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1

Section

1

The Plant
Kingdom

Reading Preview

Objectives
After this lesson, students will be able to
A.4.1.1 Identify the characteristics that all
plants share.
A.4.1.2 Name all the things that a plant
needs to live successfully on land.
A.4.1.3 Compare vascular and nonvascular
plants.
A.4.1.4 Describe the stages of a plant’s
life cycle.

Target Reading Skill
Building Vocabulary Explain that
knowing the definitions of key-concept
words helps students understand what
they read.
Answers
Students’ definitions will vary. Check to see
that definitions are appropriate or call on
volunteers to share their definitions.

Preteach
Build Background
Knowledge

The Plant Kingdom

L2

How are Plants Different
From Animals?
Present students with a potted plant and ask
them to identify at least two ways in which
the plant is different from an animal.
(Sample answers: Plants cannot make noise;
a plant does not move around.)

L1
Skills Focus Inferring
Materials hand lens, leaf from plant with
thick, fleshy leaves, such as a jade, yucca,
or aloe plant; leaf of a temperate climate
plant, such as a maple, oak, or common
garden plant
Time 10 minutes

Key Concepts
• What characteristics do all plants
share?

• What do plants need to live
successfully on land?

• How do nonvascular plants and
vascular plants differ?

• What are the different stages of
a plant’s life cycle?

Key Terms
• photosynthesis • tissue
• chloroplast • vacuole
• cuticle • vascular tissue
• fertilization • zygote
• nonvascular plant
• vascular plant • chlorophyll
• sporophyte • gametophyte

Target Reading Skill
Building Vocabulary A deﬁnition
states the meaning of a word or
phrase by telling about its most
important feature or function.
After you read the section, reread
the paragraphs that contain
deﬁnitions of Key Terms. Use all
the information you have learned
to write a deﬁnition of each Key
Term in your own words.

What Do Leaves Reveal About Plants?
1. Your teacher will give you two leaves from plants that grow in
two very different environments: a desert and an area with
average rainfall.
2. Carefully observe the color, size, shape,
and texture of the leaves. Touch the
surfaces of each leaf. Examine each
leaf with a hand lens. Record your
observations in your notebook.
3. When you have ﬁnished, wash your
hands thoroughly with soap and water.
Think It Over
Inferring Use your observations to determine which plant lives
in the desert and which does not. Give at least one reason to
support your inference.

There are some very strange plants in the world. There are
plants that trap animals, plants that bloom only once every
thirty years, and plants with flowers that smell like rotting
meat. You probably don’t see such unusual plants every day.
But you probably do see plants every day. You encounter plants
whenever you see moss on a tree trunk, run across a lawn, or
pick ripe tomatoes from a garden. And all plants, both the
unfamiliar and the familiar, have a lot in common.

What Is a Plant?
Members of the plant kingdom share several characteristics.
Nearly all plants are autotrophs, organisms that produce
their own food. All plants are eukaryotes that contain many
cells. In addition, all plant cells are surrounded by cell walls.
Plants Are Autotrophs You can think of a typical plant as
a sun-powered, food-making factory. Sunlight provides the
energy for this food-making process, called photosynthesis.
During photosynthesis, a plant uses carbon dioxide gas and
water to make food and oxygen. You will learn more about
photosynthesis in Section 2.

Tips Select leaves that display adaptations
easily associated with protection from
bright sun and dry weather. Both leaves
should be green.
Expected Outcome Students should
observe a difference in leaf thickness,
texture, and size.

Think It Over Students should infer that
the plant with the small, thick, fleshy leaf
lives in the desert or other hot, sunny
climate, and that the plant with the larger,
thinner, flatter leaf lives in an area of
sufficient rainfall. Students will probably
say that the thick leaf looks as if it has
water in it.
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 Plant cells

Instruct

What is a Plant?
Teach Key Concepts

Plants Are Multicellular You don’t need a
microscope to see plants because they are multicellular. Plants vary greatly in size, of course.
Both the tiniest moss and the tallest redwood
tree are plants.
No matter how large or small a plant is, its
cells are organized into tissues—groups of similar cells that perform a specific function in an
organism. For example, most plants that live on
land have tissues that transport materials
throughout their bodies.
Plant Cells If you were to look at a plant’s cells
under a microscope, you would see that plants
are eukaryotes. But unlike the cells of some other
eukaryotes, a plant’s cells are enclosed by a cell
wall. The cell wall surrounds the cell membrane
and separates the cell from the environment.
Plant cell walls contain cellulose, a material that
makes the walls rigid. Cell walls are what makes
apples and carrots crunchy. Because their cell
walls are rigid, plant cells look like small boxes.
Plant cells also contain many other structures, as shown in Figure 1. Chloroplasts
(KLAWR uh plasts), which look something like
green jelly beans, are the structures in which
food is made. The Greek word chloro means
“green.” A vacuole is a large storage sac that can
expand and shrink like a balloon. The vacuole
stores many substances, including water, wastes,
and food. A plant wilts when too much water has
left its vacuoles.
What is the function of the vacuole
in a plant cell?

Chloroplast

Nucleus

Cell
wall

Vacuole

L2

Autotrophs
Focus Ask students to give their own
definition of plant. (Accept all reasonable
responses at this point.)
Teach Have students read the boldfaced
sentences in the first paragraph. Point out
that autotrophs convert energy from
sunlight into the chemical energy of the food
they make, which the plants use to live. Ask:
In what structures of the plant cell is food
made? (Chloroplasts)
Apply Ask: Are animals autotrophs? How
do you know? (No, they eat plants or other
animals.) learning modality: verbal
Teaching Resources

Cell
membrane

• Transparency A27
 Single plant cell

FIGURE 1

Plant Cell Structures
Like all plants, this maple tree is
multicellular. Plants have eukaryotic
cells that are enclosed by a cell wall.
Relating Diagrams and Photos Which
cell structures can you see in the inset
photograph of plant cells?

For: Plant Cell Structures
Visit: PHSchool.com
Web Code: cep-1041
Students investigate the structure of
a plant cell.

Independent Practice

L2

Teaching Resources

• Guided Reading and Study Worksheet:
The Plant Kingdom
For: Plant Cell Structures activity
Visit: PHSchool.com
Web Code: cep-1041

Student Edition on Audio CD

Differentiated Instruction
L1
English Learners/Beginning
On
the
Comprehension: Key Concept
board, rewrite the boldface sentences into
individual sentences, but replace difficult
terms such as autotrophs and eukaryotes
with their definitions. Explain each
definition and then read the sentences
aloud, replacing the definitions with the
words they define. learning modality:

verbal

English Learners/Intermediate L2
Comprehension: Key Concept Repeat
the activity at left, but have students write
the sentences, replacing the definitions
with words. learning modality: verbal

Monitor Progress
Answers
Figure 1 Cell walls and chloroplasts
To store food, water, and
wastes

L2
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Adaptations for Living on Land

Adaptations for
Living on Land
Teach Key Concepts

Most plants live on land. How is living on land different from
living in water? Imagine multicellular algae floating in the
ocean. The algae obtain water and other materials directly
from the water around them. Their bodies are held up toward
the sunlight by the water. The water also aids in reproduction,
allowing sperm cells to swim to egg cells.
Now imagine plants living on land. What adaptations
would help them meet their needs without water all around
them? For plants to survive on land, they must have ways to
obtain water and other nutrients from their surroundings,
retain water, transport materials in their bodies, support
their bodies, and reproduce.

L2

Plants Need Water
Focus Tell students that algae live in water
and, as a result, they can obtain water and
nutrients directly from the water.
Teach Ask: What do plants need to survive
on land? (A way to get water and then to
transport it to all plant parts. Also, they need a
way to reproduce without water.) Where do
plants get water and nutrients? (From the
soil) What plant adaptation reduces water
loss? (Cuticle) What is vascular tissue? (A
system of tubelike structures for transporting
water, minerals, and food) learning

FIGURE 2
Retaining Water
Plants have adaptations that help
them retain water. The shiny,
waterproof cuticle on this leaf
slows down evaporation.

modality: logical/mathematical

Obtaining Water and Other Nutrients Recall that all
organisms need water to survive. Obtaining water is easy for
algae because water surrounds them. To live on land, though,
plants need adaptations for obtaining water from the soil. Plants
must also have ways of obtaining other nutrients from the soil.
Retaining Water Plants must have ways of holding onto the
water they obtain. Otherwise, they could easily dry out due to
evaporation. When there is more water in plant cells than in the
air, the water leaves the plant and enters the air. One adaptation
that helps a plant reduce water loss is a waxy, waterproof layer
called the cuticle that covers the leaves of most plants.

Water Loss in Plants

Plant Water Loss

The graph shows how much water a certain
plant loses during the hours shown.
1. Reading Graphs What variable is
plotted along each axis?
2. Interpreting Data According to the
graph, during what part of the day did
the plant lose the most water?
The least water?
3. Drawing Conclusions What could
account for the pattern of water
loss shown?
4. Predicting How would you expect the
graph to look from 10 P.M. to 8 A.M.?
Explain your reasoning.

Answers
1. Horizontal axis—time of day; vertical
axis—water loss
2. Most—midday; least—in the evening.
3. The plant seemed to lose the most water
during the sunniest or warmest parts of the
day.
4. The line graph would descend during the
night and then rise again in the morning
hours, because the water loss is less during
the night when there is no sun.

Water Loss (grams)

Math Skill Interpreting graphs
Focus Tell students that a line graph shows
how two variables are related.
Teach Direct students’ attention to the
graph. Ask: What is this graph showing?
(The amount of water loss in a plant at
different times of the day) How can you tell
how much water the plant lost at 6 P.M.?
(Find 6 P.M. on the horizontal axis. Follow the
vertical line extending up from the 6 P.M.
mark until it hits the graph line. Read across to
the vertical axis value—210 g.) Point out that
the water loss is measured in grams. Ask:
Why is water loss measured in grams rather
than milliliters? (It is easier to measure the
mass of a plant than the volume of water lost
from a plant every hour. The mass of the plant
is measured every hour; then the mass is
subtracted from the measurement made an
hour before.)

240
210
180
150
120
90
0
8 A.M. 10 A.M. Noon

2 P.M. 4 P.M.

Time of Day

6 P.M.

8 P.M. 10 P.M.
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FIGURE 3
Transport and Support
For this tall coconut palm to survive, it must
transport water, minerals, and food over
long distances. It must also support its body
so its leaves are exposed to sunlight.
Relating Cause and Effect What structures
allow plants to transport materials?

L2

Transporting Materials
Materials clear container, blue food
coloring, white carnation
Time 10 minutes for setup and observation,
24 hours waiting time

Support A plant on land must support its own
body. Support is not an issue for small plants that
grow low to the ground. But for larger plants to survive, the plant’s food-making parts must be exposed
to as much sunlight as possible. Rigid cell walls and
vascular tissue strengthen and support the large bodies of these plants.

Food

port water, minerals, food, and other materials from
one part of its body to another. In general, water and
minerals are taken up by the bottom part of the plant,
while food is made in the top part. But all of the
plant’s cells need water, minerals, and food.
In small plants, materials can simply move from
one cell to the next. But larger plants need a more
efficient way to transport materials farther, from one
part of the plant to another. These plants have transporting tissue called vascular tissue. Vascular tissue
is a system of tubelike structures inside a plant
through which water, minerals, and food move.

W a t e r a n d mi n e r a l s

Transporting Materials A plant needs to trans-

Reproduction All plants undergo sexual reproduction that involves fertilization. Fertilization
occurs when a sperm cell unites with an egg cell. The
fertilized egg is called a zygote. For algae and some
plants, fertilization can only occur if there is water in
the environment. This is because the sperm cells of
these plants swim through the water to the egg cells.
Other plants, however, have an adaptation that makes
it possible for fertilization to occur in dry environments. You will learn more about this adaptation in
Chapter 5.

Focus Tell students that this demonstration
will help them see a plant’s vascular system
at work.
Teach Fill the vase with water and add
10 drops of the food coloring. Trim the
carnation stem and place the carnation in
the vase. The next day, ask: What changes
have occurred in the carnation? (The
carnation now has blue streaks on the leaves.)
Allow students to observe the carnation.
Ask: What do you notice about the flower’s
petals? (There are thin streaks of color in the
white petals.)
Apply Ask: How did the coloring reach the
flower? (The blue water must have moved up
the stem of the flower, through the vascular
system.) learning modality: visual

Help Students Read
Active Comprehension Have students
read the first paragraph of Transporting
Materials. Then ask: What would you like to
know about the kinds of things plants need
to transport water? (Sample: How do they
get water? Why can they stand upright?) Write
student responses on the board and have
students read the remainder of the selection.
After students are finished reading, ask them
to respond to each question on the board.

Why do plants need adaptations to
prevent water loss?

Differentiated Instruction
L1
Less Proficient Readers
Pair
less
proficient
Plant Cell Structure
readers with more able readers. Have the
partners draw a large illustration of a cell.
Then have them make several sticky labels
for each cell feature: 1 for nucleus, 2 for
cytoplasm, 1 for cell wall, 1 for vacuole,

and 3 for chloroplast. Have students take
turns placing a sticky in the appropriate
portion of the illustration as they say
a sentence describing the cell part.
For example, “A plant cell has many
chloroplasts.”

Monitor Progress

L2

Oral Presentation Have students briefly
describe several ways that an oak tree is
adapted to live on land.
Answers
Figure 3 Vascular tissues
Because they need water to
survive, and could easily dry
up on land
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Classification of Plants
Teach Key Concepts

L2

Vascular and Nonvascular Plants
Focus Point out to students that scientists
classify plants so that they are easier to study.
Teach Ask: What are the two major groups
of plants? (Vascular and nonvascular) Why
are nonvascular plants short and low to
the ground? (They have no tissue to provide
support or to transport materials.) Why
do nonvascular plants live in damp, shady
places? (Materials must pass directly from the
environment into cells, and then from one cell
to the next. This process is slow, so materials do
not travel far or quickly.)
Apply Ask: Why can vascular plants
survive in a greater variety of
environments than nonvascular plants?
(Because vascular plants have a system to
transport materials to every part of the plant,
they can live in dry as well as damp
environments.) How do angiosperms differ
from gymnosperms? (Angiosperms are
flowering vascular plants. Gymnosperms are
also vascular plants but do not form fruits or
flowers.)

FIGURE 4

Plant Classiﬁcation

Nonvascular Plants

The hundreds of thousands of plants that
exist today can be classiﬁed as either
nonvascular plants or vascular plants.
Nonvascular plants are small and
Nonvascular Plants
live in moist environments.
Vascular plants can grow tall
Nonvascular plants do not have true
and live in diverse habitats.
vascular tissue for support or transport.
Classifying What are
They grow low to the ground.
the three groups of
vascular plants?
 Mosses grow in
damp, shady places.

Liverworts grow on
moist soil and rocks. 

Classification of Plants
Scientists informally group plants into two major groups—
nonvascular plants and vascular plants.
Nonvascular Plants Plants that lack a well-developed system of tubes for transporting water and other materials are
known as nonvascular plants. Nonvascular plants are lowgrowing and do not have roots for absorbing water from the
ground. Instead, they obtain water and materials directly from
their surroundings. The materials then simply pass from one
cell to the next. This means that materials do not travel very far
or very quickly. This slow method of transport helps explain
why most nonvascular plants live in damp, shady places.
Most nonvascular plants have only thin cell walls to provide
support. This is one reason why these plants cannot grow more
than a few centimeters tall.
Vascular Plants Plants with true vascular tissue are called

Introduction to Plants
Show the Video Field Trip to introduce
students to the ways in which plants are
adapted to live in many different
environments. Discussion question: How
does phototropism help a plant to survive?
(By enabling the plant to receive as much light
as possible for photosynthesis)

Introduction to
Plants

Video Preview
Video Field Trip
Video Assessment

vascular plants. Vascular plants are better suited to life in dry
areas than are nonvascular plants. Their well-developed vascular tissue solves the problem of transport, moving materials
quickly and efficiently throughout the plant’s body.
Vascular tissue also provides strength, stability, and support
to a plant. Thus, vascular plants are able to grow quite tall.
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Vascular Plants
Seedless Vascular Plants
Seedless vascular plants
reproduce by making spores.
 The staghorn fern produces
spores at the tips of its
antler-shaped leaves. This
fern clings to the bark of
trees in tropical areas.

Gymnosperms
Gymnosperms are vascular
plants that reproduce by
seeds. They do not form
flowers or fruits.
 Ginkgo trees produce
fleshy seeds that resemble
fruits but are not. The
seeds smell like vomit!

 The bristlecone
pine can live for
more than
4,000 years.

L2

Local Plant Diversity
Focus Ask students how many different
kinds of plants they think they could find
around the school in 15 minutes.
Teach Take students on a walk around the
school and have them record a description
of as many different plant species they can
find in 15 minutes. Each description should
include where the plant was found, the
plant’s estimated size, any distinguishing
characteristics, and a quick sketch of the
plant. Allow students to work in pairs. One
student can sketch while the partner records
the description.
Apply Have students use their descriptions
and the information in Figure 4 to classify
the plants they recorded. learning
modality: visual

Angiosperms
Angiosperms are vascular plants
that flower, and produce seeds
that are surrounded by fruit.
The beavertail cactus
produces brilliantly
colored flowers. 

Wheat has been an
important food crop
for thousands of years.
The grains, or fruits, are
ground to make flour. 

Differentiated Instruction
L1
English Learners/Beginning
Vocabulary: Word Analysis Contrast
the meanings of vascular and nonvascular.
Point out that the prefix non- sometimes
means “not” and that words without this
prefix may mean the opposite of words
with the prefix. Explore the meanings of
sense/nonsense and essential/nonessential.

learning modality: verbal

L2
English Learners/Intermediate
Vocabulary: Word Analysis Repeat
the activity at left, but have students
speak or write sentences using the terms.

learning modality: verbal

Monitor Progress
Skills Check Ask students to explain the
difference between vascular plants and
nonvascular plants.
Answers
Figure 4 Seedless vascular plants,
gymnosperms, and angiosperms

L2
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L2

Rock containing
two plant fossils 

Algae and Plants
Materials microscope, samples of green
algae, plant leaves, glass slides, tweezers,
water, cover slips, dropper
Time 30 minutes
Focus Have students observe the algae and
plant leaves without magnification. Ask:
How are the algae and plant leaves alike?
(Both are green.)
Teach Caution students that glass slides and
cover slips are fragile. Have students place a
drop of water containing the algae on a glass
slide and cover it with a cover slip. Students
should look at the algae slide and plant cross
section under the microscope. Have students
draw what they see and ask them to compare
the cells in each. Ask: What evidence did you
see to support the idea that plants are
descended from green algae? (Sample
answer: Both types of cells contain chlorophyll.)
Encourage students to speculate on how
scientists determined that the chlorophyll in
the algae and the leaf was the same. (Sample:
They performed chemical tests to find the
chemical structure.) learning modality:
visual

Complex Life Cycles
Teach Key Concepts
Sporophyte and Gametophyte
Focus Have students study Figure 6 and
note that the plant life cycle alternates
between two phases.
Teach Have students follow the diagram as
you explain what is happening at each stage.
Apply Ask: Which stage involves sexual
reproduction? How can you tell? (The
gametophyte stage; because the plant produces
sperm cells and egg cells that join to become a
zygote) learning modality: logical/
mathematical

Teaching Resources

• Transparency A28

Origin of Plants Which organisms were the ancestors of
today’s plants? In search of answers, biologists studied fossils,
the traces of ancient life forms preserved in rock and other substances. The oldest plant fossils are about 400 million years old.
The fossils show that even at that early date, plants already had
many adaptations for life on land, including vascular tissue.
Better clues to the origin of plants came from comparing the
chemicals in modern plants to those in other organisms. In particular, biologists studied a green pigment called chlorophyll
(KLAWR uh fil), found in the chloroplasts of plants, algae, and
some bacteria. Land plants and green algae contain the same
forms of chlorophyll. This evidence led biologists to infer that
ancient green algae were the ancestors of today’s land plants. Further comparisons of genetic material clearly showed that plants
and green algae are very closely related. In fact, some scientists
think that green algae should be classified in the plant kingdom.
FIGURE 5
Ancient and Modern Plants
Fossils of ancient plants help
scientists understand the origin of
plants. These fossils are of two
plants that lived about 300 million
years ago. Notice the similarities
between the fossils and modernday ferns and horsetails.

What is chlorophyll?

Complex Life Cycles
Plants have complex life cycles that include two different
stages, the sporophyte stage and the gametophyte stage.
In the sporophyte (SPOH ruh fyt) stage, the plant produces
spores, tiny cells that can grow into new organisms. A spore
develops into the plant’s other stage, called the gametophyte.
In the gametophyte (guh MEE tuh fyt) stage, the plant produces two kinds of sex cells: sperm cells and egg cells.
Figure 6 shows a typical plant life cycle. A sperm cell and
egg cell join to form a zygote. The zygote then develops into a
sporophyte. The sporophyte produces spores, which develop
into the gametophyte. Then the gametophyte produces sperm
cells and egg cells, and the cycle starts again. The sporophyte
of a plant usually looks quite different from the gametophyte.
During which stage does a plant produce spores?
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FIGURE 6
Plant Life Cycle
Plants have complex life cycles that consist
of two stages—the sporophyte stage
and the gametophyte stage.
Interpreting Diagrams During
which stage are sperm and
egg cells produced?

Monitor Progress

L2

Answers
Figure 6 The gametophyte stage
A green pigment found in
the chloroplasts of plants,
algae, and some bacteria.
The sporophyte stage
Sporophyte Stage

Produces
spores

Assess

Fertilization
produces a
zygote

Reviewing Key Concepts

Gametophyte Stage
Produces
sperm cells

Produces
egg cells

Sperm cells

Egg cells

1

Section 1 Assessment

Target Reading Skill Building Vocabulary
Use your sentences to help you answer the
questions below.
Reviewing Key Concepts
1. a. Listing List three characteristics of plants.
b. Comparing and Contrasting Describe three
ways that plant cells differ from the cells of
some other eukaryotes.
c. Predicting How might a plant cell be affected
if it lacked chloroplasts?
2. a. Identifying What are five adaptations that
plants need to survive on land?
b. Inferring Why is a cuticle a useful adaptation
in plants but not in algae?
3. a. Reviewing How do vascular plants differ
from nonvascular plants?

b. Explaining Explain why vascular plants are

better suited to life in dry areas.
c. Classifying Would you expect a tall desert

plant to be a vascular plant? Explain.
4. a. Describing What are the two major stages of

a plant’s life cycle?
b. Sequencing Describe in order the major

events in the life cycle of a plant, starting
with a zygote.

Video Script You are narrating a video
called Living on Land, which is written from
the perspective of a plant. Write a one-page
script for your narration. Be sure to discuss
the challenges that life on land poses for
plants and how they meet their needs.

1. a. multicellular, autotrophic eukaryotes
with cell walls b. Plant cells have a cell wall,
chloroplasts, and vacuoles. c. Sample
answer: It would not be able to produce
food.
2. a. They must be able to obtain water
and other materials from their environment,
retain moisture, support their bodies,
transport materials throughout their bodies,
and reproduce. b. Because algae live in
water, they have less problem with water loss.
3. a. Vascular plants have tissues for moving
water and other materials throughout the
entire plant; nonvascular plants do not.
b. Vascular plants can move water and food
through the plant body quickly. c. Yes,
because of the scarcity of water in the desert,
a tall plant must have vascular tissue to
supply its cells with water. Nonvascular
plants are low-growing with no roots for
absorbing water.
4. a. sporophyte and gametophyte b. A
zygote develops into a sporophyte. The
sporophyte produces spores that develop
into the gametophyte. The gametophyte
produces egg and sperm cells. A sperm cell
and egg cell unite to form a zygote and the
cycle continues.

Reteach

L1

Have students make a chart listing the
adaptations plants need to live on land and
identify the adaptations as belonging to
vascular plants.

Performance Assessment
Keep Students on Track Check to see
that students have chosen their interactive
exhibit item. Caution students who may
have chosen an item whose production
process is complicated and perhaps beyond
students’ limits. Meet with students and ask
them to explain the next steps they plan to
complete and what research tools they plan
to use.

Writing Mode Video Script
Scoring Rubric
4 Script includes accurate details about
plant challenges and how plants meet them;
writing is engaging
3 Includes all criteria; writing is
unimaginative
2 Includes a few details
1 Includes inaccurate or irrelevant
information

L2

Writing Have each student write
paragraphs identifying several ways that
an oak tree is adapted to live on land.
Teaching Resources

• Section Summary: The Plant Kingdom
• Review and Reinforce: The Plant Kingdom
• Enrich: The Plant Kingdom
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Technology and
Society

Paper
What do a dollar bill, your report card, and a comic book
have in common? They are all printed on paper, of course!
But where does paper come from? As shown here, paper is
made through a process that typically starts with wood
from trees. The papermaking process was first invented in
China about 2,000 years ago. Today, paper mills around the
world rely on powerful machines to produce huge
quantities of paper.

Paper
Key Concept
Evaluate the benefits of using electronic
paper versus traditional paper.

Build Background Knowledge
Have students look around the classroom
and name all the products they can that are
made of paper. Point out that educating
students at all levels has been made possible
for centuries through printed books. Ask a
student volunteer to read the steps in making
paper. Have the class identify the resources
that are used to make paper. (Trees, energy
in the form of heat, chemicals, and water)
Remind students that even though paper
can be recycled, it still remains the single
largest component of waste in solid landfills.
Explain that paper can be recycled only so
many times.

Introduce the Debate
Have a student volunteer read the
paragraphs The Benefits of Paper and Paper
and the Environment. Ask: What are some
advantages and disadvantages of using
paper? (The advantages are that many
everyday items are made of paper, paper is
inexpensive, and many people are employed
in the paper industry. Disadvantages are
that resources are used, making paper creates
wastes—including dioxins—and paper creates
a lot of garbage in landfills.) What is the chief
advantage of e-paper? (It does not have the
same environmental costs as paper.)

1 Trees are grown and harvested.
Paper is produced mostly from trees that
are grown for this specific purpose.
4 Pulp is formed.
Heat and chemicals
break down the
chips into fibers
called pulp.

2 Logs are de-barked.
The de-barker
removes the bark
from the logs.

3 Wood chips are made.
The chipper chops the
wood into small pieces.

Background
History of Science The first recorded
effort to make paper was in A.D. 105 by a
man in China named Ts’ai Lun. He mashed
rags, bamboo, and mulberry wood into a
liquid pulp, filtered the pulp on a screen,
lifted out a sheet, and let it dry. Over the
past 2,000 years, the basic process of
making paper has not changed, though the
techniques have changed, for example,

using different chemicals in the pulping
process. E-paper is a major departure from
traditional paper. E-paper contains a layer
of black and white ink and a layer of tiny
electronic circuits. When different voltages
are applied to the paper, different patterns
of the white and black inks form to
produce words and images.
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The Beneﬁts of Paper

Paper and the Environment

Paper benefits society in so many ways. Many
everyday items are made out of paper—tissues,
paper cups, and cardboard packaging. Perhaps
most important, paper is used as a portable,
inexpensive way to print words and images.
Throughout time, paper has allowed people to
express their thoughts, record history, and share
knowledge. In addition, the paper industry
employs many people, and generates income for
the economy.

Paper has negative impacts on the environment. Each
step in the papermaking process requires energy and
produces wastes. Some of these wastes, such as
dioxins, are toxic. Dioxins form when water is used to
flush chemicals from the paper. Paper products also
make up a lot of the garbage in landfills. Because of
the environmental costs, engineers are working to
create a new type of “paper” called electronic paper,
or e-paper. Someday soon, you might use flexible,
ultra-thin, digital screens instead of paper.

1. Identify the Need
How does society rely on paper?
How would your life be different
if paper had never been invented?

5 Water is added.
Water is added to the
pulp to form slush. The
slush is then sprayed onto
wide screens. The water
begins to drain off.
6 Water is removed.
The paper is squeezed
through several
presses to remove
the excess water.

2. Research
Use the Internet to investigate
e-paper, a new technology that
may replace traditional paper. List
some potential uses of e-paper.
3. Write
Write a paragraph or two
comparing e-paper and regular
paper. Be sure to include the pros
and cons of both technologies
based on your research.
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Facilitate the Debate
• Divide the class into small groups, and
have each group member represent a
different viewpoint on whether e-paper
should replace traditional paper.
Students might represent a person
who works for the paper industry, a
person whose business relies on paper
(such as a bookstore), an ecologist or
conservationist, and a citizen. Provide
time for the groups to discuss the pros
and cons of the widespread use of e-paper.
• After the group discussions, bring the class
together to share some of the points
discussed in the groups.

Weigh the Impact
1. Society relies on paper for printed words

and images, and for everyday items, such
as paper cups and cardboard packaging.
Possible answer: My life would be different
because I would not have had books,
magazines, or newspapers to read, and
writing would be limited.
2. Possible uses of e-paper include electronic
billboards, downloading entire texts of
books, downloading daily news instead of
getting a paper newspaper, and downloading
e-mails from the Internet.
3. Paragraphs should include the factors
mentioned in the feature as well as others
learned through research. Most students will
recognize that e-paper is designed to replace
only paper with text and images, not all uses
of traditional paper.
For: More on paper
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7 Paper is dried.
Heated rollers dry the paper,
making it flat and smooth.

Students can research this issue online.

Extend
Encourage students to research the following
on newspapers: 1) the amount of landfill
space they take up; 2) the number of trees
used to print them; and 3) the amount of
energy used to produce them. Explain that
these numbers represent resources saved if
e-paper is used instead of newspapers.

