
Lesson C3–3

Examining Photosynthesis

Unit C. Plant and Soil Science

Problem Area 3. Seed Germination, Growth, and Development

Lesson 3. Examining Photosynthesis

New Mexico Content Standard:

Pathway Strand: Plant Systems

Standard: II: Address taxonomic or other classifications to explain basic plant anatomy

and physiology.

Benchmark: II-A. Examine unique plant properties to identify/describe functional differ-

ence in plant structures including roots, stems, flowers, leave and fruit.

Performance Standard: 4. Explain the processes of photosynthesis and respiration.

Student Learning Objectives. Instruction in this lesson should result in students

achieving the following objectives:

1. Discuss the structural unit in which photosynthesis takes place.

2. Describe the processes of photosynthesis.

3. Identify factors that affect photosynthesis.
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List of Resources. The following resources may be useful in teaching this lesson:

Recommended Resources. One of the following resources should be selected to accompany the

lesson:

Parker, Rich. Introduction to Plant Science. Albany, New York: Delmar. 2000

Other Resources. The following resources will be useful to students and teachers:

Biondo, Ronald J. and Dianne A. Noland. Floriculture: From Greenhouse Production

to Floral Design. Danville, IL: Interstate Publishers, Inc. 2000

Biondo, Ronald J. and Jasper S. Lee. Introduction to Plant and Soil Science and Tech-

nology, 2nd Edition, Danville, IL: Interstate Publishers, Inc. 2003

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

Copies of student lab sheets

Terms. The following terms are presented in this lesson (shown in bold italics):

ATP

Bundle sheath cells

C3 plants

C4 plants

Calvin cycle

Carotenoids

Cellulose

Chlorophyll

Chlorophyll a

Chlorophyll b

Chloroplasts

Grana

Light-dependent reaction

Light-independent reaction

Mesophyll

NADPH

Photophosphorylation

Photosynthesis

Stroma

Thylakoids
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Interest Approach. Use an interest approach that will prepare the students for the les-

son. Teachers often develop approaches for their unique class and student situations. A possible

approach is included here.

At the beginning of class ask the students to list all they know about photosynthesis, the products of photo-

synthesis, and the importance of photosynthesis to life. After 10 minutes ask for students to volunteer their

thoughts. Allow the discussion to flow into the objectives of the lesson.

Summary of Content and Teaching Strategies

Objective 1: Discuss the structural unit in which photosynthesis takes place.

Anticipated Problem: What is the structural unit in which photosynthesis takes place?

I. Photosynthesis is a chemical process in which plants absorb light and convert solar energy

into stored chemical energy.

A. Photosynthesis takes place in green pigments. The green pigments known as chlorophyll

are confined in organelles known as chloroplasts. Chloroplasts are located mainly in the

cells of the mesophyll tissue found in leaves. Typically there are 20–100 chloroplasts in

each mesophyll cell.

B. Chloroplasts are bound by a membrane. A fluid-filled region within the chloroplast is

known as the stroma. The stroma contains most of the enzymes required for

photosynthetic reactions. Also inside the chloroplast is a system of membranes that form

an interconnected set of flat, disk-like sacs referred to as the thylakoids. The thylakoid

sacs arranged in stacks, similar in appearance to a stack of coins, are called grana.

C. Chlorophyll is a complex molecule that is the main pigment of photosynthesis. It has two

primary forms. The most important is chlorophyll a. Chlorophyll a is bright green and is

responsible for absorbing energy from the violet-blue to red, red-orange light wave-

lengths. Chlorophyll a initiates the light-dependent reactions in the photosynthetic pro-

cess. Chlorophyll b is yellow-green and absorbs wavelengths of light slightly different

from chlorophyll a. Carotenoids are additional pigments yellow and orange in color that

absorb energy from green-yellow-orange wavelengths. The energy absorbed by caroten-

oids can be transferred to chlorophyll a.

Create student interest at the onset with an interest approach. Then move into the lesson by leading a

classroom discussion on the structures in which photosynthesis takes places. Use visual aides, including

TM: C3–3A—Structure in Which Photosynthesis Occurs, to help students understand the material. Re-

quire students to take notes on the major points presented. During the discussion, question students to get

an idea of their level of understanding. Repeat discussion on material they appear to have difficulty com-

prehending. Engage the students in learning by having them complete LS: C3–3A—Viewing a Plant Cell.
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Objective 2: Describe the processes of photosynthesis.

Anticipated Problem: What are the processes of photosynthesis?

II. Plants convert light energy into chemical energy of sugar molecules through the process of

photosynthesis.

A. Chlorophyll traps light energy from sunlight. It uses the energy to manufacture the

high-energy compounds ATP and NADPH. Plants use the energy held in the ATP and

NADPH molecules to make carbohydrates. Sugars, starches, and cellulose are carbohy-

drates. Sugars and starches serve as energy sources for cells. Cellulose is the main struc-

tural component of walls that surround plant cells.

B. Photosynthesis has two main reactions, the light-dependent reaction and the light-inde-

pendent reaction.

1. The light-dependent reaction only occurs in the presence of light. Chlorophyll ab-

sorbs the light energy. The light energy is converted to electrical energy. Some of the

electrical energy is used to make ATP through a process known as

photophosphorylation. Some of the light energy trapped by the chlorophyll is used to

split water molecules. Oxygen (O2) from the water is released. Hydrogen atoms from

the water combine with NADP to form NADPH.

2. The light-independent reaction does not require light and is sometimes referred to as

the dark reaction. In this reaction ATP and NADPH, formed during the light-de-

pendent reaction, are used to make high-energy carbohydrates. The carbohydrates

function as a good long-term energy storage system. The materials used in the pro-

cess include carbon dioxide (CO2) from the air and hydrogen (H) from the NADPH

(originally obtained from water).

3. Most plants use the Calvin cycle (C3) to fix carbon during the light-independent re-

action. The Calvin cycle takes place in the stroma within mesophyll cells. Initially a

six-carbon molecule is formed. Instantly, it splits into 2 three-carbon molecules. The

three-carbon molecules join to form simple sugars, glucose, and fructose. It takes six

turns of the Calvin cycle, involving the input of six CO2 molecules and hydrogen

from NADPH and ATP, to result in one molecule of glucose. In some plants, such as

sugar beets and maples, the glucose and fructose join to produce sucrose. Most plants

are referred to as C3 plants because the first product of carbon fixation is a three-car-

bon compound.

4. Many plants with tropical origins have the ability to fix carbon dioxide into four-car-

bon compounds, sometimes referred to as C4 plants. C4 plants originated in areas of

high temperatures, high light intensities, and limited amounts of water. Corn, sugar

cane, and crabgrass are C4 plants. C4 plants are typically fast growing and produce

yields 2–3 times higher than C3 plants. The leaves of C4 plants differ physically from

C3 plants. C4 plants have specialized cells, known as bundle sheath cells, which are

packed tightly around the veins of a leaf. Mesophyll cells surround them. Reactions

of the C4 pathway take place in the mesophyll cells. In the process, the plants fix CO2
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into four-carbon compounds. A result of the C4 pathway is an increased concentra-

tion of carbon dioxide in bundle sheath cells. Levels of carbon dioxide within the

bundle sheath cells reach 10–60 times that of cells with only the C3 pathway. During

the reaction, compounds produced in the mesophyll cells migrate to the bundle

sheath cells and go through the Calvin cycle, the C3 pathway. With a high level of

CO2 photosynthesis takes place at a rapid rate.

Prepare the students by having them read related sections of text materials identified in the resources list.

Require students to take notes on the major points presented in the chapter. Follow the reading session

with a discussion on the process of photosynthesis. Use transparency masters provided; TM: C3–3B—An

Equation for Photosynthesis, TM: C3–3C—Products of Photosynthesis, and TM: C3–3D—A Compar-

ison of C3 and C4 Leaf Structures, to illustrate the concepts. Have the students expand their notes based

on the discussion. The discussion can also serve as a way to monitor students’ mastery of the material. En-

hance instruction by having the students perform a laboratory experiment provided, LS: C3–3B—Starch

Production in Leaves.

Objective 3: Identify factors that affect photosynthesis.

Anticipated Problem: What factors affect photosynthesis?

IV. Outside factors influence the rate of photosynthesis.

A. The first requirement for photosynthesis is a healthy, living plant. The plant must also

have chlorophyll to absorb light.

B. There must be an ample supply of carbon dioxide in the atmosphere. Higher levels of

CO2 result in more rapid growth. In some greenhouses, carbon dioxide is added to the

atmosphere to speed photosynthesis and plant growth.

C. Water must be available for plant use. Severe lack of water results in wilting or a limp

appearance to the plant. Stomates close to conserve water. CO2 levels in the leaf drop,

and photosynthesis shuts down.

D. Light or radiant energy drives photosynthesis. Photosynthesis cannot occur without

light.

Discuss the factors that affect photosynthesis. Use TM: C3–3E—Factors Affecting Photosynthesis, to aid

the discussion. At the conclusion of the discussion, review and summarize the information presented in the

lesson. Follow up with an evaluation. Use the sample test provided to assess student mastery of the mate-

rial.

Review/Summary. Base review and summary of the lesson content on the learning ob-

jectives. It is beneficial to review material addressing an objective before moving on with instruc-

tion on the next objective. Have students explain terms, processes outlined in the lesson, and the

content associated with each objective. Student responses can be used in determining which ob-

jectives require greater review or whether further instruction is necessary. Questions at the end of

each chapter in the recommended textbooks may also be used in the review/summary.
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Application.

LS: C3–3A—Viewing a Plant Cell

LS: C3–3B—Starch Production in Leaves

TM: C3–3A—Structure in Which Photosynthesis Occurs

TM: C3–3B—An Equation for Photosynthesis

TM: C3–3C—Products of Photosynthesis

TM: C3–3D—A Comparison of C3 and C4 Leaf Structures

TM: C3–3E—Factors Affecting Photosynthesis

Evaluation. Focus the evaluation of student achievement on mastery of the objectives

stated in the lesson. Measure student performance on classroom participation, laboratory assign-

ments, and written tests or quizzes.

Answers to Sample Test:

Part One: Matching

1 = a, 2 = h, 3 = e, 4 = d, 5 = i, 6 = c, 7 = f, 8 = g, 9 = j, 10 = b

Part Two: Completion

1. ATP, NADPH

2. Sugars, starches

3. chloroplasts

4. mesophyll

5. Calvin cycle (C3)

6. Chlorophyll b

7. C4 plants

8. light

9. 20–100

10. light-dependent, light-independent

Part Three: Short Answer

1. The light-dependent reaction only occurs in the presence of light. Chlorophyll absorbs

the light energy. The light energy is converted to electrical energy. Some of the electrical

energy is used to make ATP through a process known as photophosphorylation. Some of

the light energy trapped by the chlorophyll is used to split water molecules. Oxygen (O2)

from the water is released. Hydrogen atoms from the water combine with NADP to form

NADPH.
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2. The light-independent reaction does not require light and is sometimes referred to as the

dark reaction. In this reaction ATP and NADPH, formed during the light-dependent re-

action, are used to make high-energy carbohydrates. The carbohydrates function as a

good long-term energy storage system. The materials used in the process include carbon

dioxide (CO2) from the air and hydrogen (H) from the NADPH (originally obtained

from water).

3. Most plants use the Calvin cycle (C3) to fix carbon during the light-independent reac-

tion. The Calvin cycle takes place in the stroma within mesophyll cells. Initially a

six-carbon molecule is formed. Instantly, it splits into 2 three-carbon molecules. The

three-carbon molecules join to form simple sugars, glucose and fructose. It takes six

turns of the Calvin cycle, involving the input of six CO2 molecules and hydrogen from

NADPH and ATP, to result in one molecule of glucose. Most plants are referred to as C3

plants because the first product of carbon fixation is a three-carbon compound.

Many plants with tropical origins have the ability to fix carbon dioxide into four-carbon

compounds. They are sometimes referred to as C4 plants. C4 plants originated in areas of

high temperatures, high light intensities, and limited amounts of water. Corn, sugar cane

and crabgrass are C4 plants. C4 plants are typically fast growing and produce yields 2-3

times higher than C3 plants. The leaves of C4 plants differ physically from C3 plants. C4

plants have specialized cells, known as bundle sheath cells, which are packed tightly

around veins of a leaf. Mesophyll cells surround them. Reactions of the C4 pathway take

place in the mesophyll cells. In the process, the plants fix CO2 into four-carbon com-

pounds. A result of the C4 pathway is an increased concentration of carbon dioxide in

bundle sheath cells. Levels of carbon dioxide within the bundle sheath cells reach 10–60

times that of cells with only the C3 pathway. During the reaction, compounds produced

in the mesophyll cells migrate to the bundle sheath cells and go through the Calvin cy-

cle, the C3 pathway. With a high level of CO2 photosynthesis takes place at a rapid rate.

4. The first requirement for photosynthesis is a healthy, living plant with chlorophyll to ab-

sorb light. There must be an ample supply of carbon dioxide in the atmosphere. Water

must be available for plant use. Light or radiant energy drives photosynthesis.
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Sample Test Name_____________________________________

Test

Lesson C3–3: Examining Photosynthesis

Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. Bundle sheath cells f. Light-independent reaction

b. Carotenoids g. Photophosphorylation

c. Cellulose h. Photosynthesis

d. Chlorophyll a i. Stroma

e. Light-dependent reaction j. Thylakoid

_______ 1. Specialized cells in C4 plants that are packed tightly around the veins of a leaf.

_______ 2. A chemical process in which plants absorb light and convert solar energy into

stored chemical energy.

_______ 3. Photosynthetic reaction that occurs in the presence of light.

_______ 4. Type of chlorophyll that initiates the light-dependent reactions in the

photosynthetic process.

_______ 5. A fluid-filled region within the chloroplast.

_______ 6. The main structural component of walls that surround plant cells.

_______ 7. Photosynthetic reaction that does not require light and is sometimes referred to as

the dark reaction.

_______ 8. A process in which some electrical energy is used to make ATP.

_______ 9. A system of membranes that form an interconnected set of flat, disk-like sacs.

_______ 10. Pigments yellow and orange in color that absorb energy from green-yellow-orange

wavelengths.

Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. Chlorophyll traps light energy from sunlight to manufacture high-energy compounds

___________ and _____________.

2. ____________ and _________________ serve as energy sources for cells.
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3. Green pigments known as chlorophyll are confined in organelles known as

__________________.

4. Chloroplasts are located mainly in the cells of the _______________ tissue found in leaves.

5. Most plants use the ___________ ____________ to fix carbon during the light-independ-

ent reaction.

6. ________________ is yellow-green, and it absorbs wavelengths of light slightly different

from chlorophyll a.

7. Many plants, referred to as ____________, have the ability to fix carbon dioxide into

four-carbon compounds.

8. Photosynthesis cannot occur without ____________ .

9. Typically there are ____________ chloroplasts in each mesophyll cell.

10. Photosynthesis has two main reactions, the _________________________ reaction and the

___________________________ reaction.

Part Three: Short Answer

Instructions. Provide information to answer the following questions.

1. What is the light-dependent reaction?

2. What is the light-independent reaction?

3. How do C3 and C4 plants differ?

4. What are four factors that affect photosynthesis?
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TM: C3–3A

STRUCTURE IN WHICH

PHOTOSYNTHESIS OCCURS
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Cuticle

Upper epidermis

Lower epidermis

Palisade
Spongy

Xylem
Phloem

Mesophyll

Vein

Stoma

}

}

}
}

Leaf cross-section

Vacuole

Chloroplast Thylakoid
membrane

Thylakoid
interior

Stroma

Grana



TM: C3–3B

AN EQUATION FOR

PHOTOSYNTHESIS
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6CO2 + 12H O2 C H O6 12 6 6O2+ + 6H O2

(Carbon dioxide) (Water) (Sugar) (Oxygen) (Water)

Light
Chlorophyll



TM: C3–3C

PRODUCTS OF

PHOTOSYNTHESIS
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TM: C3–3D

A COMPARISON OF C3 AND

C4 LEAF STRUCTURES
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Arrangement of Cells in a C Leaf3 Arrangement of Cells in a C Leaf4

Upper
epidermis

Palisade mesophyll

Bundle sheath cells

Vein

Spongy mesophyll



TM: C3–3E

FACTORS AFFECTING

PHOTOSYNTHESIS
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LS: C3–3A Name_____________________________________

Lab Sheet

Viewing a Plant Cell
Purpose:

Students will view the structures of a plant in which photosynthesis occurs.

Instructions:

Select leaf samples for viewing under a microscope. An aquatic plant, Elodea, is a good se-

lection because it is only two cells thick making it very transparent. Place the leaf on a mi-

croscope slide. Look at the Elodea leaf under the microscope. Look for the small

chloroplasts located at the cell wall. If the sample is actively growing, you might see the

chloroplasts rotate. With other types of leaves it is helpful to peel away the epidermis to ex-

pose mesophyll cells for viewing.

1. What color is the cell?

2. What color are the chloroplasts? Why?

3. Draw a picture of the cell and label the cell wall, chloroplasts, cytoplasm, nucleus etc.

New Mexico Animal, Plant, and Soil Science Lesson Plan Library

Unit C. Problem Area 3. Lesson 3. Page 15.



LS: C3–3B Name_____________________________________

Lab Sheet

Starch Production in Leaves
Purpose:

Students will relate the production of starches to the process of photosynthesis.

Materials:

2 coleus plants

single-edged razor blades

2 petri dishes

Microscopes

Microscope slides

Forceps

20 percent iodine solution

Instructions:

1. Place one coleus plant in a sunny location. Place the second coleus plant in a dark loca-

tion, possibly under a cardboard box. Provide adequate water for both plants. Keep them

under these growing conditions for 7 days.

2. Select leaves from both plants and cut them into 2–3 centimeter wide strips. Notch the

ends of the leaves taken from the plants grown in the light.

3. Label the petri dishes light or dark. Place the appropriate strips into the petri dishes.

Add enough of the 20 percent iodine solution to cover the strips.

4. Leave the leaf strips overnight.

5. Remove the leaf strips from the solution with forceps and blot off the solution with paper

towels.

6. Place the leaf strips on a microscope slide for viewing. Starch granules in the cells will be

stained a dark blue by the iodine. Those cells on the edges of the strips might show the

clearest results.

7. Record your observations. Which plant had the greatest starch granules?
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