation from leaf tissues.

Remove a leaf from a vigorously growing geranium plant.  Fasten a strip of blue cobalt paper to the lower surface and upper surface by clipping the paper at both ends to the leaf.  Do not damage the leaf unnecessarily.  Blue cobalt paper turns pink in the presence of moisture.  Place the leaf in a small plastic sandwich bag and seal it with tape.  Place a strip of cobalt paper in a bag by itself and seal it.

a.
What is the purpose of this second bag?

Observe the leaf after 10 minutes.

b.
What is the color of the cobalt paper on the upper surface?

c.
The color on the lower surface?


d.
What is the color of the cobalt paper in the empty bag?

e.
How do you account for the difference in the color of the cobalt paper?

f.
Why is it necessary to seal the bag?

g.
Are the leaves wet?


h.
From what part of the leaf did the moisture come?

i.
Why is a control bag needed?

j.
Originally, how did the water get to the leaf?

Part III:  The Path of Rising Water in a Stem

In the examination of the structure of roots and stems, it may be observed that certain tissues are responsible for the conduction of substances up and down the stem.

a.
Which tissue is responsible for the conduction of water?

Fill a 250-ml flask about one third full of water which as been colored with powdered eosin or red ink.  Place a freshly cut stem of coleus in the flask.  Leave the stem in the solution at least 30 minutes.  Remove the stem and split it lengthwise with a razor blade.

b.
What evidence do you see of the rise of dye in the stem?

c.
In the stem, locate where the water seems to have risen.

Make a cross section of a lower portion of the stem and prepare a wet mount.  Examine the stem under low power of the microscope.

d.
In what tissue of the stem is there evidence that water has risen?

Part IV:  Summary

a.
On the basis of what you have learned about transpiration, account for the fact that leaves often wilt on a hot summer day, but return to normal at night.

b.
List as many factors as you can think of that might affect the loss of water from a plant.

The following events trace the movement of water from the soil, through a plant to the atmosphere.  Using your knowledge of plant structure, unscramble the pathway and write the events in order of occurrence in the space provided.  The first and last are done for you.

WATER

*enters the petiole of the leaf
1.
water in the soil

*moves across the cortex of the root
2.



*absorbed by mesophyll cells
3.



*enters vascular cylinder
4.



*enters veins of leaf
5.



*absorbed by root hairs
6.



*leaves leaf through stomata
7.



*moves into xylem cells of stem
8.



*evaporates into air spaces of leaf 
9.



*moves up xylem of stem
10.



11.



12.
water escapes to atmosphere
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ANSWERS TO LABORATORY EXERCISES

Lab #1

Part III:

a.
Most water into container during the daylight period

Why?  Stomata are open during the day, allowing water to escape

b.
Temperature - as temperature increases, transpiration increases

Light - light increases temperature, which increases transpiration

Air humidity - as humidity increases, it lowers transpiration

Lab #2
Part I:
(a)
The more bubbles, the faster the rate of photosynthesis.

Part III:
1.
The stronger the light, the more oxygen was released by the plant.  This indicates photosynthesis was occurring at a fast rate.

2.
The more light energy, the more chlorophyll can undergo chemical changes that result in the splitting of water into hydrogen and oxygen.  Thus, the more light energy, the more oxygen produced during photosynthesis.

3.
More oxygen bubbles were released from the plant in the 30oC environment.  Thus, a warm temperature best promotes photosynthesis.

Lab #3

Part I:
a.
No

b.
The inner wall is considerably thicker than the outer wall.

c.
Chloroplasts

d.
This regulates water loss.

e.
If the plant has been exposed to bright light, the stomata will be open.

f.
The guard cells changed shape, resulting in the closing of the stomata.

g.
The salt concentration outside the cell caused the guard cells to lose water, and the stomata were closed.

h.
In the synthesis of carbohydrates, carbon dioxide is used up and the acid content of the guard cell decreases.  More starch is converted to sugar; water diffuses into the guard cells and the stomata close.

Drawings will vary.  Complete to instructor's satisfaction.

Part II:
a.
To serve as a control

b.
Less blue, slightly pink

c.
Pink

d.
Blue

e.
The papers attached to the leaves respond to moisture transpiration from the leaves and turned pink.  Those by themselves remained blue.

f.
To insure that the only moisture affecting the cobalt paper is coming from the leaf.

g.
No

h.
From the air spaces and through the stomata

i.
To demonstrate that the water came only from the leaf.

j.
It was carried to the leaf through the vascular tissue of the roots and stem and of the leaf itself.

Part III:
a.
Xylem

b.
The water colored red by the dye has moved up the stem and the stem tissues appear red.

c.
Toward the interior where the xylem tissue is located.

d.
Xylem

Part IV:
a.
The atmosphere becomes cooler and absorption makes up the water deficiency.  The stomata remain closed for longer periods of time at night, thus reducing the evaporation rate.

b.
Air currents, humidity, temperature, light, soil factors, available water

2.
Absorbed by root hairs

3.
Moves across the cortex of the root

4.
Enters vascular cylinder

5.
Moves into xylem cells of stem

6.
Moves up xylem of stem

7.
Enters the petiole of the leaf

8.
Enters veins of leaf

9.
Absorbed by mesophyll cells

10.
Evaporates into air spaces of leaf

11.
Leaves leaf through stomata
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UNIT TEST

Name

Score


1.
Match terms associated with basic plant processes to the correct definitions.  Write the correct numbers in the blanks.

1.
Photosynthesis
6.
Mesophyll
11.
Permeable membrane

2.
Respiration
7.
Chlorophyll
12.
Epidermis

3.
Transpiration
8.
Chloroplast
13.
Cortex

4.
Absorption
9.
Phloem
14.
Xylem

5.
Stoma
10.
Root hairs

_____a.
A small opening in the epidermis of leaves and stems through which gases pass

_____b.
The green pigment of plant cells; necessary for photosynthesis

_____c.
The process of making sugars in green plants from water and carbon dioxide in the presence of sunlight

_____d.
Food conducting tissue of plants

_____e.
The outermost layer of cells of the leaf and of young stems and roots

_____f.
The evaporation of water vapor from the stoma on the leaves of a plant

_____g.
A cellular organelle in which chlorophyll is contained; site of photosynthesis

_____h.
Tissue through which most of the water and minerals of a plant are conducted

_____i.
The photosynthetic tissue of a leaf; located between the layers of epidermis

_____j.
The process of using the stored foods of a plant in which energy is obtained or released

_____k.
A membrane through which liquid substances may diffuse, such as the plasma membrane of root hair cells

_____l.
The taking in of water and mineral nutrients through the roots of a plant

_____m.
Cells of a stem or root bound externally by the epidermis and internally by the vascular system

 ____n.
Outgrowths of the epidermal cells of the root; greatly increase absorption area of the root system

2.
Name the four important plant processes in food manufacture and growth.

a.


b.


c.


d.


3.
Explain why photosynthesis is an important process.

a.


b.


c.


4.
Explain the process of photosynthesis.

5.
List five factors that effect photosynthetic rate.

a.


b.


c.


d.


e.


6.
Explain the process of respiration.

7.
Classify the following characteristics as that of photosynthesis (X) or respiration (O).  Write the correct letter in the blank before each statement.

_____a.
Sugar is the end product

_____b.
Carbon dioxide is given off

_____c.
Requires light

_____d.
A destruction process

_____e.
Goes on day and night

_____f.
A building process

_____g.
Only takes place in cells containing chlorophyll

_____h.
Carried on in all cells

_____i.
Oxygen is given off

_____j.
Sugars consumed

8.
Match ways nutrients and water are absorbed by the plant to the correct definition.  Write the correct numbers in the blanks.

_____a.
Nutrients and water entering the plant 
1.
Diffusion

through leaves and stems

2.
Osmosis

_____b.
Movement of gases or liquid from an area of 

high concentration to an area of low 
3.
Non-root feeding

concentration

_____c.
Movement of a substance from a place of 

greater concentration through a semi-permeable 

membrane to a place of lesser concentration

9.
Explain the process of absorption by plant roots.

10.
Explain the process of transpiration.

11.
List five factors affecting water loss by transpiration.

a.


b.


c.


d.


e.


12.
Explain osmosis.
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ANSWERS TO TEST

1.
a.
5
f.
3
k.
11

b.
7
g.
8
l.
4

c.
1
h.
14
m.
13

d.
9
i.
6
n.
10

e.
12
j.
2

2.
Photosynthesis; Respiration; Transpiration; Absorption

3.
Plants produce food by photosynthesis; Plants produce food used directly by man; Plants produce food used indirectly by man through meat and milk produced by livestock

4.
Answer could include the following information:

Carbon dioxide (CO2) enters the leaf from the surrounding air through the stoma; Water moves from the soil into the root, stems and leaves through the xylem tissue; The molecules of water (H2O) and carbon dioxide (CO2) are synthesized (put together) in the chlorophyll of a plant with energy from sunlight; The end result is the formation of sugar which is transported by the phloem tissue to the part of the plant where it is used

5.
Water supply; Temperature; Light quality; Light intensity; Deficiency of certain plant nutrients

6.
Answer could include the following information:

Sugar is broken down to produce energy for essential plant functions; Respiration consumes oxygen (O2) and glucose (C6H12O6); Respiration gives off carbon dioxide (CO2) and water (H20)

7.
a.
X
e.
O
i.
X

b.
O
f.
X
j.
O

c.
X
g.
X

d.
O
h.
O

8.
a.
3
b.
1
c.
2

9.
Answer could include the following information:

The soil solution enters the root hairs by the process of osmosis; After the soil solution is absorbed by the root hairs, it moves through the epidermal cells, cortex and phloem to the xylem; The xylem conducts the solution to other parts of the plant

10.
Answer could include the following information:

Water enters plant through root hairs; Water passes to xylem and up the stem to the leaves; A small amount of water is used in photosynthesis; The remainder is lost by transpiration

11.
Climatic conditions; The number of stoma on the leaves; Availability of soil moisture to the plant; General plant structure; Soil fertility

12.
The diffusion of water through a selectively permeable membrane from an area of greater concentration of water to an area of lesser concentration

