
Two pollen grains (yellow) have been
deposited on the stigma of a goose-grass
(Galium aparine) flower.  A pollen tube can
be seen growing from the pollen grain on
the right. The pollen tube provides a path
for sperm to travel from the pollen grain
to the egg so that fertilization may occur.

SECTION 1 Plant Life Cycles

SECTION 2 Sexual Reproduction in Flowering Plants

SECTION 3 Dispersal and Propagation
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P L A N T L I F E C Y C L E S
A life cycle includes all of the stages of an organism’s growth

and development. Recall that a plant’s life cycle involves two

alternating multicellular stages—a diploid (2n) sporophyte

stage and a haploid (1n) gametophyte stage. This type of life

cycle is called alternation of generations. Also recall that 

the size of gametophytes and sporophytes varies among the

plant groups.

THE LIFE CYCLE OF MOSSES
The dominant form of a moss is a clump of green gametophytes.
Look at the moss life cycle illustrated in Figure 30-1. Moss gameto-
phytes produce gametes in two types of reproductive structures—
antheridia and archegonia. An antheridium (AN-thuhr-ID-ee-uhm) is a
male reproductive structure that produces hundreds of flagellated
sperm by mitosis. An archegonium (AWR-kuh-GOH-nee-uhm) is a
female reproductive structure that produces a single egg by mito-
sis. During moist periods, sperm break out of the antheridia and
swim to the archegonia. One sperm fertilizes the egg at the base of
an archegonium, forming a diploid zygote. Through repeated
mitotic divisions, the zygote forms an embryo and develops into 
a sporophyte.

SECTION 1

O B J E C T I V E S
● Describe the life cycle of a moss.
● Describe the life cycle of a fern.
● Describe the life cycle of a

gymnosperm.
● Compare homospory and

heterospory.

V O C A B U L A R Y
antheridium
archegonium
homospory
sorus
microspore
megaspore
heterospory
integument
micropyle
ovule
pollen grain
pollination
pollen tube

Capsule

Young 
sporophyte

Diploid
(2n)

Haploid
(1n)

Zygote (2n)

Spores Female
gametophyte

Germinating
 spores

Sperm (1n)

Archegonium Antheridium

Egg
(1n)

Male
gametophyte

Adult
sporophyte

Adult
gameto-
phyte
(1n)

The life cycle of mosses alternates
between clumps of gametophytes (the
dominant generation) and a sporophyte
that consists of a spore capsule on a 
bare stalk.

FIGURE 30-1
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A moss sporophyte begins as a thin stalk that grows from the tip
of a gametophyte. The sporophyte remains attached to the game-
tophyte and depends on it for nourishment. Soon, cells at the tip of
a stalk form a sporangium, called the capsule. Cells in the capsule
undergo meiosis to form haploid spores, which are all the same.
The production of one type of spore is called homospory
(hoh-MAHS-puh-ree). Therefore, the life cycle of mosses is called
homosporous (hoh-MAHS-puh-ruhs) alternation of generations. When
the spores are mature, the capsule splits open, and the spores are
carried away by the wind. Spores that land in favorable environ-
ments may germinate and grow into new gametophytes.

THE LIFE CYCLE OF FERNS
The life cycle of a typical fern, shown in Figure 30-2, is similar to the
moss life cycle. Like mosses, most ferns are homosporous. And as in
mosses, the fern sporophyte grows from the gametophyte. But in the
fern life cycle, the sporophyte, not the gametophyte, is the dominant
generation. Fern gametophytes are tiny (about 10 mm, or 0.5 in., in
diameter), flat plants that are anchored to the soil by rhizoids. Both
antheridia and archegonia may form on the lower surface of a fern
gametophyte. When water is present, sperm released by antheridia
swim to archegonia. One sperm fuses with the egg in an archego-
nium, forming a zygote, which is the first cell of a new sporophyte.

The zygote grows into an embryo and then into a young fern
sporophyte through mitotic cell division. Once the sporophyte can
survive on its own, the gametophyte will die. A mature fern sporo-
phyte usually has compound leaves that are known as fronds.

The life cycle of most ferns alternates
between a large sporophyte (the
dominant generation) and a small
gametophyte. Both the egg and sperm
may be produced on the same
gametophyte.

FIGURE 30-2
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Fronds grow from an underground stem, or rhizome. In most ferns,
certain cells on the underside of the fronds develop into sporangia.
In many ferns, the sporangia are clustered together. A cluster of
sporangia is called a sorus (SOH-ruhs), plural, sori (SOH-ree). Cells inside
a sporangium undergo meiosis, forming haploid spores. At matu-
rity, the sporangium opens and the spores are catapulted 1 cm
(0.4 in.) or more and are then carried away by air currents. When
the spores land, they may grow into new gametophytes.

THE LIFE CYCLE OF
GYMNOSPERMS

Unlike mosses and most ferns, gymnosperms produce two types of
spores—male microspores and female megaspores. Microspores
grow into male gametophytes, while megaspores grow into female
gametophytes. The production of different types of spores is called
heterospory (HET-uhr-AHS-puh-ree). Thus, the gymnosperm life cycle
is called heterosporous (HET-uhr-AHS-puh-ruhs) alternation of generations.
All seed plants, spike mosses, quillworts, and a few fern species
have heterospory. The microspores of heterosporous plants pro-
duce male gametophytes that stay attached to the much larger
sporophyte and develop into pollen. Pollen can be transported
through the air to female gametophytes. Sexual reproduction in
seed plants therefore can take place independent of seasonal rains
or other periods of moisture. Figure 30-3 shows the life cycle of a
conifer, the most common kind of gymnosperm. 

Diploid
(2n)

MEIOSIS

MEIOSIS

FERTILIZATION

Haploid
(1n)

Adult
sporophyte

Microspore

Male cone

Female cone

Seed

Male
gametophyte
(pollen grain)Microsporangium

Megaspore

Megasporangium

Pollen tube

Pollen enters 
micropyle

Ovule
(contains female 
gametophytes)

Micropyle

Integument

The life cycle of a gymnosperm
alternates between a large sporophyte
(the dominant generation), which
produces two types of spores in cones,
and microscopic gametophytes, which
produce gametes. Female gametophytes
produce eggs, and male gametophytes
produce sperm.

FIGURE 30-3

sorus

from the Greek soros,
meaning “heap”

Word Roots and Origins
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1. Distinguish between an antheridium and an
archegonium in mosses, including their struc-
tures and functions.

2. List three differences between the life cycle of 
a typical fern and the life cycle of a pine tree 
(a gymnosperm).

3. Explain why a pine tree (a gymnosperm) has two
different types of cones.

4. What is the difference between homosporous
alternation of generations and heterosporous
alternation of generations?

CRITICAL THINKING
5. Evaluating Differences How do the differences

in the environments in which mosses and gym-
nosperms live relate to the differences in sexual
reproduction in these plants?

6. Forming Reasoned Opinions How might the
presence of a haploid generation (the gameto-
phyte) in plants serve as a “filter” for natural
selection?

7. Making Comparisons Compare male and
female gametophytes of mosses with those of
gymnosperms in terms of their resistance to
harsh environmental conditions.

SECTION 1 REVIEW

In the pine (a conifer), sexual reproduction takes more than two
years. During the first summer, a mature pine tree produces sepa-
rate female and male cones. The female cones produce megaspo-
rangia, while the male cones produce microsporangia. The following
spring, cells in all sporangia undergo meiosis and divide to produce
haploid spores. These spores never leave the parent to develop
independently. Megasporangia produce megaspores, which develop
into megagametophytes, or female gametophytes. A thick layer of
cells called an integument (in-TEG-yoo-muhnt) surrounds each mega-
sporangium. The integument has a small opening called the
micropyle (MIE-kroh-PIEL). Together, a megasporangium and its
integument form a structure called an ovule (AHV-yool). Two ovules
develop on each scale of a female cone. Microsporangia produce
microspores, which develop into microgametophytes, or male game-
tophytes. A pollen grain is a microgametophyte of a seed plant.

The male cones of a pine release huge numbers of pollen grains,
as seen in Figure 30-4. Pine pollen travels on the wind, and only a
few grains may land on a female cone. The pollen grains drift
between the cone scales until they reach the ovules. The transfer
of pollen to ovules is called pollination. A drop of fluid at the
micropyle captures the pollen grain. As the fluid dries, the pollen
grain is drawn into the micropyle. After pollination, the female
gametophyte within the ovule produces archegonia and eggs.

After pollination, the pollen grain begins to grow a pollen tube, a
slender extension of the pollen grain that enables sperm to reach an
egg. Unlike the sperm of seedless plants, pine sperm do not have fla-
gella and they do not swim to an egg. The pollen tube takes about a
year to reach an egg only a few millimeters away. During this time,
two sperm develop in the pollen tube. When the pollen tube reaches
an archegonium, one sperm unites with an egg to form a zygote. The
other sperm and the pollen tube die. Over the next few months, the
zygote develops into an embryo as the ovule matures into a seed.

The male cones (pollen cones) of pines
produce millions of pollen grains. The
male cones then die. Wind-pollinated
species typically produce large amounts
of pollen. Large numbers of pollen
grains increase the odds that female
cones (seed cones) will be pollinated.

FIGURE 30-4
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S E X U A L R E P R O D U C T I O N
I N F L O W E R I N G P L A N T S
Many flowers have bright colors, attractive shapes, and

pleasing aromas. These adaptations help ensure successful

sexual reproduction by attracting animals that will transfer

pollen. But some flowers are not colorful, large, or fragrant.

Such flowers rely on wind or water for the transfer of pollen.

PARTS OF A FLOWER
Recall that early land plants lacked leaves and roots and consisted
of only stems. Leaves evolved from branches of stems. Botanists
consider flowers to be highly specialized branches and the parts of
a flower to be specialized leaves. These specialized leaves form on
the swollen tip of a floral “branch” or receptacle.

Flower parts are usually found in four concentric whorls, or
rings, as shown in Figure 30-5. Sepals (SEE-puhlz) make up the outer
whorl. They protect the other parts of a developing flower before
it opens. Petals make up the next whorl. Most animal-pollinated
flowers have brightly colored petals. The petals and sepals of wind-
pollinated plants are usually small or absent.

The two innermost whorls of flower parts contain the reproduc-
tive structures. The male reproductive structures are stamens
(STAY-muhnz), each of which consists of an anther and a filament. An
anther contains microsporangia, which produce microspores that
develop into pollen grains. A stalklike filament supports an anther.
The innermost whorl contains the female reproductive structures,
which are called carpels (KAHR-puhlz).

SECTION 2

O B J E C T I V E S
● Identify the four main flower parts,

and state the function of each.
● Describe gametophyte formation

in flowering plants.
● Relate flower structure to methods

of pollination.
● Describe fertilization in flowering

plants.

V O C A B U L A R Y
receptacle
sepal
petal
stamen
anther
filament
carpel
pistil
ovary
style
stigma
embryo sac
polar nuclei
tube cell
generative cell
nectar
double fertilization

Petal
OvuleSepal

Receptacle

Anther

Filament
Stamen

Stigma

Style

Ovary

Pistil
(fused carpels)

This diagram shows a complete flower
that has all four whorls of flower
parts—sepals, petals, stamens, and
carpels. Most species of flowering plants
have flowers that have both stamens
and carpels.

FIGURE 30-5
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One or more carpels fused together make up the structure called
a pistil (also shown in Figure 30-6). The enlarged base of a pistil is
called the ovary. A style, which is usually stalklike, rises from the
ovary. The tip of the style is called the stigma. Generally, a stigma is
sticky or has hairs, enabling it to trap pollen grains. 

GAMETOPHYTE FORMATION
In angiosperms, gametophytes develop within the reproductive struc-
tures of flowers. Embryo sacs, which are the female gametophytes in
angiosperms, form within the ovary of the pistil. Pollen grains, the
male gametophytes, form within the anthers of the stamens. 

Embryo Sac Formation
In flowering plants, ovules form in the ovary of a pistil. As Figure
30-6 shows, an angiosperm ovule consists of a megasporangium
surrounded by two integuments. These two integuments do not
completely enclose the megasporangium. At one end of the ovule
is the micropyle, through which a pollen tube can enter. 

An ovule contains a large diploid cell called a megaspore mother
cell. A megaspore mother cell undergoes meiosis and produces four
haploid megaspores. In many species of flowering plants, only one
megaspore enlarges. The other three degenerate. The remaining
megaspore undergoes three mitotic divisions, which produce a cell
that has eight haploid nuclei. These nuclei migrate to certain loca-
tions within the cell. The nuclei are initially arranged in two groups
of four, with one group of nuclei at each end of the cell.

A cross section of an immature ovule
from a flower reveals a single large cell,
a megaspore mother cell. This cell
undergoes meiosis and produces four
megaspores. One of the megaspores
undergoes a series of mitotic divisions
that results in the formation of an
embryo sac (a female gametophyte).

FIGURE 30-6
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Anther

Microsporangium
(pollen sac)

Filament

MEIOSIS

MITOSIS

Microspore
 mother cell (2n)

Generative
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Pollen grain
(male gametophyte)

Tube
cell Tube cell

nucleus

Microspores
(1n)

FORMATION OF A MALE GAMETOPHYTE

A cross section of an anther of a flower
reveals four pollen sacs (microsporangia).
Microspore mother cells within the
microsporangia undergo meiosis and
produce microspores. Each microspore
then develops into a two-celled pollen
grain (a male gametophyte).

FIGURE 30-7One nucleus from each group migrates to the center of the cell.
These two nuclei are called polar nuclei because they came from
the ends, or poles, of the cell. Cell walls then form around each of
the remaining six nuclei. One of the three cells that are nearest to
the micropyle enlarges and becomes the egg. The two cells on
either side of the egg will later help attract the pollen tube toward
the egg. The function of the three cells at the other end of the cell
is unclear. These five non-egg cells will eventually die after fertiliza-
tion occurs.

The resulting structure, which usually contains eight nuclei and
seven cells (the egg, the five non-egg cells, and the large central
cell enclosing these cells), is the embryo sac. The embryo sac is
the mature female gametophyte, or megagametophyte. The
embryo sac is another feature that is seen in angiosperms but is
not seen in gymnosperms. The surrounding integuments and the
embryo sac now form a mature ovule, which may eventually
develop into a seed.

Pollen Grain Formation
An anther contains four microsporangia, or pollen sacs, as shown
in Figure 30-7. Initially, the pollen sacs contain many diploid cells.
These diploid cells are called microspore mother cells. Each of
these microspore mother cells undergoes meiosis and produces
four haploid microspores. A microspore undergoes mitosis and
produces two haploid cells, but these cells do not separate. A
thick wall then develops around the microspore. The resulting
two-celled structure is a pollen grain, which is the male gameto-
phyte, or microgametophyte. The larger of the two cells is the
tube cell, from which the pollen tube will form. The generative
cell, which is enclosed in the tube cell, will divide by mitosis to
form two sperm. 
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POLLINATION
Before a sperm can fertilize the egg contained in an embryo sac,
pollination must occur. In flowering plants, pollination occurs
when pollen grains are transferred from an anther to a stigma.
Pollination that involves just one flower, flowers on the same plant,
or flowers from two genetically identical plants is called self-
pollination. In contrast, pollination that involves two genetically dif-
ferent plants is called cross-pollination.

The pollination of flowering plants occurs in several ways.
Flower structure promotes self-pollination in plants, such as peas
and beans, that have flowers with petals that completely enclose
both the male and female flower parts. Some aquatic plants, such
as sea grasses, have pollen that is dispersed by water. Many plants,
such as oak trees and grasses, release their pollen into the air. The
flowers of such wind-pollinated angiosperms are small and lack
showy petals and sepals. Successful wind pollination depends on
four conditions: the release of large amounts of pollen, the ample
circulation of air to carry pollen, the relative proximity of other
plants for the pollen to be transferred to, and dry weather to
ensure that pollen is not washed from the air by rain. 

Most plants that have colorful or fragrant flowers are pollinated
by animals. Bright petals and distinctive odors attract animals that
feed on pollen and nectar, a nourishing solution of sugars. Animal
pollinators include bats, bees, beetles, moths, butterflies, mosqui-
toes, monkeys, and hummingbirds. When these animals gather nec-
tar, pollen sticks to their bodies. As they collect more nectar, the
animals deposit some of the pollen on other flowers. For example,
as the hummingbird in Figure 30-8 collects nectar from a flower,
pollen from the anthers is deposited on the hummingbird’s beak
and head. When the hummingbird moves on to another flower, the
pollen may be transferred to the stigma of the second flower.

FERTILIZATION
Fertilization, the union of haploid gametes resulting in a diploid
zygote, may follow pollination, as shown in Figure 30-9. For fertil-
ization to occur in angiosperms, a pollen grain must land on a
stigma and then absorb moisture. The pollen grain will then ger-
minate. Germination occurs when the nucleus of the tube cell
causes the tube cell to form a pollen tube that grows through the
stigma and style toward the ovary. The pollen tube grows to an
ovule within the ovary and enters the ovule through the micropyle.
After the pollen tube penetrates the embryo sac, two sperm (pro-
duced from the mitotic division of the generative cell in the pollen
grain) can travel through the pollen tube and reach the egg. Unlike
a gymnosperm’s pollen tubes, an angiosperm’s pollen tubes usu-
ally reach an egg a day or two after pollination.

These long, tubular flowers are adapted
for pollination by hummingbirds, which
have long beaks adapted for reaching
the nectar located deep in the flowers.

FIGURE 30-8
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1. Draw a generalized flower and show the four
types of flower parts in relation to each other.
Be sure to label each structure.

2. Name the male and female gametophytes in
flowering plants.

3. How do the flowers of wind-pollinated plants
differ from the flowers of animal-pollinated
plants?

4. Why is fertilization in flowering plants called
double fertilization?

CRITICAL THINKING
5. Interpreting Graphics What type of pollination

is shown in the illustration above? 

6. Distinguishing Relevant Information The vast
majority of the known species of plants are
angiosperms. What are some characteristics of
this group of plants that help explain their
evolutionary success?

7. Making Comparisons How is meiosis in
flowering plants like meiosis in humans?

SECTION 2 REVIEW

Endosperm
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MEIOSIS

POLLINATION

OvulePistil

Seed
FERTILIZATION

Endosperm
nucleus (3n)
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gametophyte)
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Zygote (2n)
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Ovule
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Style
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Pollen
grain
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tube Sperm

Tube
nucleus
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POLLINATION AND FERTILIZATION IN FLOWERING PLANTS

One of the two sperm fuses with the egg, forming a diploid
zygote. The zygote eventually develops into an embryo. The second
sperm fuses with the two polar nuclei, producing a triploid (3n)
nucleus. This nucleus then develops into tissue called endosperm.
The endosperm provides nourishment for the embryo. Kernels of
corn are mostly endosperm. In many plants, however, the
endosperm is absorbed by the embryos as the seeds mature. This
process of two cell fusions, which is called double fertilization, is
unique to angiosperms.

In a process called double fertilization,
one sperm fuses with an egg, forming a
zygote. Another sperm fuses with two
polar nuclei, forming an endosperm.

FIGURE 30-9

Copyright © by Holt, Rinehart and Winston. All rights reserved.



C H A P T E R  3 0618

D I S P E R S A L A N D
P R O P A G A T I O N
Fruits and seeds normally result from sexual reproduction 

in flowering plants. Fruits are adapted for dispersing, or

distributing, seeds. Seeds are adapted for the dispersal and

propagation (production of new individuals) of plants. Many

plants also propagate through asexual reproduction.

DISPERSAL OF FRUITS 
AND SEEDS

Recall that one property of populations is dispersion, the spatial
distribution of individuals. If individual plants are too close
together, they must compete with each other for available water,
nutrients, and sunlight. One reason for the success of the seed
plants is the development of structures that are adapted for dis-
persing offspring—fruits and seeds.

Fruits and seeds are dispersed by animals, wind, water, forcible
discharge, and gravity. You may have walked through a field and
unwittingly collected burrs, or stickers, on your shoes or socks.
These burrs are fruits, and you helped disperse them. The smell,
bright color, or flavor of many fruits attract animals. When animals
eat such fruits, the seeds are transported to new locations and
often pass unharmed through the animals’ digestive systems.

Fruits and seeds dispersed by wind or water are adapted for
those methods of dispersal. Orchids have tiny, dustlike seeds that
can easily be carried by a slight breeze. Figure 30-10 shows an
example of seeds adapted for wind dispersal. Many plants that
grow near water produce fruits and seeds that contain air cham-
bers, which allow them to float. Coconuts, for example, may float
thousands of kilometers on ocean currents.

The most dramatic method of seed dispersal occurs in plants
that forcibly discharge their seeds from their fruits. The tropical
sandbox tree, which has fruits that hurl seeds up to 100 m (328 ft),
appears to hold the distance record.

Although gymnosperms do not produce fruits, their cones may
help protect seeds and aid in seed dispersal. Female pine cones
close after pollination and open again only when the seeds are
mature. Pine seeds may be dispersed when gravity causes cones to
drop and roll away from the parent tree. Pine seeds have “wings”
that aid in wind dispersal.

SECTION 3

O B J E C T I V E S
● Describe adaptations for fruit and

seed dispersal.
● Name the three major categories 

of fruits.
● Compare the structure and

germination of different types of
seeds.

● Recognize the advantages and
disadvantages of asexual
reproduction.

● Describe human methods of plant
propagation.

V O C A B U L A R Y
propagation
seed coat
plumule
epicotyl
hypocotyl
radicle
hilum
dormancy
clone
vegetative reproduction
cutting
layering
grafting
tissue culture

Milkweed seeds have “parachutes” that
help them drift with the wind.

FIGURE 30-10
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Major categories and types of fruits

Simple fruit—formed from one pistil of a single flower

A. Dry at maturity

1. Usually splits open
a. Legume—splits along two sides to form two halves
b. Follicle—splits along one side
c. Capsule—splits in a variety of other ways

2. Usually does not split open
a. Grain—thin ovary wall fused to seed coat
b. Nut—thick, woody ovary wall not fused to single seed
c. Achene—thin ovary wall not fused to single seed
d. Samara—like an achene but with a thin, flat wing

B. Fleshy at maturity and usually not opening

1. Usually contains only one seed
a. Drupe—stony inner layer around the seed

2. Usually contains many seeds
a. Pome—core with seeds surrounded by papery ovary walls;

outer part formed from sepals
b. Typical berry—thin skin
c. Pepo—berry with a thick, hard rind
d. Hesperidium—berry with leathery, easily removed skin

Aggregate fruit—formed from several pistils of a single flower

A. Dry at maturity 

B. Fleshy at maturity 

Multiple fruit—formed from several flowers growing together

A. Dry at maturity

B. Fleshy at maturity

Examples

pea, peanut, black locust
milkweed, columbine
poppy, tulip

corn, wheat
oak, chestnut
sunflower, dandelion
ash, elm, maple

cherry, coconut, pecan

apple, pear

grape, tomato, banana
watermelon, cucumber
orange, grapefruit, lemon

tulip tree, magnolia

raspberry, strawberry

sweetgum, sycamore

pineapple, fig

619P L A N T  R E P R O D U C T I O N

TYPES OF FRUITS
Botanists define a fruit as a mature ovary. Many different types 
of fruits have evolved among the flowering plants. Figure 30-11
shows examples of some of these fruit types. Fertilization usually
initiates the development of fruits. Fruits protect seeds, aid in their
dispersal, and often delay their sprouting. Fruits are classified
mainly on the basis of two characteristics: how many pistils or
flowers form the fruit, and whether the fruit is dry or fleshy. Table
30-1 presents a classification system for fruits. Notice that fruits
with common names that include “nut” or “berry” may not be
actual nuts or berries. For example, a peanut is actually a legume,
not a nut. You may have heard the fleshy seeds of ginkgo, juniper,
and yew trees referred to as berries. These names are misleading
because ginkgo, juniper, and yew trees are gymnosperms, which do
not form fruits.

A pea pod is a simple fruit. A raspberry
is an aggregate fruit. A pineapple is a
multiple fruit.

FIGURE 30-11

TABLE 30-1 Fruit Classification
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STRUCTURE OF SEEDS
A seed is a plant embryo surrounded by a protective coat called
the seed coat. The structure of seeds differs among the major
groups of seed plants—angiosperms, which include monocots and
dicots, and gymnosperms. To understand some of the differences,
examine the seeds shown in Figure 30-12.

Look at the bean seed in Figure 30-12a, which has been opened to
reveal the structures inside. Most of the interior of a bean seed is
filled by two large, fleshy cotyledons (seed leaves), which are part of
the embryo. Recall that dicots have two cotyledons in their
embryos. Therefore, beans are dicots. A mature bean seed has no
endosperm. The endosperm was absorbed by the fleshy cotyledons.

Between the two cotyledons of a bean seed are the parts that
make up the rest of the embryo. The shoot tip, along with any
embryonic leaves, is called the plumule (PLOO-MYOOL). The epicotyl
(EP-I-KAHT-uhl) extends from the plumule to the attachment point of
the cotyledons. The hypocotyl (HIE-poh-KAHT-uhl) extends from the
attachment point of the cotyledons to the radicle. The radicle is
the embryonic root. Along the concave edge of the seed, beneath
the radicle, is the hilum (HIE-luhm), which is a scar that marks
where the seed was attached to the ovary wall. 

Now examine the corn kernel in Figure 30-12b. Technically, a
corn kernel is a fruit, but the seed occupies almost the entire ker-
nel. The wall of the fruit is very thin and is fused to the seed coat.
A single umbrella-shaped cotyledon is pressed close to the
endosperm. The cotyledon of a monocot seed does not store nutri-
ents, as bean cotyledons do. Instead, it absorbs nutrients from the
endosperm and transfers them to the embryo.

Finally, look at the pine seed in Figure 30-12c. A pine seed con-
tains a sporophyte embryo that has needle-like cotyledons. The
embryo is surrounded by tissue of the female gametophyte. Like
the triploid endosperm of angiosperm seeds, the haploid tissue of
the female gametophyte functions as a source of nourishment for
the embryo.

(c) PINE SEED (GYMNOSPERM)(a) BEAN SEED (DICOT)

Wing

Seed coat

Embryo
with
cotyledons

Radicle

Female
gametophyte
tissue (1n)

Hypocotyl

Radicle

Seed coatCotyledons

Plumule

Hilum

(a) A bean seed has two cotyledons 
and no endosperm. (b) A corn kernel
contains a single seed, which has one
cotyledon and endosperm. (c) A pine
seed has cotyledons and tissue from 
the female gametophyte.

FIGURE 30-12

Predicting Seed Dispersal
Materials five different fruits,
balance or scale

Procedure
1. Create a data table that has at

least five rows. Your table should
have six columns with the fol-
lowing headings: “Fruit name,”
“Fruit type” (from Table 30-1),
“Dry/fleshy,” “Seed mass in
grams,” “Whole fruit mass in
grams,” and “Dispersal
method.”

2. Examine your fruits, and fill in
your data table. Discuss with
your group how characteristics
of fruits and seeds might relate
to dispersal methods.

Analysis Form a hypothesis about
a dispersal method for one of the
fruits you have examined. Describe
how you might test your hypothesis.

Quick Lab

(b) CORN KERNEL (MONOCOT)

Plumule

Hypocotyl

Endosperm (3n)

Radicle

Seed coat 
fused to 
fruit wall 

Cotyledon

Epicotyl
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SEED GERMINATION
Many plants are easily grown from seeds. Although its embryo is
alive, a seed will not germinate, or sprout, until it is exposed to cer-
tain environmental conditions, The delay of germination often
assures the survival of a plant. For example, if seeds that mature in
the fall were to sprout immediately, the young plants could be
killed by cold weather. Similarly, if a plant’s seeds were to sprout all
at once and all of the new plants died before producing seeds, the
species could become extinct. Many seeds will not germinate even
when exposed to conditions ideal for germination. Such seeds
exhibit dormancy, which is a state of reduced metabolism in which
growth and development do not occur. The longevity of dormant
seeds is often remarkable. A botanist once germinated lotus seeds
that were almost 1,000 years old.

Conditions Needed for Germination
Environmental factors, such as water, oxygen, and temperature,
can trigger seed germination. Most mature seeds are very dry and
must absorb water to germinate. Water softens the seed coat and
activates enzymes that convert starch in the cotyledons or
endosperm into simple sugars, which provide energy for the
embryo to grow. As the embryo begins to grow, the softened seed
coat cracks open. This enables the oxygen needed for cellular res-
piration to reach the embryo. Many small seeds need light for
germination. This adaptation prevents the seeds from sprouting if
they are buried too deeply in the soil. In addition, some seeds ger-
minate only if exposed to temperatures within a certain range.

Some seeds germinate only after being exposed to extreme con-
ditions. For example, animals often swallow the seeds of fruits they
eat, as shown in Figure 30-13. Acids in the digestive system wear
away the hard seed coat. The seeds may germinate after passing
through the digestive systems of these animals. As an added
bonus, the seed is deposited with a bit of natural fertilizer.

dormancy

from the Latin dormire,
meaning “to sleep”

Word Roots and Origins

www.scilinks.org
Topic: Seeds
Keyword: HM61370

Many animals eat apples or other fruits.
The seeds are swallowed and are
exposed to acids as they pass through
the animal’s digestive system. The acids
wear away the seed coat. Once the seed
is on the ground, water and oxygen can
enter the seed and enable the growing
embryo to break out.

FIGURE 30-13
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Other seeds, including apple seeds, must be exposed to near-
freezing temperatures for several weeks before they sprout. This tem-
perature requirement prevents the seeds from germinating in the fall
and thus ensures that the seedlings will not be killed by the cold tem-
peratures of winter. The cold temperatures cause chemical changes
within the seed. These changes enable the embryo to grow.

Process of Germination
Figure 30-14 compares germination in corn and bean seeds. The first
visible sign of seed germination is the emergence of the radicle. In
beans, the entire root system develops from the radicle. In corn,
most of the root system develops from the lower part of the radicle.
Soon after the radicle breaks the seed coat, the shoot begins to grow.

In some seeds, such as bean seeds (Figure 30-14a), the
hypocotyl curves and becomes hook-shaped. Once the hook
breaks through the soil, the hypocotyl straightens. This straight-
ening pulls the cotyledons and the embryonic leaves into the air.
The embryonic leaves unfold, synthesize chlorophyll, and begin
photosynthesis. After their stored nutrients are used up, the
shrunken bean cotyledons fall off.

In contrast, the cotyledon of the corn seed (Figure 30-14b)
remains underground and transfers nutrients from the endosperm
to the growing embryo. Unlike the bean shoot, the corn cotyledon
remains below ground. The corn plumule is protected by a sheath
that pushes through the soil. Once the sheath has broken through
the soil surface, the plumule grows up through the sheath and the
first leaf unfolds.

www.scilinks.org
Topic: Seed Germination
Keyword: HM61366

(a) During the germination of a bean
seed, the cotyledons and seed coat
emerge, and the plumule is protected 
by a hook in the hypocotyl. (b) During
the germination of a corn seed, the
cotyledon and seed coat remain below
ground and the plumule is protected by
a sheath.

FIGURE 30-14
Plumule

Cotyledon

Radicle

Endosperm

Protective
sheath

First leaf

First
leaves

Radicle

Hypocotyl

Seed
coat

Cotyledons

(a) BEAN SEED GERMINATION

(b) CORN SEED GERMINATION
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ASEXUAL REPRODUCTION
Recall that asexual reproduction is the production of an individual
without the union of gametes. Elaborate technology has recently
yielded some success in the asexual reproduction of mammals to
create clones, or exact duplicates of organisms. But people who
create clones of themselves are still the subjects of science fiction
movies and books. However, asexual reproduction to create clones
is common in the plant kingdom.

Asexual reproduction can be an advantage to individuals that
are well-adapted to their environment. Many new individuals can
be produced in a short time, which enables the clones to spread
rapidly and fill available space. A disadvantage of asexual repro-
duction is the lack of genetic variation among the offspring. All of
the offspring are genetically identical. Thus, the clones have the
same tolerance to an environment and are attacked by the same
diseases and pests. Many of our plant cultivars are clones. 

In nature, plants reproduce asexually in many ways, including
the development of spores and vegetative reproduction.
Vegetative reproduction is asexual reproduction involving vegeta-
tive (nonreproductive) parts of a plant, such as leaves, stems, or
roots. Many structures specialized for vegetative reproduction
have evolved in plants. Table 30-2 lists some of these structures.
One example of vegetative reproduction is shown in Figure 30-15. 

PROPAGATION OF PLANTS
BY HUMANS

People often use vegetative structures to propagate plants. Many
species of plants are vegetatively propagated by humans from the
structures described in Table 30-2. People have also developed
several methods of propagating plants from other vegetative parts,
such as roots and even tissue samples. These methods include lay-
ering, grafting, and using cuttings and tissue cultures.  

TABLE 30-2 Plant Structures Adapted for Vegetative Reproduction

New plants are vegetatively reproduced
from the stolons (runners) of an airplane
plant, also called a spider plant.

FIGURE 30-15

Name

Stolon
(runner)

Rhizome

Bulb

Tuber

Description

horizontal, aboveground stem that produces leaves and roots at
its nodes; a new plant can grow from each node

horizontal, belowground stem that produces leaves and roots 
at its nodes; a new plant can grow from each node

very short, underground monocot stem with thick, fleshy leaves
adapted for storage; bulbs divide naturally to produce new plants

underground, swollen, fleshy stem specialized for storage; the
buds on a tuber can grow into new plants

Examples

strawberry, airplane (spider)
plant, Boston fern

ferns, horsetails, iris, ginger,
sugar cane

tulip, daffodil, onion, garlic,
hyacinth

potato, caladium, Jerusalem
artichoke
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1. Name three common methods of fruit and seed
dispersal.

2. Name one fruit from each of the three major
categories of fruit.

3. How do the structure and germination of a bean
seed and a corn seed differ from each other?

4. Compare asexual reproduction with sexual
reproduction.

5. Make a table that compares structures and
methods for propagation of plants by humans.

CRITICAL THINKING
6. Justifying Conclusions How might seed

dormancy be an evolutionary advantage?

7. Applying Information Many fruits are green
until they are mature. How might this be an
advantage in terms of seed dispersal by animals?

8. Evaluating Information Instructions on packets
of large seeds state that they should be planted
deeply. Instructions on packets of small seeds
state that they should be planted shallowly. Why
are these instructions different?

Cuttings
In some plants, roots will form on a cut piece of a stem, or shoots
will form on a piece of a root. Pieces of stems and roots that are cut
from a plant and used to grow new plants are called cuttings. Plants
such as African violets can be grown from leaf cuttings, which will
form both roots and shoots. Cuttings are widely used to propagate
houseplants, ornamental trees and shrubs, and some fruit crops.

Layering
In some species, such as raspberries, roots form on stems where
they make contact with the soil. People often stake branch tips to
the soil or cover the bases of stems with soil to propagate such
plants. The process of causing roots to form on a stem is called
layering. Air layering, wounding a stem and placing moist peat
moss around the wound, is another common form of layering.

Grafting
Grafting is the joining of two or more plant parts to form a single
plant. In grafting, a bud or small stem of one plant is attached to
the roots or stems of a second plant. The vascular cambium of
both parts must be aligned for a graft to be successful. Grafting
enables the desirable characteristics of two cultivars to be com-
bined. Grafting is used to propagate virtually all commercial fruit
and nut trees and many ornamental trees and shrubs.

Tissue Culture
Figure 30-16 shows plants grown by tissue culture, the production of
new plants from pieces of tissue placed on a sterile nutrient medium.
Unlike most animal cells, plant cells contain functional copies of all
the genes needed to produce a new plant. Thus, it is possible for a
whole plant to regrow from a single cell. Millions of identical plants
can be grown from a small amount of tissue. Tissue culture is used
in the commercial production of orchids, houseplants, cut flowers,
fruit plants, and ornamental trees, shrubs, and nonwoody plants. 

Tissue culture can be used to grow
round-leaved sundews, Drosera
rotundifolia. The jelly in the Petri dish is
a sterile soil substitute that contains
needed nutrients.

FIGURE 30-16

SECTION 3 REVIEW
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Plant Life CyclesSECTION 1

CHAPTER HIGHLIGHTS

antheridium (p. 609)
archegonium (p. 609)
homospory (p. 610)
sorus (p. 611)

microspore (p. 611)
megaspore (p. 611)
heterospory (p. 611)

integument (p. 612)
micropyle (p. 612)
ovule (p. 612)

pollen grain (p. 612)
pollination (p. 612)
pollen tube (p. 612)

Vocabulary

propagation (p. 618)
seed coat (p. 620)
plumule (p. 620)
epicotyl (p. 620)

hypocotyl (p. 620)
radicle (p. 620)
hilum (p. 620)
dormancy (p. 621)

clone (p. 623)
vegetative

reproduction (p. 623)
cutting (p. 624)

layering (p. 624)
grafting (p. 624)
tissue culture (p. 624)

Vocabulary

receptacle (p. 613)
sepal (p. 613)
petal (p. 613)
stamen (p. 613)
anther (p. 613)

filament (p. 613)
carpel (p. 613)
pistil (p. 613)
ovary (p. 613)

style (p. 613)
stigma (p. 613)
embryo sac (p. 614)
polar nuclei (p. 615)

tube cell (p. 615)
generative cell (p. 615)
nectar (p. 616)
double fertilization (p. 617)

Vocabulary

● Plants have a life cycle called alternation of generations,
in which a multicellular haploid gametophyte stage
alternates with a multicellular diploid sporophyte stage.

● In the moss life cycle, a spore develops into a leafy green
gametophyte that produces eggs in archegonia and
flagellated sperm in antheridia. A moss sporophyte grows
from a fertilized egg.

● In the fern life cycle, a spore develops into a small, flat
gametophyte that produces eggs in archegonia and 

flagellated sperm in antheridia. A fern sporophyte grows
from a fertilized egg.

● In the gymnosperm life cycle, a large sporophyte
produces two types of spores, and microscopic
gametophytes produce gametes. Nonflagellated sperm
reach an ovule through a pollen tube.

● Mosses and most ferns are homosporous (produce only
one type of spore). All seed plants as well as a few other
species are heterosporous (produce male microspores
and female megaspores).

Sexual Reproduction in Flowering PlantsSECTION 2

● Flowers are reproductive structures. Most flowers consist
of four parts—protective sepals, colorful petals, pollen-
producing stamens, and egg-containing carpels.

● An immature ovule contains a megaspore mother cell
that undergoes meiosis and produces four megaspores.
One of the megaspores divides by mitosis to form an
embryo sac.

● Pollen grains form in stamens. Microspore mother cells in
pollen sacs undergo meiosis and produce microspores,
each of which develops into a pollen grain.

● Many flowering plants have flowers adapted for animal
pollination or for wind pollination.

● In double fertilization, one sperm combines with the egg
to form a zygote. A second sperm combines with two
polar nuclei to form the endosperm.

Dispersal and PropagationSECTION 3

● Fruits and seeds are dispersed by animals, wind, water,
forcible discharge, and gravity. Many fruits and seeds are
adapted for a particular type of dispersal.

● The three major categories of fruits are simple,
aggregate, and multiple.

● The structure of seeds differs among the major groups of
seed plants. Seeds need water, oxygen, suitable

temperatures, and sometimes light to germinate. Delayed
germination often assures the survival of a plant.

● Asexual reproduction enables plants to spread rapidly in
a favorable environment but can result in a lack of
genetic variation among offspring.

● Human methods of plant propagation include using
cuttings, layering, grafting, and tissue culture.
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USING VOCABULARY
1. For each pair of terms, explain how the meanings

of the terms differ.
a. microspore and megaspore
b. pollination and double fertilization
c. sepal and petal

2. For each pair of terms, explain the relationship
between the terms.
a. homospory and heterospory
b. polar nuclei and embryo sac
c. integument and micropyle

3. Use the following terms in the same sentence:
dormancy, plumule, radicle, and seed coat.

4. Word Roots and Origins The word carpel is
derived from the Greek word karpos, which
means “fruit.” Using this information, explain why
the term carpel is a good name for the structure
that the term describes.

UNDERSTANDING KEY CONCEPTS
5. Name the sexual reproductive structures in a

moss life cycle, and describe the function of each.
6. Identify the dominant stage in the life cycle 

of a fern.
7. Summarize the adaptation that allows gym-

nosperms to sexually reproduce in the absence
of environmental moisture.

8. Explain how heterospory can be an advantage
over homospory.

9. Describe the roles of the parts of a flower that do
not participate directly in reproduction.

10. Describe the roles of the parts of a flower that do
participate directly in reproduction.

11. Distinguish between embryo sac formation and
pollen grain formation.

12. Draw a diagram showing the events and plant
structures involved in angiosperm pollination.

13. Distinguish the process of fertilization in gym-
nosperms from the process of fertilization in
flowering plants.

14. Identify one example of a plant structure that is
an adaptation for fruit or seed dispersal.

15. Describe the two characteristics used for classify-
ing fruits.

16. Explain the advantage of the hypocotyl hook that
the embryos of some seeds form as the plant
emerges after germination. 

17. Explain why asexual reproduction can be an
advantage for plants that are well-adapted to
their environment.

18. Compare two methods of plant propagation used
by humans.

19. CONCEPT MAPPING Use the following 
terms to create a concept map that

describes male reproductive structures in flower-
ing plants: anther, generative cell, microspore
mother cell, stamen, microspore, pollen grain,
and tube cell.

CRITICAL THINKING
20. Recognizing Relationships In many flowers with

both stamens and pistils, the stigma is located
well above the anthers. What might be the value
of such an arrangement?

21. Analyzing Information Following the self-
pollination of some plants, the pollen tubes die
before reaching ovules. What is the significance
of this event?

22. Justifying Conclusions If you were to discover a
new type of rose, would you use vegetative parts
or seeds to propagate the rose and produce large
numbers of identical plants? Justify your answer.

23. Interpreting Graphics In the photograph below,
the houseplant on the left shows a Sansevieria
trifasciata, which has yellow-edged leaves. A sec-
tion of the leaf, or a leaf cutting, can be used to
produce new plants. However, as shown on the
right side of the photograph, only shoots with 
all-green leaves and no yellow edges will form.
How do you explain this?
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Standardized Test Preparation
DIRECTIONS: Choose the letter of the answer choice
that best answers the question.

1. The production of a single type of spore is a char-
acteristic of the life cycles of which kinds of
plants?
A. mosses and most ferns
B. most ferns and gymnosperms
C. mosses and most gymnosperms
D. mosses, most ferns, and gymnosperms

2. Why is sexual reproduction in gymnosperms and
other seed plants independent of seasonal rains?
F. These plants grow only near streams and

rivers.
G. Pollinators or wind carry the sperm to the

eggs.
H. Fertilization occurs inside structures within

the spores.
J. Fertilization always involves eggs and sperm

of the same plant.

INTERPRETING GRAPHICS: The illustration below
shows the four concentric whorls of a typical flower.
Use this illustration to answer the question that
follows.

3. In which whorl are the male reproductive
structures found?
A. 1
B. 2
C. 3
D. 4

4. Pollination in flowering plants is said to take
place when which of the following occurs?
F. when insects ingest nectar
G. when pollen lands on a stigma
H. when a sperm fuses with an egg
J. when a spore leaves a sporangium

DIRECTIONS: Complete the following analogy.
5. Generative cell : pollen grain :: egg cell :

A. ovary
B. carpel
C. receptacle
D. embryo sac

INTERPRETING GRAPHICS: The illustration below
shows the structure of a corn kernel, which is a
monocot seed. Use this illustration to answer the
question that follows.

6. Which structure of the corn kernel is the
endosperm, the source of nutrients?
F. 1
G. 2
H. 3
J. 4

SHORT RESPONSE
A seed will not germinate until it is exposed to certain
environmental conditions. 

List two environmental factors that influence seed
germination, and describe the mechanisms by which
they trigger the germination process.

EXTENDED RESPONSE
Double fertilization is unique to angiosperms.

Part A What cells participate in double fertilization,
and what products do they form?

Part B What are the evolutionary advancements
seen only in angiosperms, and what advan-
tages do they confer?

If  you are not sure about the
spelling of certain words when answering the short- 
or extended-response questions, look at the question
to see if the same word appears in the question.

1

2

3

4

1

2

3

4
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Comparing Seed Structure and
Seedling Development

■ Observe the structures of dicot and monocot seeds.
■ Compare the structure of dicot and monocot embryos.
■ Compare the development of dicot and monocot

seedlings.

■ relating structure to function
■ comparing and contrasting
■ identifying
■ collecting data

■ 1 pea seed soaked overnight
■ 6 bean seeds soaked overnight
■ 6 corn kernels soaked overnight
■ stereomicroscope
■ scalpel
■ Lugol’s iodine solution in dropper bottle
■ paper towels
■ 2 rubber bands
■ 2 150 mL beakers 
■ glass-marking pen
■ metric ruler
■ microscope slide and cover slip
■ medicine dropper
■ compound light microscope

Background
1. What are the parts of a seed?
2. In what ways are seeds like their parent plant?
3. How do monocotyledons and dicotyledons differ?
4. What changes occur as a seed germinates?

Seed Structure
1. Obtain one each of the following seeds—pea, bean,

and corn.
2. Remove the seed coats of the pea and bean seeds.

Open the seeds, and locate the two cotyledons in
each seed.

3. Using the stereomicroscope, examine the embryos of
the pea seed and the bean seed.

4. In your lab report, draw the pea and bean embryos
and label all of the parts that you can identify.

5. CAUTION Put on a lab
apron, safety goggles, and

gloves. In this lab, you will be working with a chem-
ical that may irritate your skin or stain your skin
and clothing. If you get a chemical on your skin or
clothing, wash it off at the sink while calling to
your teacher. If you get a chemical in your eyes,
immediately flush it out at the eyewash station
while calling to your teacher. Use the scalpel care-
fully to avoid injury. Examine a corn kernel, and find
a small, oval, light-colored area that shows through
the seed coat. Use the scalpel to cut the kernel in
half along the length of this area. Place a drop of
iodine solution on the cut surface.

6. Use the stereomicroscope to examine the corn
embryo. In your lab report, sketch the embryo and
label all the parts that you can identify.

Seedling Development
7. Set five corn kernels on a folded paper towel. Roll up

the paper towel, and put a rubber band around the
roll. Stand the roll in a beaker with 1 cm of water in
the bottom. The paper towel will soak up water and
moisten the corn. Keep water at the bottom of the
beaker, but do not allow the corn kernels to be cov-
ered by the water.

PART B

PART A

MATERIALS

PROCESS SKILLS

OBJECTIVES

EXPLORATION LAB
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8. Repeat step 7 with five bean seeds.
9. After three days, unroll the paper towels and examine

the corn and bean seedlings. Use a glass-marking pen
to mark the roots and shoots of the developing
seedlings. Starting at the seed of the corn and at 
the cotyledon node of the bean, make a mark every
0.5 cm along the root of each seedling. And again
starting at the seed of the corn and at the cotyledon
node of the bean, make a mark every 0.5 cm along the
stem of each seedling. Measure the distance from the
last mark on the root to the root tip of each seedling.
Also measure the distance from the last mark on the
stem to the shoot tip of each seedling. Record these
data in your lab report.

10. Draw a corn seedling and a bean seedling in your lab
report. Using a fresh paper towel, roll up the seeds,
place the rolls in the beakers, and add fresh water to
the beakers.

11. Make a data table similar to the one shown below in
your lab notebook. Expand your table by adding
columns under each “Roots” and “Stems” head to
account for every section of the roots and stems of
your seedlings.

12. After two days, reexamine the seedlings. Measure the
distance between the marks, and record the data in
your data table.

13. CAUTION Use the scalpel carefully to avoid
injury. Using the scalpel, make a cut about 2 cm

from the tip of the root of a bean seedling. Place the
root tip on a microscope slide and add a drop of
water. Place a cover slip over the root tip. Using a
compound light microscope on low power, observe the
root tip. In your lab report, draw the root tip.

14. Clean up your materials and wash your
hands before leaving the lab.

Analysis and Conclusions 
1. What protects the tips of corn shoots as they push

through the soil? What protects the bean shoots?
2. What types of leaves first appear on the bean

seedling?
3. What substance does the black color in the corn kernel

indicate? Why might you expect to find this substance
in the seed?

4. Examine the data you recorded for steps 9 and 12. Has
the distance between the marks changed? If so, where
has it changed?

5. What parts of the embryo were observed in all seeds
on the third day?

6. How does the structure and development of the corn
kernel differ from the structure and development of
the pea and bean seeds?

7. What was the source of nutrients for each seed
embryo? What is your evidence?

8. Describe the growth in the seedlings you observed.
9. Corn and beans are often cited as representative

examples of monocots and dicots, respectively. Relate
the seed structure of each to the terms monocotyledon
and dicotyledon.

Further Inquiry
Design an experiment to find out how monocots and dicots
compare in general plant growth and in the structure of
their leaves and flowers.

CORN AND BEAN SEEDLING GROWTH AFTER TWO DAYS

Corn seedlings

Roots Stems

Seed to Root tip to Seed to Shoot tip to
first mark last mark first mark last mark

Bean seedlings

Roots Stems

Seed to Root tip to Seed to Shoot tip to
first mark last mark first mark last markSeedling

1

2

3

4

5
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