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Academic Standard—4: Students recognize that plants and animals obtain energy in different
ways, and they can describe some of the internal structures of organisms related to this function. They examine the similarities and differences between humans and other species. They use
microscopes to observe cells and recognize cells as the building blocks of all life.
Also covers: Academic Standards 2, 5 (Detailed standards begin on page IN8.)

Plants

sections
1 An Overview of Plants
2 Seedless Plants
3 Seed Plants
Lab Identifying Conifers
Lab Plants as Medicine
Virtual Lab What is the life
cycle of a simple plant?
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How are all plants alike?
Plants are found nearly everywhere on
Earth. A tropical rain forest like this one is
crowded with lush, green plants. When you
look at a plant, what do you expect to see?
Do all plants have green leaves? Do all plants
produce flowers and seeds?
Science Journal Write three characteristics that you
think all plants have in common.
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Start-Up Activities

How do you use plants?
Plants are just about everywhere—in parks
and gardens, by streams, on rocks, in houses,
and even on dinner plates. Do you use plants
for things other than food?

Plants Make the following
Foldable to help identify what
you already know, what you want
to know, and what you learned about plants.
STEP 1 Fold a vertical sheet
of paper from side to
side. Make the front
edge 1.25 cm shorter
than the back edge.

1. Brainstorm with two other classmates and

2.
3.
4.
5.

make a list of everything that you use in a
day that comes from plants.
Compare your list with those of other
groups in your class.
Search through old magazines for images
of the items on your list.
As a class, build a bulletin board display of
the magazine images.
Think Critically In your Science Journal,
list things that were made from plants
100 years or more ago but today are made
from plastics, steel, or some other material.

STEP 2 Turn lengthwise
and fold into thirds.
STEP 3 Unfold and cut only the top layer
along both folds to make three tabs.

STEP 4 Label each tab as shown.
Know?

Preview this chapter’s content
and activities at
in6.msscience.com

Like to
know?

Learned?

Identify Questions Before you read the chapter, write what you already know about plants
under the left tab of your Foldable, and write
questions about what you’d like to know under
the center tab. After you read the chapter, list
what you learned under the right tab.
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Standards—6.4.3: Describe some of the great variety of body plans and internal structures…plants have that
contribute to their being able to make…food.… 6.4.6: Distinguish the main differences between plant and
animal cells, such as the presence of chlorophyll and cell walls in plant cells.… 6.4.8: …Note that in any
environment, the growth and survival of organisms depend on the physical conditions.
Also covers: 6.4.1, 6.4.5, 6.4.10 (Detailed standards begin on page IN8.)

An Overview of Plants
What is a plant?
■
■

■

Identify characteristics common
to all plants.
Explain which plant adaptations
make it possible for plants to
survive on land.
Compare and contrast vascular
and nonvascular plants.

Plants produce food and oxygen,
which are required for life by most
organisms on Earth.

What is the most common sight you see when you walk
along nature trails in parks like the one shown in Figure 1?
Maybe you’ve taken off your shoes and walked barefoot on soft,
cool grass. Perhaps you’ve climbed a tree to see what things look
like from high in its branches. In each instance, plants surrounded you.
If you named all the plants that you know, you probably
would include trees, flowers, vegetables, fruits, and field crops
like wheat, rice, or corn. Between 260,000 and 300,000 plant
species have been discovered and identified. Scientists think
many more species are still to be found, mainly in tropical rain
forests. Plants are important food sources to humans and other
consumers. Without plants, most life on Earth as we know it
would not be possible.

Review Vocabulary
species: organisms that share
similar characteristics and can
mate with one another to
produce fertile offspring

New Vocabulary

•• cuticle
cellulose
plant
•• vascular
nonvascular plant

Figure 1 All plants are manycelled and nearly all contain
chlorophyll. Grasses, trees, shrubs,
mosses, and ferns are all plants.
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Plant Characteristics Plants range in size from microscopic water ferns to giant sequoia trees that are sometimes
more than 100 m in height. Most have roots or rootlike structures that hold them in the ground or onto some other object
like a rock or another plant. Plants are adapted to nearly every
environment on Earth. Some grow in frigid, ice-bound polar
regions and others grow in hot, dry deserts. All plants need
water, but some plants cannot live unless they are submerged in
either freshwater or salt water.
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Plant Cells Like other living things, plants are made of cells.
A plant cell has a cell membrane, a nucleus, and other cellular
structures. In addition, plant cells have cell walls that provide
structure and protection. Animal cells do not have cell walls.
Many plant cells contain the green pigment chlorophyll
(KLOR uh fihl) so most plants are green. Plants need chlorophyll
to make food using a process called photosynthesis. Chlorophyll
is found in a cell structure called a chloroplast. Plant cells from
green parts of the plant usually contain many chloroplasts.
Most plant cells have a large, membrane-bound structure
called the central vacuole that takes up most of the space inside
of the cell. This structure plays an important role in regulating
the water content of the cell. Many substances are stored in the
vacuole, including the pigments that make some flowers red,
blue, or purple.

Indiana Academic
Standard Check
6.4.6: Distinguish the main differences between plant and animal
cells, such as the presence of chlorophyll and cell walls in plant cells
and their absence in animal cells.
Which plant cell structures
contain chlorophyll?

Origin and Evolution of Plants
Have plants always existed on land? The first plants that lived
on land probably could survive only in damp areas. Their ancestors were probably ancient green algae that lived in the sea. Green
algae are one-celled or many-celled organisms that use photosynthesis to make food. Today, plants and green algae have the
same types of chlorophyll and carotenoids (kuh RAH tun oydz)
in their cells. Carotenoids are red, yellow, or orange pigments
that also are used for photosynthesis. These facts lead scientists
to think that plants and green algae have a common ancestor.
How are plants and green algae alike?

Figure 2 This is a fossil of a
plant named Cooksonia. These
plants grew about 420 million
years ago and were about
2.5 cm tall.

Fossil Record The fossil record for plants is not
like that for animals. Most animals have bones or
other hard parts that can fossilize. Plants usually
decay before they become fossilized. The oldest fossil
plants are about 420 million years old. Figure 2 shows
Cooksonia, a fossil of one of these plants. Other fossils
of early plants are similar to the ancient green algae.
Scientists hypothesize that some of these early plants
evolved into the plants that exist today.
Cone-bearing plants, such as pines, probably
evolved from a group of plants that grew about
350 million years ago. Fossils of these plants have
been dated to about 300 million years ago. It is estimated that flowering plants did not exist until about
120 million years ago. However, the exact origin of
flowering plants is not known.
SECTION 1 An Overview of Plants
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Indiana Academic
Standard Check
6.4.8: … Note that in any
environment, the growth and
survival of organisms depend on
the physical conditions.
What physical condition of a
land environment was the development of a plant’s cuticle an
adaptation to?

Figure 3 The alga Spirogyra,
like all algae, must have water to
survive. If the pool where it lives
dries up, it will die.

Life on Land
Life on land has some advantages for plants. More sunlight
and carbon dioxide—needed for photosynthesis—are available
on land than in water. During photosynthesis, plants give off
oxygen. Long ago, as more and more plants adapted to life on
land, the amount of oxygen in Earth’s atmosphere increased.
This paved the way for organisms that depend on oxygen.

Adaptations to Land
What is life like for green algae, shown in Figure 3, as they
float in a shallow pool? The water in the pool surrounds and
supports them as the algae make their own food through the
process of photosynthesis. Because materials can enter and leave
through their cell membranes and cell walls, the algae cells have
everything they need to survive as long as they have water.
Now, imagine a summer drought. The pool begins to dry up.
Soon, the algae are on damp mud and are no longer supported
by water. As long as the soil stays damp, materials can move in
and out through the algae’s cell membranes and cell walls. As the
soil becomes drier and drier, the algae will lose water too
because water moves through their cell membranes and cell
walls from where there is more water to where there is less water.
Without enough water in their environment, the algae will die.

Protection and Support Water is important for plants.
LM Magnification: 22

What adaptations would help a plant conserve water on land?
Covering the stems, leaves, and flowers of many plants is a cuticle
(KYEW tih kul)—a waxy, protective layer secreted by cells onto
the surface of the plant. The cuticle slows
the loss of water. The cuticle and other adaptations shown in Figure 4 enable plants to survive on land.
What is the function of a
plant’s cuticle?

Supporting itself is another problem for
a plant on land. Like all cells, plant cells
have cell membranes, but they also have rigid
cell walls outside the membrane. Cell walls
contain cellulose (SEL yuh lohs), which is a
chemical compound that plants can make out
of sugar. Long chains of cellulose molecules
form tangled fibers in plant cell walls. These
fibers provide structure and support.
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Figure 4 Plants have many characteristics
that make them well adapted to life on land.
Color-enhanced SEM Magnification: 50

A waxy cuticle slows water
loss from leaves and other
plant parts.

Structures like these
vessels help distribute
materials in plants.
Color-enhanced SEM
Magnification: 9600

Cellulose is found in
plant cell walls and helps
support land plants.

Seeds produced by plants
have a waterproof coating to
protect them from drying out.

Other Cell Wall Substances Cells of some plants secrete
other substances into the cellulose that make the cell wall even
stronger. Trees, such as oaks and pines, could not grow without
these strong cell walls. Wood from trees can be used for construction mostly because of strong cell walls.
Life on land means that each plant cell is not surrounded by
water and dissolved nutrients that can move into the cell.
Through adaptations, structures developed in many plants that
distribute water, nutrients, and food to all plant cells. These
structures also help provide support for the plant.
Reproduction Changes in reproduction were necessary if
plants were to survive on land. The presence of water-resistant
spores helped some plants reproduce successfully. Other plants
adapted by producing water-resistant seeds in cones or in flowers that developed into fruits.

Cellulose Plant cell walls
are made mostly of cellulose. A French scientist
first isolated and identified the chemical composition of cellulose in 1838,
while analyzing the
chemical makeup of
wood. Choose a type of
wood and research to
learn the uses of that
wood. Make a classroom
display of research
results.

SECTION 1 An Overview of Plants
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VISUALIZING PLANT CLASSIFICATION
Figure 5
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Classification of Plants
The plant kingdom is classified into major groups
called divisions. A division is the same as a phylum in
other kingdoms. Another way to group plants is as
vascular (VAS kyuh lur) or nonvascular plants, as
illustrated in Figure 5. Vascular plants have tubelike
structures that carry water, nutrients, and other substances throughout the plant. Nonvascular plants do
not have these tubelike structures and use other ways
to move water and substances.

Naming Plants Why do biologists call a pecan

Shasta daisy,
Chrysanthemum
maximum

African daisy,
Dimorphotheca
aurantiaca

tree Carya illinoiensis and a white oak Quercus alba?
They are using words that accurately name the plant.
In the third century B.C., most plants were grouped as
trees, shrubs, or herbs and placed into smaller groups
by leaf characteristics. This simple system survived
until late in the eighteenth century when a Swedish
botanist, Carolus Linnaeus, developed a new system. His new
system used many characteristics to classify a plant. He also
developed a way to name plants called binomial nomenclature
(bi NOH mee ul • NOH mun klay chur). Under this system,
every plant species is given a unique two-word name like the
names above for the pecan tree and white oak and for the two
daisies in Figure 6.

Summary
What is a plant?
All plant cells are surrounded by a cell wall.
Many plant cells contain chlorophyll.
Origin and Evolution of Plants
Ancestors of land plants were probably
ancient green algae.
Adaptations to Land
A waxy cuticle helps conserve water.
Cellulose strengthens cell walls.
Classification of Plants
The plant kingdom is divided into two
groups—nonvascular plants and vascular
plants.
Vascular tissues transport nutrients.

•
•
•
•
•
•
•

Figure 6 Although these two
plants are both called daisies, they
are not the same species of plant.
Using their binomial names helps
eliminate the confusion that might
come from using their common
names.

Self Check
1. List the characteristics of plants.
2. Compare and contrast the characteristics of vascular
and nonvascular plants.
3. Identify three adaptations that allow plants to survive
on land.
4. Explain why binomial nomenclature is used to name
plants.
5. Thinking Critically If you left a board lying on the
grass for a few days, what would happen to the grass
underneath the board? Why?

6. Form a hypothesis about adaptations a land plant
might undergo if it lived submerged in water.

in6.msscience.com/self_check_quiz
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Standard—6.4.3: Describe some of the great variety of body plans and internal structures animals and plants
have that contribute to their being able to make or find food and reproduce.

Also covers: 6.5.7 (Detailed standards begin on page IN8.)

Seedless Plants
Seedless Nonvascular Plants
■

■

Distinguish between characteristics of seedless nonvascular
plants and seedless vascular
plants.
Identify the importance of some
nonvascular and vascular plants.

Seedless plants are among the first
to grow in damaged or disturbed
environments and help build soil for
the growth of other plants.

Review Vocabulary
spore: waterproof reproductive
cell

New Vocabulary

••

rhizoid
pioneer species

Figure 7 The seedless nonvascular plants include mosses, liverworts, and hornworts.

Close-up of moss plants

380

If you were asked to name the parts of a plant, you probably
would list roots, stems, leaves, and flowers. You also might
know that many plants grow from seeds. However, some plants,
called nonvascular plants, don’t grow from seeds and they do not
have all of these parts. Figure 7 shows some common types of
nonvascular plants.
Nonvascular plants are usually just a few cells thick and only
2 cm to 5 cm in height. Most have stalks that look like stems and
green, leaflike growths. Instead of roots, threadlike structures
called rhizoids (RI zoydz) anchor them where they grow. Most
nonvascular plants grow in places that are damp. Water is
absorbed and distributed directly through their cell membranes
and cell walls. Nonvascular plants also do not have flowers or
cones that produce seeds. They reproduce by spores. Mosses, liverworts, and hornworts are examples of nonvascular plants.

Mosses Most nonvascular plants are classified as mosses, like
the ones in Figure 7. They have green, leaflike growths
arranged around a central stalk. Their rhizoids are made of
many cells. Sometimes stalks with caps grow from moss plants.
Reproductive cells called spores are produced in the caps of
these stalks. Mosses often grow on tree trunks and rocks or the
ground. Although they commonly are found in damp areas,
some are adapted to living in deserts.
Close-up of a liverwort

CHAPTER 13 Plants
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Figure 8 Mosses can grow in
the thin layer of soil that covers
these rocks.
Indiana Academic
Standard Check
6.4.3: Describe some of the great
variety of … internal structures …
plants have … to make … food.…
Why are hornwort cells
different from cells of other
nonvascular plants?

Liverworts In the ninth century, liverworts were thought to
be useful in treating diseases of the liver. The suffix -wort means
“herb,” so the word liverwort means “herb for the liver.”
Liverworts are rootless plants with flattened, leaflike bodies, as
shown in Figure 7. They usually have one-celled rhizoids.

Hornworts Most hornworts are less than 2.5 cm in diameter
and have a flattened body like liverworts, as shown in Figure 7.
Unlike other nonvascular plants, almost all hornworts have only
one chloroplast in each of their cells. Hornworts get their name
from their spore-producing structures, which look like tiny
horns of cattle.

Nonvascular Plants and the
Environment Mosses and liverworts
are important in the ecology of many areas. Although they
require moist conditions to grow and reproduce, many of
them can withstand long, dry periods. They can grow in thin
soil and in soils where other plants could not grow, as shown
in Figure 8.
Spores of mosses and liverworts are carried by the wind.
They will grow into plants if growing conditions are right.
Mosses often are among the first plants to grow in new or disturbed environments, such as lava fields or after a forest fire.
Organisms that are the first to grow in new or disturbed areas
are called pioneer species. As pioneer plants grow and die,
decaying material builds up. This, along with the slow breakdown of rocks, builds soil. When enough soil has formed, other
organisms can move into the area.
Why are pioneer plant species important in
disturbed environments?

Measuring Water
Absorption by a Moss
Procedure
1. Place a few teaspoons of
Sphagnum moss on a piece
of cheesecloth. Gather the
corners of the cloth and
twist, then tie them
securely to form a ball.
2. Weigh the ball.
3. Put 200 mL of water in a
container and add the
ball.
4. After 15 min, remove the
ball and drain the excess
water into the container.
5. Weigh the ball and measure the amount of water
left in the container.
6. Wash your hands after
handling the moss.
Analysis
In your Science Journal,
calculate how much water
was absorbed by the
Sphagnum moss.

SECTION 2 Seedless Plants
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Seedless Vascular Plants
Topic: Medicinal Plants
Visit in6.msscience.com for Web
links to information about plants
used as medicines.

Activity In your Science Journal,
list four medicinal plants and their
uses.

The fern in Figure 9 is growing next to some moss plants.
Ferns and mosses are alike in one way. Both reproduce by spores
instead of seeds. However, ferns are different from mosses
because they have vascular tissue. The vascular tissue in seedless
vascular plants, like ferns, is made up of long, tubelike cells.
These cells carry water, minerals, and food to cells throughout
the plant. Why is vascular tissue an advantage to a plant?
Nonvascular plants like the moss are usually only a few cells
thick. Each cell absorbs water directly from its environment. As
a result, these plants cannot grow large. Vascular plants, on the
other hand, can grow bigger and thicker because the vascular
tissue distributes water and nutrients to all plant cells.

What is the value of rain forests?
hroughout history, cultures have used
plants for medicines. Some cultures used
willow bark to cure headaches. Willow bark
contains salicylates (suh LIH suh layts), the
main ingredient in aspirin. Heart problems
were treated with foxglove, which is the
main source of digitalis (dih juh TAH lus), a
drug prescribed for heart problems. Have all
medicinal plants been identified?

T

Identifying the Problem
Tropical rain forests have the largest
variety of organisms on Earth. Many plant
species are still unknown. These forests are
being destroyed rapidly. The map below shows
the rate of destruction of the rain forests.
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Some scientists estimate that most tropical
rain forests will be destroyed in 30 years.

Solving the Problem
1. What country has the most rain forest
destroyed each year?
2. Where can scientists go to study rain
forest plants before the plants are
destroyed?
3. Predict how the destruction of rain
forests might affect research on new
drugs from plants.
Deforested annually (km2)
more than 15,000
2,000 to 14,800
100 to 1,900
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Types of Seedless Vascular Plants
Besides ferns, seedless vascular plants
include ground pines, spike mosses, and
horsetails. About 1,000 species of ground
pines, spike mosses, and horsetails are
known to exist. Ferns are more abundant,
with at least 12,000 known species. Many
species of seedless vascular plants are known
only from fossils. They flourished during the
warm, moist period 360 million to 286 million years ago. Fossil records show that some
horsetails grew 15 m tall, unlike modern
species, which grow only 1 m to 2 m tall.

Ferns The largest group of seedless vascular plants is the ferns. They include many
different forms, as shown in Figure 10. They have stems, leaves,
and roots. Fern leaves are called fronds. Ferns produce spores in
structures that usually are found on the underside of their
fronds. Thousands of species of ferns now grow on Earth, but
many more existed long ago. From clues left in rock layers, scientists infer that about 360 million years ago much of Earth was
tropical. Steamy swamps covered large areas. The tallest plants
were species of ferns. The ancient ferns grew as tall as
25 m—as tall as the tallest fern species alive today. Most modern
tree ferns are about 3 m to 5 m in height and grow in tropical
regions of the world.

The sword fern has a typical fern
shape. Spores are produced in structures on the back of the frond.

Figure 9 The mosses and ferns
pictured here are seedless plants.
Explain why the fern can grow
taller than the moss.

Figure 10 Ferns come in many
different shapes and sizes.

Tree ferns, like this one in Hawaii,
This fern grows on other plants, not
grow in tropical areas.
in the soil.
Infer why it’s called the staghorn fern.
SECTION 2 Seedless Plants
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Club Mosses Ground pines and spike mosses are
groups of plants that often are called club mosses.
They are related more closely to ferns than to
mosses. These seedless vascular plants have needlelike leaves. Spores are produced at the end of the
stems in structures that look like tiny pine cones.
Ground pines, shown in Figure 11, are found from
arctic regions to the tropics, but rarely in large numbers. In some areas, they are endangered because
they have been over collected to make wreaths and
other decorations.
Where are spores in club mosses
produced?

Figure 11 Photographers once
used the dry, flammable spores of
club mosses as flash powder. It
burned rapidly and produced the
light that was needed to take
photographs.

Spike mosses resemble ground pines. One species of spike
moss, the resurrection plant, is adapted to desert conditions.
When water is scarce, the plant curls up and seems dead. When
water becomes available, the resurrection plant unfurls its green
leaves and begins making food again. The plant can repeat this
process whenever necessary.

Horsetails The stem structure of horsetails is unique among

Figure 12 Most horsetails grow
in damp areas and are less than
1 m tall.
Identify where spores would be
produced on this plant.

the vascular plants. The stem is jointed and has a hollow center
surrounded by a ring of vascular tissue. At each joint, leaves
grow out from around the stem. In Figure 12, you can see these
joints. If you pull on a horsetail stem, it will pop apart in sections. Like the club mosses, spores from horsetails are produced
in a conelike structure at the tips of some stems. The stems of
the horsetails contain silica, a gritty substance found in sand.
For centuries, horsetails have been used for polishing objects,
sharpening tools, and scouring cooking utensils. Another common name for horsetails is scouring rush.

Importance of
Seedless Plants
When many ancient seedless plants died,
they became submerged in water and mud
before they decomposed. As this plant material built up, it became compacted and compressed and eventually turned into coal—a
process that took millions of years.
Today, a similar process is taking place in
bogs, which are poorly drained areas of land
that contain decaying plants. The plants in bogs
are mostly seedless plants like mosses and ferns.

(t)Joy Spurr/Bruce Coleman, Inc., (b)W.H. Black/Bruce Coleman, Inc.
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Peat When bog plants die, the waterlogged soil
slows the decay process. Over time, these decaying
plants are compressed into a substance called peat.
Peat, which forms from the remains of sphagnum
moss, is mined from bogs to use as a low-cost fuel
in places such as Ireland and Russia, as shown in
Figure 13. Peat supplies about one-third of
Ireland’s energy requirements. Scientists hypothesize that over time, if additional layers of soil bury,
compact, and compress the peat, it will become coal.

Uses of Seedless Vascular Plants Many
people keep ferns as houseplants. Ferns also are sold
widely as landscape plants for shady areas. Peat and
sphagnum mosses also are used for gardening. Peat
is an excellent soil conditioner, and sphagnum
moss often is used to line hanging baskets. Ferns also are used as
weaving material for basketry.
Although most mosses are not used for food, parts of many
other seedless vascular plants can be eaten. The rhizomes and
young fronds of some ferns are edible. The dried stems of one type
of horsetail can be ground into flour. Seedless plants have been
used as folk medicines for hundreds of years. For example, ferns
have been used to treat bee stings, burns, fevers, and even dandruff.

Figure 13 Peat is cut from bogs
and used for a fuel in some parts of
Europe.

Summary

Self Check

Seedless Nonvascular Plants
Seedless nonvascular plants include mosses,
liverworts, and hornworts.
They are usually only a few cells thick and no
more than a few centimeters tall.
They produce spores rather than seeds.

1. Compare and contrast the characteristics of mosses
and ferns.
2. Explain what fossil records tell about seedless plants
that lived on Earth long ago.
3. Identify growing conditions in which you would expect
to find pioneer plants such as mosses and liverworts.
4. Summarize the functions of vascular tissues.
5. Think Critically The electricity that you use every day
might be produced by burning coal. What is the connection between electricity production and seedless
vascular plants?

•
•
•
•
•

Seedless Vascular Plants
Seedless vascular plants include ferns, club
mosses, and horsetails.
Vascular plants grow taller and can live farther
from water than nonvascular plants.
Importance of Seedless Plants
Nonvascular plants help build new soil.
Coal deposits formed from ancient seedless
plants that were buried in water and mud
before they began to decay.

•
•

6. Use Fractions Approximately 8,000 species of liverworts and 9,000 species of mosses exist today.
Estimate what fraction of these seedless nonvascular
plants are mosses.

in6.msscience.com/self_check_quiz
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Standards—6.4.3: Describe some of the great variety of body plans and internal structures animals and plants
have that contribute to their being able to make or find food and reproduce. 6.4.6: Distinguish the main differences between plant and animal cells, such as the presence of chlorophyll and cell walls in plant cells and
their absence in animal cells.
Also covers: 6.2.6, 6.2.7, 6.4.1, 6.4.13 (Detailed standards begin on page IN8.)

Seed Plants
Characteristics of Seed Plants
■
■
■

■

Identify the characteristics of
seed plants.
Explain the structures and functions of roots, stems, and leaves.
Describe the main characteristics
and importance of gymnosperms
and angiosperms.
Compare similarities and
differences between monocots
and dicots.

Humans depend on seed plants for
food, clothing, and shelter.

What foods from plants have you eaten today? Apples?
Potatoes? Carrots? Peanut butter and jelly sandwiches? All of
these foods and more come from seed plants.
Most of the plants you are familiar with are seed plants. Most
seed plants have leaves, stems, roots, and vascular tissue. They
also produce seeds, which usually contain an embryo and stored
food. The stored food is the source of energy for the embryo’s
early growth as it develops into a plant. Most of the plant species
that have been identified in the world today are seed plants.
The seed plants generally are classified into two major
groups—gymnosperms (JIHM nuh spurmz) and angiosperms
(AN jee uh spurmz).

Leaves Most seed plants have leaves. Leaves are the organs of
the plant where the food-making process—photosynthesis—
usually occurs. Leaves come in many shapes, sizes, and colors.
Examine the structure of a typical leaf, shown in Figure 14.

Review Vocabulary
seed: plant embryo and food
supply in a protective coating

New Vocabulary

•• stomata
guard cell
•• xylem
phloem
• cambium

•• gymnosperm
angiosperm
•• monocot
dicot

Cuticle

Upper
epidermis
Palisade
layer
Spongy
layer

Figure 14 The structure
of a typical leaf is adapted
for photosynthesis.
Explain why cells in the
palisade layer have more
chloroplasts than cells in
the spongy layer.
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Leaf Cell Layers A typical leaf is made of several different
layers of cells. On the upper and lower surfaces of a leaf is a thin
layer of cells called the epidermis, which covers and protects the
leaf. A waxy cuticle coats the epidermis of some leaves. Most
leaves have small openings in the epidermis called stomata
(STOH muh tuh) (singular, stoma). Stomata allow carbon dioxide, water, and oxygen to enter into and exit from a leaf. Each
stoma is surrounded by two guard cells that open and close it.
Just below the upper epidermis is the palisade layer. It consists of closely packed, long, narrow cells that usually contain
many chloroplasts. Most of the food produced by plants is made
in the palisade cells. Between the palisade layer and the lower
epidermis is the spongy layer. It is a layer of loosely arranged
cells separated by air spaces. In a leaf, veins containing vascular
tissue are found in the spongy layer.

Stems The trunk of a tree is really the stem of the tree. Stems
usually are located above ground and support the branches,
leaves, and reproductive structures. Materials move between
leaves and roots through the vascular tissue in the stem. Stems
also can have other functions, as shown in Figure 15.
Plant stems are either herbaceous (hur BAY shus) or woody.
Herbaceous stems usually are soft and green, like the stems of a
tulip, while trees and shrubs have hard, rigid, woody stems.
Lumber comes from woody stems.

Observing Water
Moving in a Plant
Procedure
1. Into a clear container pour
water to a depth of 1.5 cm.
Add 25 drops of red food
coloring to the water.
2. Put the root end of a
green onion into the container. Do not cut the
onion in any way. Wash
your hands.
3. The next day, examine the
outside of the onion. Peel
off the onion’s layers and
examine them. WARNING:
Do not eat the onion.
Analysis
In your Science Journal, infer
how the location of red color
inside the onion might
be related to
vascular tissue.

Figure 15 Some plants have stems with special functions.

These potatoes are stems that grow
underground and store food for the
plant.

The stems of this cactus
store water and can carry on
photosynthesis.

Some stems of this grape plant help
it climb on other plants.
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Roots Imagine a lone tree grow-

Figure 16 The root system of a
tree can be as long as the tree can
be tall.
Infer why the root system of a tree
would need to be so large.

ing on top of a hill. What is the
largest part of this plant? Maybe
you guessed the trunk or the
branches. Did you consider the
roots, like those shown in Figure 16?
The root systems of most plants
are as large or larger than the
aboveground stems and leaves.
Roots are important to plants.
Water and other substances enter
a plant through its roots. Roots
have vascular tissue in which water
and dissolved substances move
from the soil through the stems
to the leaves. Roots also act as
anchors, preventing plants from
being blown away by wind or
washed away by moving water.
Underground root systems support other plant parts that are
aboveground—the stem, branches,
and leaves of a tree. Sometimes,
part of or all of the roots are
aboveground, too.
Roots can store food. When
you eat carrots or beets, you eat
roots that contain stored food.
Plants that continue growing from
one year to the next use this stored
food to begin new growth in the
spring. Plants that grow in dry
areas often have roots that store
water.
Root tissues also can perform
functions such as absorbing oxygen that is used in the process of
respiration. Because water does
not contain as much oxygen as air
does, plants that grow with their roots in water might not be
able to absorb enough oxygen. Some swamp plants have roots
that grow partially out of the water and take in oxygen from the
air. In order to perform all these functions, the root systems of
plants must be large.
What are several functions of roots in plants?
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Vascular Tissue Three tissues usually make up the vascular
system in a seed plant. Xylem (ZI lum) tissue is made up of hollow, tubular cells that are stacked one on top of the other to
form a structure called a vessel. These vessels transport water
and dissolved substances from the roots throughout the plant.
The thick cell walls of xylem are also important because they
help support the plant.
Phloem (FLOH em) is a plant tissue also made up of tubular cells that are stacked to form structures called tubes. Tubes
are different from vessels. Phloem tubes move food from where
it is made to other parts of the plant where it is used or stored.
In some plants, a cambium is between xylem and phloem.
Cambium (KAM bee um) is a tissue that produces most of the
new xylem and phloem cells. The growth of this new xylem and
phloem increases the thickness of stems and roots. All three tissues are illustrated in Figure 17.

Xylem transports water
and dissolved substances
other than sugar throughout the plant.

Figure 17 The vascular tissue of some seed
plants includes xylem, phloem, and cambium.
Identify which of these tissues transports food
throughout the plant.
Phloem

Vascular Systems Plants
have vascular tissue, and
you have a vascular system. Your vascular system
transports oxygen, food,
and wastes through blood
vessels. Instead of xylem
and phloem, your blood
vessels include veins and
arteries. In your Science
Journal write a paragraph
describing the difference
between veins and arteries.

Xylem

Cambium

Cambium produces xylem and
phloem as the plant grows.

Phloem transports dissolved sugar throughout
the plant.

SECTION 3 Seed Plants
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Figure 18 The gymnosperms
include four divisions of plants.

About 100 species of
cycads exist today. Only
one genus is native to the
United States.

More than half of the
70 species of gnetophytes,
such as this joint fir, are in
one genus.

The ginkgoes are represented by
one living species. Ginkgoes lose
their leaves in the fall.
Explain how this is different from
most gymnosperms.

Conifers are the largest, most
diverse division. Most conifers
are evergreen plants, such as
this ponderosa pine (above).

Gymnosperms

Indiana Academic
Standard Check
6.4.3: Describe some of the great
variety of body plans … plants
have … to reproduce.
What are the reproductive
structures of pines and other
conifers?

The oldest trees alive are gymnosperms. A bristlecone pine
tree in the White Mountains of eastern California is estimated
to be 4,900 years old. Gymnosperms are vascular plants that
produce seeds that are not protected by fruit. The word
gymnosperm comes from the Greek language and means “naked
seed.” Another characteristic of gymnosperms is that they do
not have flowers. Leaves of most gymnosperms are needlelike or
scalelike. Many gymnosperms are called evergreens because
some green leaves always remain on their branches.
Four divisions of plants—conifers, cycads, ginkgoes, and
gnetophytes (NE tuh fites)—are classified as gymnosperms.
Figure 18 shows examples of the four divisions. You are probably most familiar with the division Coniferophyta (kuh NIH fur
uh fi tuh), the conifers. Pines, firs, spruces, redwoods, and
junipers belong to this division. It contains the greatest number
of gymnosperm species. All conifers produce two types of
cones—male and female. Both types usually are found on the
same plant. Cones are the reproductive structures of conifers.
Seeds develop on the female cone but not on the male cone.
What is the importance of cones to
gymnosperms?
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Angiosperms
When people are asked to name a plant, most name an
angiosperm. An angiosperm is a vascular plant that flowers and
produces fruits with one or more seeds, such as the peaches
shown in Figure 19. The fruit develops from a part or parts of
one or more flowers. Angiosperms are familiar plants no matter
where you live. They grow in parks, fields, forests, jungles,
deserts, freshwater, salt water, and in the cracks of sidewalks. You
might see them dangling from wires or other plants, and one
species of orchid even grows underground. Angiosperms make
up the plant division Anthophyta (AN thoh fi tuh). More than
half of the known plant species belong to this division.

Figure 19 Angiosperms have a
wide variety of flowers and fruits.

Flowers The flowers of angiosperms vary in size, shape, and
color. Duckweed, an aquatic plant, has a flower that is only
0.1 mm long. A plant in Indonesia has a flower that is nearly
1 m in diameter and can weigh 9 kg. Nearly every color can be
found in some flower, although some people would not include
black. Multicolored flowers are common. Some plants have
flowers that are not recognized easily as flowers, such as the
flowers of ash trees, shown below.
Some flower parts develop into a fruit. Most fruits contain
seeds, like an apple, or have seeds on their surface, like a strawberry. If you think all fruits are juicy and sweet, there are some
that are not. The fruit of the vanilla orchid, as shown to the
right, contains seeds and is dry.
Angiosperms are divided into two groups—the monocots
and the dicots—shortened forms of the words monocotyledon
(mah nuh kah tuh LEE dun) and dicotyledon (di kah tuh LEE dun).

The flowers and fruit of
a peach tree are typical
of many angiosperms.

The fruit of the vanilla orchid is
the source of vanilla flavoring.

Ash flowers are
not large and
colorful. Their
fruits are small
and dry.
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Monocots and Dicots A cotyledon is part of a seed often

Figure 20 By observing a monocot and a dicot, you can determine
their plant characteristics.

Monocot

used for food storage. The prefix mono means “one,” and di
means “two.” Therefore, monocots have one cotyledon inside
their seeds and dicots have two. The flowers, leaves, and stems of
monocots and dicots are shown in Figure 20.
Many important foods come from monocots, including
corn, rice, wheat, and barley. If you eat bananas, pineapple,
or dates, you are eating fruit from monocots. Lilies and orchids
also are monocots.
Dicots also produce familiar foods such as peanuts, green
beans, peas, apples, and oranges. You might have rested in the
shade of a dicot tree. Most shade trees, such as maple, oak, and
elm, are dicots.

Monocots have flower parts in
multiples of three. Dicots have
flower parts in multiples of four
or five.

Dicot

Monocot leaves are usually more narrow than
long. The vascular bundles show up as parallel
veins in leaves. In dicots,
the vascular bundles are
the network of veins in
the leaves.

Vascular
bundles

Vascular
bundle

In monocots, vascular tissues
are arranged as bundles scattered
throughout the stem. In dicot stems,
vascular bundles occur in rings. These
are the annual rings in woody stems.

Cotyledon
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Petunias

Parsley

Pecan tree

Life Cycles of Angiosperms Flowering plants vary greatly

Figure 21 Life cycles of

in appearance. Their life cycles are as varied as the kinds of
plants, as shown in Figure 21. Some angiosperms grow from
seeds to mature plants with their own seeds in less than a month.
The life cycles of other plants can take as long as a century. If a
plant’s life cycle is completed within one year, it is called an
annual. These plants must be grown from seeds each year.
Plants called biennials (bi EH nee ulz) complete their life cycles
within two years. Biennials such as parsley store a large amount
of food in an underground root or stem for growth in the second
year. Biennials produce flowers and seeds only during the second
year of growth. Angiosperms that take more than two years to
grow to maturity are called perennials. Herbaceous perennials
such as peonies appear to die each winter but grow and produce
flowers each spring. Woody perennials such as fruit trees produce
flowers and fruits on stems that survive for many years.

angiosperms include annuals,
biennials, and perennials.
Petunias, which are annuals,
complete their life cycle in
one year. Parsley plants, which
are biennials, do not produce
flowers and seeds the first year.
Perennials, such as the pecan
tree, flower and produce fruits
year after year.

Importance of Seed Plants
What would a day at school be like without seed plants? One
of the first things you’d notice is the lack of paper and books.
Paper is made from wood pulp that comes from trees, which are
seed plants. Are the desks and chairs at your school made of
wood? They would need to be made of something else if no seed
plants existed. Clothing that is made from cotton would not
exist because cotton comes from seed plants. At lunchtime, you
would have trouble finding something to eat. Bread, fruits, and
potato chips all come from seed plants. Milk, hamburgers, and
hot dogs all come from animals that eat seed plants. Unless you
like to eat plants such as mosses and ferns, you’d go hungry.
Without seed plants, your day at school would be different.

Topic: Renewable Resources
Visit in6.msscience.com for Web
links to information and recent
news or magazine articles about
the timber industry’s efforts to
replant trees.

Activity List in your Science
Journal the species of trees that
are planted and some of their uses.
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Table 1 Some Products of Seed Plants

From Gymnosperms

From Angiosperms

lumber, paper,
soap, varnish, paints,
waxes, perfumes,
edible pine nuts,
medicines

foods, sugar, chocolate,
cotton cloth, linen, rubber,
vegetable oils, perfumes,
medicines, cinnamon,
flavorings, dyes, lumber

Products of Seed Plants Conifers are the most economically important gymnosperms. Most wood used for construction and for paper production comes from conifers. Resin, a
waxy substance secreted by conifers, is used to make chemicals
found in soap, paint, varnish, and some medicines.
The most economically important plants on Earth are the
angiosperms. They form the basis of the diets of most animals.
Angiosperms were the first plants that humans grew. They
included grains, such as barley and wheat, and legumes, such as
peas and lentils. Angiosperms are also the source of many of the
fibers used in clothing. Besides cotton, linen fabrics come from
plant fibers. Table 1 shows just a few of the products of
angiosperms and gymnosperms.

Summary
Characteristics of Seed Plants
Leaves are organs in which photosynthesis
takes place.
Stems support leaves and branches and contain vascular tissues.
Roots absorb water and nutrients from soil.
Gymnosperms
Gymnosperms do not have flowers and produce seeds that are not protected by a fruit.
Angiosperms
Angiosperms produce flowers that develop
into a fruit with seeds.
Importance of Seed Plants
The diets of most animals are based on
angiosperms.

•
•
•
•

Self Check
1. List four characteristics common to all seed plants.
2. Compare and contrast the characteristics of gymnosperms and angiosperms.
3. Classify a flower with five petals as a monocot or a
dicot.
4. Explain why the root system might be the largest part
of a plant.
5. Think Critically The cuticle and epidermis of leaves are
transparent. If they weren’t, what might be the result?

•
•
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substances are produced in palisade cells but not
in xylem cells.

in6.msscience.com/self_check_quiz

430-S3-MSS05_G6_IN

8/17/04

2:13 PM

Page 395

Identtfytng Contfers
How can you tell a pine from a spruce or a cedar
from a juniper? One way is to observe their
leaves. The leaves of most conifers are either
needlelike—shaped like needles—or scalelike—shaped like the scales on a fish. Examine
and identify some conifer branches using the
key to the right.

Real-World Question
How can leaves be used to classify conifers?

Goals
■ Identify the difference between needlelike

Key to Classifying Conifer Leaves
1. All leaves are needlelike.
a. yes, go to 2
b. no, go to 8
2. Needles are in clusters.
a. yes, go to 3
b. no, go to 4
3. Clusters contain two, three, or five needles.
a. yes, pine
b. no, cedar
4. Needles grow on all sides of the stem.
a. yes, go to 5
b. no, go to 7

and scalelike leaves.
■ Classify conifers according to their leaves.

5. Needles grow from a woody peg.
a. yes, spruce
b. no, go to 6

Materials

6. Needles appear to grow from the branch.
a. yes, Douglas fir
b. no, hemlock

short branches of the following conifers:
pine
Douglas fir
redwood
cedar
hemlock
arborvitae
spruce
fir
juniper
*illustrations of the conifers above
*Alternate materials

Safety Precautions

7. Most of the needles grow upward.
a. yes, fir
b. no, redwood
8. All the leaves are scalelike but not prickly.
a. yes, arborvitae
b. no, juniper

Wash your hands after handling leaves.

Procedure
1. Observe the leaves or illustrations of each
conifer, then use the key to identify it.
2. Write the number and name of each conifer
you identify in your Science Journal.

Conclude and Apply
1. Name two traits of hemlock leaves.
2. Compare and contrast pine and cedar

Use the key above to identify conifers
growing on your school grounds. Draw and
label a map that locates these conifers. Post
the map in your school. For more help, refer
to the Science Skill Handbook.

leaves.
LAB
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Use the Internet

Plan6s as Medicine
Goals
■ Identify two plants

that can be used as a
treatment for illness or
as a supplement to
support good health.
■ Research the cultural
and historical use of
each of the two
selected plants as medical treatments.
■ Review multiple
sources to understand
the effectiveness of
each of the two
selected plants as a
medical treatment.
■ Compare and con-

trast the research and
form a hypothesis
about the medicinal
effectiveness of each of
the two plants.

Real-World Question
You may have read about using peppermint to relieve an upset stomach, or taking
Echinacea to boost your immune system
and fight off illness. But did you know
that pioneers brewed a cough medicine
from lemon mint? In this lab, you will
explore plants and their historical use
in treating illness, and the benefits
and risks associated with using plants
as medicine. How are plants used in
maintaining good health?
Echinacea

Make a Plan
1. Search for information about plants that are used as medicine and
identify two plants to investigate.
2. Research how these plants are currently recommended for use as
medicine or to promote good health. Find out how each has been
used historically.
3. Explore how other cultures used these plants as a medicine.

Data Source
Visit in6.msscience.com/
internet_lab for more
information about plants
that can be used for maintaining good health and
for data collected by
other students.

Mentha
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Follow Your Plan
1. Make sure your teacher approves your plan before you start.
2. Record data you collect about each plant in your Science Journal.

Analyze Your Data
1.
2.
3.
4.

Write a description of how different cultures have used each plant as medicine.
How have the plants you investigated been used as medicine historically?
Record all the uses suggested by different sources for each plant.
Record the side effects of using each plant as a treatment.

Conclude and Apply
1. After conducting your research, what do you think are the benefits and drawbacks of using these plants as alternative medicines?
2. Describe any conflicting information about using each of these plants as
medicine.
3. Based on your analysis, would you recommend the
use of each of these two plants to treat illness or
promote good health? Why or why not?
4. What would you say to someone who was thinking
about using any plant-based, over-the-counter,
herbal supplement?

Find this lab using the link below. Post your
data for the two plants you investigated in
the tables provided. Compare your data to
those of other students. Review data that
other students have entered about other
plants that can be used as medicine.
in6.msscience.com/internet_lab
Monarda
LAB
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SOMETIMES
GREAT
DISCOVERIES
HAPPEN BY
ACCIDENT!

A LOOPY Idea Inspires
a
“Fastenating”

Invention

A wild cocklebur plant inspired the hookand-loop fastener.

S

cientists often spend countless hours
in the laboratory dreaming up useful
inventions. Sometimes, however, the
best ideas hit them in unexpected places at
unexpected times. That’s why scientists are
constantly on the lookout for things that
spark their curiosity.
One day in 1948, a Swiss inventor named
George deMestral strolled through a field
with his dog. When they returned home,
deMestral discovered that the dog’s fur was
covered with cockleburs, parts of a prickly

plant. These burs were also stuck to
deMestral’s jacket and pants. Curious about
what made the burs so sticky, the inventor
examined one under a microscope.
DeMestral noticed that the cocklebur
was covered with lots of tiny hooks. By clinging to animal fur and fabric, this plant is carried to other places. While studying these
burs, he got the idea to invent a new kind of
fastener that could do the work of buttons,
snaps, zippers, and laces—but better!
After years of experimentation, deMestral
came up with a strong, durable hook-andloop fastener made of two strips of nylon fabric. One strip has thousands of small, stiff
hooks; the other strip is covered with soft,
tiny loops. Today, this hook-and-loop fastening tape is used on shoes and sneakers,
watchbands, hospital equipment, space suits,
clothing, book bags, and more. You may have
one of those hook-and-loop fasteners somewhere on you right now. They’re the ones
that go rrrrrrrrip when you open them.
So, if you ever get a fresh idea that clings
to your mind like a hook to a loop, stick with it
and experiment! Who knows? It may lead to a
fabulous invention that changes the world!
This photo provides a close-up
view of a hook-and-loop fastener.

List

Make a list of ten ways hook-and-loop tape is used
today. Think of three new uses for it. Since you can buy
strips of hook-and-loop fastening tape in most hardware
and fabric stores, try out some of your favorite ideas.

(t)Michael Rose/Frank Lane Picture Agency/CORBIS, (b)Dr. Jeremy Burgess/Science Photo Library/Photo Researchers

For more information, visit
in6.msscience.com/oops
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An Overview of Plants
1. Plants are made up of eukaryotic cells and
vary greatly in size and shape.
2. Plants usually have some form of leaves,
stems, and roots.

3. Seedless vascular plants have vascular tissues
that move substances throughout the plant.
These plants may reproduce by spores.
4. Many ancient forms of these plants
underwent a process that resulted in the
formation of coal.

3. As plants evolved from aquatic to land
environments, changes occurred in how
they reproduced, supported themselves,
and moved substances from one part of
the plant to another.

1. Seed plants are adapted to survive in
nearly every environment on Earth.

4. The plant kingdom is classified into groups
called divisions.

2. Seed plants produce seeds and have vascular tissue, stems, roots, and leaves.

Seed Plants

Seedless Plants
1. Seedless plants include nonvascular and
vascular types.
2. Most seedless nonvascular plants have no
true leaves, stems, or roots. Reproduction
usually is by spores.

3. The two major groups of seed plants
are gymnosperms and angiosperms.
Gymnosperms generally have needlelike
leaves and some type of cone. Angiosperms
are plants that flower and are classified as
monocots or dicots.
4. Seed plants are the most economically
important plants on Earth.

Copy and complete the following concept map about the seed plants.
Seed Plants
seeds on cones

seeds in flowers

Gymnosperms

example

example

Cycads

example

example

example

Gnetophytes

in6.msscience.com/interactive_tutor

example

Monocots
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angiosperm p. 391
cambium p. 389
cellulose p. 376
cuticle p. 376
dicot p. 392
guard cell p. 387
gymnosperm p. 390
monocot p. 392
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nonvascular plant p. 379
phloem p. 389
pioneer species p. 381
rhizoid p. 380
stomata p. 387
vascular plant p. 379
xylem p. 389

Complete each analogy by providing the missing
vocabulary word.

1. Angiosperm is to flower as _________ is
to cone.
2. Dicot is to two seed leaves as _________ is
to one seed leaf.
3. Root is to fern as _________ is to moss.
4. Phloem is to food transport as _________
is to water transport.
5. Vascular plant is to horsetail as _________
is to liverwort.
6. Cellulose is to support as _________ is to
protect.
7. Fuel is to ferns as _________ is to
bryophytes.
8. Cuticle is to wax as _________ is to fibers.

10. What are the small openings in the surface
of a leaf surrounded by guard cells called?
A) stomata
C) rhizoids
B) cuticles
D) angiosperms
11. What are the plant structures that anchor
the plant called?
A) stems
C) roots
B) leaves
D) guard cells
12. Where is most of a plant’s new xylem and
phloem produced?
A) guard cell
C) stomata
B) cambium
D) cuticle
13. What group has plants that are only a few
cells thick?
A) gymnosperms
C) ferns
B) cycads
D) mosses
14. The oval plant parts
shown to the right
are found only in
which plant group?
A) nonvascular
B) seedless

C) gymnosperms
D) angiosperms

15. What kinds of plants have structures that
move water and other substances?
A) vascular
C) nonvascular
B) protist
D) bacterial
16. In what part of a leaf does most
photosynthesis occur?
A) epidermis
C) stomata
B) cuticle
D) palisade layer
17. Which one of the following do ferns have?
A) cones
C) spores
B) rhizoids
D) seeds

Choose the word or phrase that best answers the
question.

9. Which of the following is a seedless
vascular plant?
A) moss
C) horsetail
B) liverwort
D) pine
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18. Which of these is an advantage to life on
land for plants?
A) more direct sunlight
B) less carbon dioxide
C) greater space to grow
D) less competition for food
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430-CR-MSS05_G6_IN

8/17/04

1:52 PM

Page 401

19. Predict what might happen if a land plant’s
waxy cuticle was destroyed.

26. Sequence Put the following events in order
to show how coal is formed from plants:
living seedless plants, coal is formed, dead
seedless plants decay, and peat is formed.

20. Draw Conclusions On a walk through the
woods with a friend, you find a plant neither of you has seen before. The plant has
green leaves and yellow flowers. Your
friend says it is a vascular plant. How does
your friend know this?

27. Predict what would happen if a ring of bark
and camium layer were removed from
around the trunk of a tree.

21. Infer Plants called succulents store large
amounts of water in their leaves, stems,
and roots. In what environments would
you expect to find succulents growing
naturally?

28. Poem Choose a topic in this chapter that
interests you. Look it up in a reference
book, in an encyclopedia, or on a CDROM. Write a poem to share what you
learn.

22. Explain why mosses usually are found in
moist areas.

29. Display Use dried plant material, photos,
drawings, or other materials to make a
poster describing the form and function of
roots, stems, and leaves.

23. Recognize Cause and Effect How do pioneer
species change environments so that other
plants can grow there?
24. Concept Map Copy and complete this map for
the seedless plants of the plant kingdom.

Use the table below to answer questions 30–32.

Number of Stomata (per mm2)

Seedless Plants
Transport tissue
No transport tissue
Vascular plants

Plant

Upper Surface

Lower Surface

Pine

50

71

Bean

40

281

0

228

12

13

Fir
example

example

example

Tomato

examples
Horsetails

30. Gas Exchange What do the data in this table

Mosses,
liverworts,and
hornworts

25. Interpret Scientific Illustrations Using Figure 20
in this chapter, compare and contrast the
number of cotyledons, bundle arrangement
in the stem, veins in leaves, and number of
flower parts for monocots and dicots.
in6.msscience.com/chapter_review

tell you about where gas exchange occurs in the
leaf of each plant species?
31. Compare Leaf Surfaces Make two circle
graphs—upper surface and lower surface—
using the table above.
32. Guard Cells On average, how many guard cells
are found on the lower surface of a bean leaf?
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The assessed Indiana standard
appears above the question.

3. Which is the function of a central vacuole?
A water regulation

Record your answers on the answer sheet
provided by your teacher or on a sheet of paper.

B photosynthesis
C protein synthesis
D respiration

The illustration below shows a cross section of
a leaf.
Leaf Cross Section

4. The illustration below shows a tree’s vascular tissue.
A

H

B

F
Palisade
layer
Spongy
layer
G
Phloem
Xylem
Vein

J
Guard
cells

C

1. What is the structure labeled H?
A cuticle
B lower epidermis
C stoma
D upper epidermis

2. What is the function of structure H?
A allows substances through the cell
B produces food

What is the function of the structure
labeled C?
A It absorbs water from outside the plant.
B It produces new xylem and phloem.
C It transports water from the roots to

other parts of the plant.
D It transports nutrients throughout the

plant.

C protects the plant
D transports substances to the roots

Eliminate Answer Choices If you don’t know the answer to a
multiple-choice question, eliminate as many incorrect choices
as possible. Mark your best guess from the remaining answers
before moving on to the next question.
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ISTEP+ Practice
The illustration below shows the two types of
seed plants.

6.4.3

8. Which adaptations have allowed plants to be
successful on land? Why is this important?
6.4.3

9. Describe the group of plants known as the
seedless vascular plants. How do these
plants reproduce without seeds?
B

A

10. The illustration below shows stem cross
sections of two plants.
5. Which is a characteristic of plant A?
A netlike leaf veins

Vascular
bundles

Vascular
bundles

B one cotyledon
C flower parts in multiples of four or five
D vascular bundles occur in rings

Plant A

Plant B

6. Which is a characteristic of plant B?
A parallel leaf veins
B two cotyledons

Compare and contrast the vascular bundles in both plants. What type of plant
might be the source of each stem?

C flower parts in multiples of three
D vascular bundles scattered throughout

the stem
6.4.3

7. Which do seedless plants use to reproduce?

11. Discuss the importance of seed plants in
your life and to the economy of the
United States.
12. Describe the life cycle of a common,
annual dicot angiosperm.

A buds

13. How would information about ancient
plants differ if the plant fossils were as
plentiful as animal fossils?

B eggs
C rhizoids
D spores
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