CHAPTER

Plant Biology
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Chapter Outcomes
After studying this chapter, you will be able to:
•
•
•
•
•

Describe the study of botany.
Compare different components of a plant cell.
Outline the types and functions of a plant tissue.
Describe plant parts and their functions.
Compare and contrast careers in plant biology.

Words to Know
achene
adenosine triphosphate
(ATP)
adventitious
angiosperm
anther
autotroph
berry
capsule
caryopsis
cell
cellulose
chlorophyll
chloroplast
chromoplast
collenchyma
cortex
cytoplasm

cytoskeleton
dehiscent
deoxyribonucleic acid
(DNA)
drupe
endoplasmic reticulum
(ER)
epidermis
filament
follicle
Golgi bodies
guard cell
gymnosperm
heterotroph
indehiscent
inflorescence
internode
leaf mesophyll

legume
leucoplast
lysosome
meristematic
mitochondria
node
nucleolus
nucleus
nut
oil bodies
parenchyma
periderm
petal
phloem
pistil
pith
plasma membrane

plasttid
pom
me
ribon
nucleic acid
id (RN
NA)
A)
ribossome
sama
ara
schizzocarp
sclerrenchyma
sepal
siliqu
ue
stam
men
stom
mata
strom
ma
thyla
akoid
tonoplast
turgo
or
vacu
uole
xylem
m

Before You Read
As you read the chapter, record any questions that come to mind. Indicate where the answer to
each question can be found: within the text, by asking your teacher, in another book, online, or
by reflecting on your own knowledge and experiences. Pursue the answers to your qu
uestions.
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L

on earth depends on plants. Plants nourish
n
our bodies, build
hous
ho
u es, provide shade, feed animals, and crreate clothing. Plants are
terrrestrial, multicellular organisms that are able to capture light energy
te
ffrrom the sun and make their own food (sug
gar) in a process called
photosynthesis (photo means light, synthesiss means putting together).
Photosynthesis creates materials that suppo
Ph
ort most other living organisms.
Organisms that use the process of photosyn
nthesis to make their own
food are called autotrophs, or self-feeders. Plants
P
are autotrophs. Some
algae and bacteria are also autotrophs. Peop
al
ple, animals, fungi, and some
b cteria, however, are heterotrophs. Hetero
ba
otrophs are organisms that
u e external sources of food or energy to fu
us
uel their development. These
external sources of energy often can be tracced back to plants. For instance,
ex
when we eat beef, we are sustained by the meat
m
made by the cattle when
they grazed on plants.
th

Study of Botany
The branch of science that deals with the study of plant life is called
botany. Botany is a rich field of research and learning. Botany has historical
roots in medicine, with people pursuing the identification of edible,
medicinal, and poisonous plants. Gardens in monasteries provided a
collection of medicinal herbs and plants for food, Figure 8-1. Horticulture
became the practice of transferring scientific knowledge about plants into
practical skills for cultivating plants for edible and ornamental purposes.

eFesenko/Shutterstock.com

Figure 8-1. Monks practiced horticulture, tending medicinal plants and cultivating fruits
and vegetables on monastery grounds.
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Botany Disciplines

Corner Question

Botany has several scientific disciplines. These include:
• Plant physiology—the study of plant growth and development.
• Plant taxonomy and systematics—the study of relationships among
plants and their naming and classification.
• Genetics—the study of heredity and variation in organisms.
• Molecular biology—the study of the structure and function of plants at
a molecular level.
• Economic botany—the study of past, present, and future uses of plants
by people.
• Ecology—the study of the relationships and interactions among plants
and organisms in an environment.
• Paleobotany—the study of plant fossils and ancient vegetation.
Botanists have identified a framework of key structures and functions
that provide an understanding of how plants grow. From the twisting tendrils
of a squash vine to the needle-sharp thorns of a rose, plant parts form the
basis for how a plant grows and develops.

Plant Cells
The basic unit of the plant is the cell. The cell contains many different
organelles (structures) that drive plant processes. The suffix -ellee means small,
so organelles are essentially small organs within the cell, providing similar
functions as the organs found in animals.
A plant cell is bounded by cell wall made
Smooth
Rough
from a material called cellulose. Cellulose
endoplasmic
p
endoplasmi
lasmic
c
is a polysaccharide (poly
y means many,
reticulum
reticulu
um
saccharidee means sugars) that gives the
wall strength and rigidity, Figure 8-2.

Cell Membrane
Inside the cell wall is a permeable
plasma membrane that controls what
substances enter or leave the cell. These
include substances, such as the gases
carbon dioxide or oxygen, that might
passively diffuse across the membrane.
Other ions or molecules, such as sugars
or salts, require the cell to expend
energy in active transport, often with the
help of specialized proteins that serve
as ”gates.” The plasma membrane also
organizes the production of cellulose
that makes up the cell walls and plays a
role in cell growth and differentiation.
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What is the world’s
smallest plant?

“I decided that

my means were
sufficient to enable
me to devote
myself to botany, a
determination which
I never, during
the long period of
my subsequent
career, had on
any occasion any
reason to repent of.”
—George Bentham
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Figure 8-2. A typical plant cell contains a cell wall, plasma
membrane, nucleus, organelle, and other structures.

200 Horticulture Today

Cell Nucleus
The nucleus is a large organelle found in a plant cell that has two primary
functions:
• It controls cellular activities by determining when and which proteins
are produced.
• It stores the cell’s genetic information and passes this information on
to daughter cells through cellular division.
The nucleus is bounded by a pair of membranes and contains the plant’s
genetic material, deoxyribonucleic acid (DNA). DNA consists of a chain
of nucleotides wrapped around a protein. DNA condenses during cellular
division into shapes referred to as chromosomes. The order of the nucleotides
is important, as that is the genetic code for an individual organism (its
genes). Mistakes in the genetic code (caused by chemicals, radiation, or other
factors) cause mutations. The nucleus also includes ribonucleic acid and
the nucleolus. Ribonucleic acid (RNA) manufactures proteins based on the
genetic information provided by DNA and plays a significant role in gene
expression. The nucleolus is responsible for the formation of ribosomes.
The cytoplasm surrounds the organelles and nucleus, filling the inside
of the cell. Many substances are found in the cytoplasm, such as amino
acids, sugars, enzymes, and waste products (on their way to disposal).
These substances are used by the cell to produce proteins, maintain the cell
metabolism, and keep the cell functioning successfully.
Inner membrane

Outer membrane

Chloroplasts and Other
Plastids

A chloroplastt is the most important
plastid (an organelle that contains food
or pigment) because it is the site where
Granum
photosynthesis occurs. Chloroplasts primarily
contain chlorophyll, a green pigment that is
a receptor of light energy in the red and blue
Lumen
wavelengths. Green light is reflected instead
Stroma
Stroma
Thylakoid
of absorbed, which is why chloroplasts appear
lamellae
green. (Chloro means green). Chlorophyll is
BlueRingMedia/Shutterstock.com
found in the stacks of thylakoids, surrounded
Figure 8-3. Chlorophyll is found the stacks of thylakoids,
by the stroma, Figure 8-3. Thylakoids are
surrounded by the stroma.
disc-shaped sacs surrounded by membranes
on which the light reactions of photosynthesis take place. The stroma is the
aqueous space outside the grana (stacks of thylakoids).
The chloroplast also contains carotenoid pigments, which absorb light
energy in the blue-green and violet range and reflect the longer yellow,
orange, and red wavelengths. A single plant cell may contain as many as
40–50 chloroplasts. Chloroplasts can physically adjust themselves to optimize
the amount of light captured or even to deflect damage from high light
situations.
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History Connection
George Washington Carver
George Washington Carver (c. 1864–1943) was
an agriculturist, inventor, botanist, and chemist. Born
into
o slavery in southwest Missouri, Carver set himself
on a path of education that eventually led to his
enro
rollment first at Simpson College and then at Iowa
Sta
ate University. After earning his master’s degree at
Iow
wa State, Carver became the first African American
facculty member at the university. In 1896, Booker
T. Washington invited Carver to be the director of
the
e agriculture department at Tuskegee Institute in
Ala
abama, where he taught for 47 years.
Carver was deeply committed to helping
sou
uthern farmers succeed through improved
agrricultural practices. While at the Tuskegee
Insstitute, he developed successful methods of
cro
op rotation, introduced alternative cash crops
tha
at also helped improve soil quality, and initiated
ressearch into crop products. Carver explored uses
for a number of crops, including sweet potatoes
and
d peanuts. He found over 300 ways to transform
the
e peanut into different foods, medicines, plastics,

Everett Historical/Shutterstock.com
m

grease, cosmetics, and many other products.
This occurred at a time when the boll weevil was
devastating cotton crops and the peanut kept
farms in business. George Washington Carver
is remembered as a humble humanitarian, an
advocate for racial equity, and a leading scientist
who transformed farming in the United States.

Two other types of plastids are chromoplasts and leucoplasts.
Chromoplasts are pigmented plastids that contain carotenoids. Chromoplasts
are often responsible for the saturated yellow, orange, and red colors found
in flowers, aging leaves, fruit, and some roots such as carrots. Leucoplasts
are colorless plastids that perform functions such as synthesizing starch and
forming oils and proteins.

Mitochondria
Commonly considered the powerhouse of the cell, mitochondria are the
parts of the cell that drive the process of respiration and energy transfer that
living organisms need to survive. The glucose produced by plants goes through
a series of chemical reactions inside the mitochondria, eventually producing
adenosine triphosphate (ATP). Adenosine triphosphate (ATP) is a nucleotide
found in the mitochondria and the principal source of energy for cellular
reactions. ATP provides energy to sustain life. Plants may contain hundreds and
even thousands of mitochondria in a single cell. Mitochondria can move within
the cell to places where energy is required. Like chloroplasts, mitochondria also
have inner membranes where their work is performed. Both mitochondria and
chloroplasts also have their own DNA and reproduce on their own, regardless of
whether the cell itself is going through cell division at that time.
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Vacuoles
A vacuole is a large cavity (often taking up to 90% of the space within the
cell) found within the plant cell that stores cell sap, waste products, pigments,
or other liquids. A permeable membrane called the tonoplastt surrounds the
vacuole and regulates the entrance and exit of these materials. Cell sap, made
primarily of water, contains ions (such
as calcium, potassium, chlorine, sodium)
and solutes (such as sugars and amino
acids). This liquid creates pressure, or
turgor,
r within the plant cell, and helps
provide rigidity and support to plant
structures. Turgor within the cell, along
with cellulose in the cell wall, provides
the stiffness required for leaf and stem
support. Without turgor, plants wilt.
Turgor also controls the opening and
closing of guard cells around the stomata
of plants, controlling the exchange of
gases and water vapor between the plant
and the environment. Vacuoles also may
serve as storage units for anthocyanin
pigments. These are the blue (cyan means
HandmadePictures/Shutterstock.com
blue), violet, purple, dark red, or scarlet
Figure 8-4. Anthocyanins, the red or blue-violet pigments that are
colors that give brilliance to cabbage
found in many plant parts, including roots, stems, leaves, flowers
and fruits, are located within the cell vacuole. What other plants
leaves, beet roots, cherry fruit, rose petals,
have this coloring?
and fall colors of maple leaves, Figure 8-4.

Oil Bodies
Oil bodies are lipid droplets that are spherical in nature. While found
throughout cells in the plant, they are most concentrated in fruits and seeds.
Nearly half of the weight of sunflower, peanut, flax, and sesame seeds comes
from oil, which provides energy for the developing seedling.

Endoplasmic Reticulum
The endoplasmic reticulum (ER) is a complex, folded membrane system
that provides a channel for transporting proteins and lipids in the cell. ER can
appear rough or smooth. Rough ER has ribosomes attached. Smooth ER is
more tubular in form and is involved in lipid synthesis.

Ribosomes
A ribosome consists of ribosomal RNA (rRNA) and protein, and is
actively involved in the synthesis of proteins. Ribosomes are minute and
can be found in large quantities in the cytoplasm and attached to the
rough ER. Smaller ribosomes can also be found in the mitochondria and
plastids.
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Golgi Bodies
Golgi bodies are organelles usually found close to the nucleus that have
several functions. Golgi bodies control the flow of molecules in the cell,
modifying some before packaging them into vesicles for transport to other
parts of the cell or for excretion outside the cell. Golgi bodies serve to collect
and bundle proteins, lipids, and other substances for use within the cell. They
act like a post office, sorting and delivering vital substances.

Lysosomes
The lysosome is the digestive system in the cell, using enzymes to break
down large molecules like proteins, polysaccharides, lipids, and nucleic
acids. Lysosomes provide a contained place for digestion of large molecules
without damaging the molecules of the cell.

Cytoskeleton
The cytoskeleton is protein filaments and motor proteins in the cell. It is
composed of three major structural fibers:
• Microtubules.
• Microfilaments, also known as actin filaments.
• Intermediate filaments.
These protein filaments form an enormous network that can be crosslinked to other similar filaments and to membranes by means of accessory
proteins. The linking of proteins increases cellular rigidity, keep organelles
in place and provides a means of transport within the cell. The filaments
can easily assemble and disassemble into bundle shapes to assist in the
movement of molecules in the cell.

Plant Tissues
Plants develop cells that specialize in specific roles or functions.
The meristematic cells are responsible for cell formation and growth.
Meristematic cells can further develop into specialized cells. The
organizations of similarly specialized cells are called plant tissues, which can
then collectively be ordered into organs.

Meristem
Meristematic cells divide into new cells, and are most numerous in regions
of rapid plant growth. Most growth in plants occurs at the tips of both the main
and lateral shoots as well as at the root tips. These growing regions are referred
to as the apical meristems. The cells in these regions allow the plant to elongate,
or lengthen, in size. Girth, or growth in diameter (think of an expanding tree
trunk throughout the years), occurs inside the stem and roots in cells called
the vascular cambium, a type of secondary meristem. The exception to these
growth patterns can be found in monocots (discussed later in this chapter).
Most monocots grow from their leaf bases.
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Thinking Green
The Many Uses of Bark
The bark of a tree protects the cambial layers
from injury; it also has multiple uses from cork
and canoes to baskets and clothing. Across the
globe, clothes have been crafted from bark fibers.
In parts of eastern Asia and Polynesia, tapa cloth
comes from tough interlacing bast fibers extracted
from the bark of the paper mulberry, Broussonetia
papyrifera. The bark strips are soaked, cleaned,
and pounded together with mallet. The resulting
cloth can be as thin as muslin or as thick as leather.
Bark has also been used for thousands of years
to create canoes. Native Americans harvested paper

birch (Betula papyrifera) in one continuous sheet. The
sheet was then used to cover the wooden boat frame.
Paper birch is lightweight and durable. Cork has long
been harvested from cork oak trees (Quercus suber)
r
and used for everything from clothing to floors.
The bark of some trees has potential medicinal
properties. The first aspirin came from the bark of a
willow tree, which has a chemical compound called
salicin. Phenolics in some tree bark may contain
anti-inflammatory compounds that can be used to
treat arthritis, high blood pressure, asthma, and
heart disease.

Epidermis
The epidermis covers the outside areas of a plant (stem, leaves, and
roots) and protects the plant from environmental stresses, such as heat,
insects, and pathogens. It also minimizes water loss and provides a site for
gas exchange of carbon dioxide and oxygen. Guard cells are specialized
epidermal cells surrounding pores called stomata. Guard cells control the
opening or closing of the stomata by changing shape and making the opening
wider or narrower. The guard cells determine when the stomata should be
open or closed. The stomata are pores on leaves that open and close to allow
for gas exchange and control water loss, Figure 8-5. A waxy covering on the
epidermis (called the cuticle) also prevents water loss. In dry, hot climates the
cuticle on plants is very thick.

Thin cell wall
Thick cell wall

Epidermal cell

Vacuole

Stoma

Nucleus

Chloroplast
Guard cell
(high pressure)

Guard cell
(low pressure)
Stoma Open

Stoma Closed
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Figure 8-5. Guard cells control the opening or closing of the stomata to allow gas exchange and minimize water loss.
They are typically found on the underside of leaves.

Copyright Goodheart-Willcox Co., Inc.

Chapter 8 Plant Biology 205

Bark (Periderm)
In woody plants, the bark, or periderm, replaces the
epidermal layer, providing protection and preventing
water loss. The cork cambium, found just beneath the
bark layer, divides and produces bark tissue. Cork
used to make corkboards comes from the bark of the
evergreen cork oak (Quercus suber L.). It is harvested
from the tree every 9–12 years in a way that does not
harm the tree, Figure 8-6.

Phloem

LianeM/Shutterstock.com

Phloem is a type of living tissue (called vascular
Figure 8-6. The cork oak produces a spongy
tissue) that carries photosynthetic products synthesized
periderm that is harvested to produce cork
in the chloroplasts throughout the plant. Phloem consists
flooring, bulletin boards, and even insulation.
of a series of cells called sieve cells. Collectively, the
phloem tissue also provides structural support for the plant. Phloem fibers
from flax, hemp, and jute are used in the production of cloth and rope.

Xylem
Just as phloem tissue conveys sugars and other substances, xylem tissue
conducts water and nutrients from the roots throughout the plant. Unlike
phloem, mature xylem tissue is nonliving. Xylem can also provide structural
support to the plant and offer space to store food, Figure 8-7. Xylem and
phloem are found in the vascular cambium layer of a plant, and are damaged
when bark is removed from a tree. If bark is removed in a complete circle
around the trunk of a tree (girdling), the tree will die.

Cortex
Cambium
Epidermis
Pith

Corner Question
Xylem

Phloem

Xylem

Cambium Phloem
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Figure 8-7. Phloem and xylem tissue extend throughout the plant, providing a system that
conducts nutrients, water, and food.
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What is the world’s
fastest-growing plant?
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Parenchyma and Collenchyma
Did You Know?
When you bite into
an apple, the juice is
released from damaged
parenchyma cells.

Parenchyma are the most common plant tissue. They are made up of
the vascular tissue of the cortex (outer layers), pith (inner layers) of stems
and roots, and leaf mesophyll (internal layers of leaves). Parenchyma form
the greatest portion of the plant. They serve a number of functions including
storage, gas exchange, wound healing, secretion and excretion of plant
substances, and adventitious growth. Adventitious means growing from an
unusual place, as in plant roots that grow from stems or leaves.
Collenchyma are closely related to parenchyma cells and specialize in
structural support. They have thickened cell walls made of cellulose, but
maintain flexibility. They provide support and minimize breakage and can be
found near the veins of leaves. When you eat celery, the tough lines of tissue
that peel down the outside of the celery are collenchyma cells.

Sclerenchyma
Sclerenchyma plant cells have thick, lignified walls that provide physical
strength and support to stems, especially in woody plants. Sclerenchyma can
also be found in certain fruits, such as pears, cherries, peaches, and plums.
The gritty texture of a pear is due to the presence of sclerenchyma cells.

Plant Parts and Their Functions
Plants may have six different parts: roots, stems, leaves,
flowers, fruits, and seeds. Roots, stems, and leaves have specific
functions. They have been organized by scientists into three
primary organ types of plants. Flowers and fruits are believed to
have developed from stem and leaf tissues. However, they have
such horticultural importance that they will also be included in
this discussion.

Roots
Burrowing deep into the soil, roots provide several essential
functions for plants. These functions include:
• Uptake of water and nutrients.
• Anchorage and support.
• Storage of nutrients and food.

Taproots

Showcake/Shutterstock.com

Figure 8-8. Taproots are long roots
that grow deeply into the soil. What are
the advantages of taproots? Are there
disadvantages?

Root systems are categorized as either a taproot system or
a fibrous root system. Taproots originate from the seed root, the
radicle. Taproots tend to grow directly downward with lateral
roots emerging as branching roots, Figure 8-8. Examples of
plants that have taproots include alfalfa, oak and maple trees,
carrots, and radishes. Other tree species such as spruce, beech,
and poplar have much shallower taproots. The length and depth
of the taproot depends greatly on soil characteristics, such as
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texture, structure, and water table depth. Often,
lateral roots will reach far greater distances than
the spread of the branches of a plant.

Fibrous Roots
Fibrous root systems are shallow and dense.
These roots cling firmly to soil, Figure 8-9.
Fibrous roots emerge as adventitious roots from
the stem and provide excellent erosion control.
Adventitious roots grow from plant parts other
than roots, most commonly from stem or leaf
tissues. Monocot plants, such as grasses, are good
examples of a fibrous root system. Fibrous roots
can also be found in species such as lettuce and
petunias.

Adventitious Roots

Leigh Prather/Shutterstock.com

Figure 8-9. Many turfgrasses have thick, dense, fibrous
root systems, making them ideal for controlling soil
erosion. What other benefits do dense turfgrass root
systems provide?

Adventitious rooting is the primary reason
horticultural propagation of numerous plants
is possible. Adventitious roots can be found
growing out of the stem of corn or tomatoes and
may prop or anchor the plant, Figure 8-10A.
Roots growing out of the nodes of climbing vines,
such as ivy, provide support against a surface.

Air Roots
Roots also require oxygen for respiration,
thereby limiting many plants from growing in
very wet soils. Saturated soils from overwatering
or flooding can kill a plant. Specialized roots,
called air roots or pneumatophores, provide
aeration for mangroves, Figure 8-10B.

A
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B
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Stems
Stems are the main axis of the plant that
holds the leaves and flowers. The stem extends
the vascular system of cells that begins in the
root, carrying water and nutrients through xylem
and phloem to other parts of the plant. Stems
provide support for the plant. They can also store
food, usually carbohydrates. A potato (Solanum
tuberosum L.) is an underground stem (called
a tuber) that has been modified to function as
storage. Many stems are edible, have aesthetic
value (such as the exfoliating bark of many
trees), can be used as fuel or building material, or
provide a habitat for wildlife.
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Figure 8-10. A—Adventitious roots grow from stem
tissue in corn, providing stability for the plant.
B—The pneumatophores on these mangroves provide a
way for the plant to obtain oxygen needed for respiration.
Which other plants have pneumatophores?
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Nodes, Internodes, and Buds
A stem has nodes, the areas where leaves
develop, and internodes, or the spaces between
nodes, Figure 8-11. Buds are a stem’s growing point
and can be either leaf buds or flower buds. They can
be found in the leaf axil, the space between where a
leaf and stem intersect. These are called lateral buds.
Terminal buds are found at the shoot tip, or apex.
Terminal buds exhibit apical dominance. In apical
dominance, one stem becomes the leader and lateral
growth is suppressed by a hormone called auxin.
In horticulture, terminal buds can be pinched off or
pruned, encouraging more growth by lateral buds,
resulting in bushier growth.

Bud Arrangement

Bud arrangement on a stem may be alternating
(staggered along the stem), opposite (in pairs across
from each other), or whorled (in a group of three or
more). These can be key identifying feature for many
species. Buds can be protected by bud scales, a type
of modified leaf. Some buds may undergo dormancy or a rest period during
certain seasons, enabling plants to tolerate unfavorable growing conditions.

Figure 8-11. Nodes are the intersection on the stem
where the leaf is attached. In horticulture, pruning
cuts are made immediately above the node. Where
on the stem are cuts made for flowers used in floral
arrangements?

Specialized Stem Structures
Many stems are modified into specialized structures:
• Corm—a short, solid, fleshy underground stem, Figure 8-12A.
• Bulb—a large bud with a short stem fully surrounded by modified
leaves called scales, with adventitious roots that emerge from the stem
bottom. Tunicate bulbs, such as tulips and onions, are covered with
a papery covering. Scaly bulbs, such as lilies, have overlapping leaf
bases that do not completely enclose the bulb, Figure 8-12B.
• Rhizome—an underground stem that runs horizontally beneath the
soil’s surface and produces roots and shoots, Figure 8-12C.
• Stolon—similar to rhizomes, a stolon is a slender stem that produces
roots and shoots at the nodes but runs above ground and emerges
from leaf axils. Bermuda grass is an example of a stolon.
• Runner—a specialized stolon that forms new plants at the tip,
Figure 8-12D. Strawberries are a common example of plants with runners.
• Crown—the area of the stem found at the soil’s surface, near the
transition of root to shoot. It can be compacted stem tissue. Hostas,
rhubarb, and asparagus are considered crowns, Figures 8-12E and 12F.
• Spur—a modified stem on a mature woody plant with short
internodes. It often develops into flower and fruiting tissue.
• Sucker—an adventitious shoot that develops from root tissue and can
be used to propagate plants such as brambles or figs.
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• Watersprout—an adventitious shoot that arises from stem tissue and
provides valuable grafting material, particularly for fruit trees.
• Tendril—a modified, flexible shoot that wrap around or hook
onto material for support. Members of the squash family, such as
cucumbers or pumpkins, use tendrils to climb a trellis, Figure 8-12G.
• Thorn, spine, and prickle—plant parts modified for defense. Thorns and
prickles are modified stems, and spines are modified leaves. Thorns are
sharp, strong, hardened stem tissue. Prickles are small, sharp outgrowths
of the plant’s outer layer, the epidermis, Figure 8-12H. Spines arise from
leaf tissue that is modified into a hardened pointed structure.
• Cladophyll—a modified stem that is flattened and leaflike in
appearance and is optimized for photosynthesis, Figure 8-12I.

A

Sever180/Shutterstock.com

B

de2marco/Shutterstock.com

C

Zigzag Mountain Art/Shutterstock.com

D

vilax/Shutterstock.com

E

Bildagentur Zoonar GmbH/Shutterstock.com

F

mikeledray/Shutterstock.com

G

Andrew Ferguson/Shutterstock.com

H

dadalia/Shutterstock.com

I

Nils Z/Shutterstock.com

Figure 8-12. A—These gladiolus stems are an example of a corm. B—Lily bulbs are nontunicate. C—Ginger is one
example of a fleshy rhizome. D—Strawberry plants have runners. E—Hostas are typically propagated by dividing their
crown into new pieces for planting. F—Rhubarb plants may also be propagated by dividing the crown. G—Tendrils
allow these grapes to climb supports and gain better access to light. H—Roses have prickles, not thorns. I—Asparagus
“leaves” are really cladophylls, or modified photosynthetic stems.
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Leaves

Blade

Leaves are the primary part of the stem where
photosynthesis occurs. The leaf is typically comprised
of both the blade (flattened portion) and the petiole
(leaf stalk), Figure 8-13. Sometimes leaves do not have
a stalk but instead are attached directly to the plant
base, or sessile. Leaves can be arranged a number
of different ways on the stem, including alternate,
valzan/Shutterstock.com
opposite, or whorled, Figure 8-14. Alternate leaves are
Figure 8-13. The leaf is the primary organ for
attached singly to the stem at a node. In an opposite
photosynthesis and commonly is a flat surface
arrangement, a pair of leaves is attached to the stem
designed to optimize the capturing of light energy.
on opposite sides. In whorled arrangements, leaves
Which plant has the largest leaves?
may be arranged in groups of three or more.
Leaves can be simple or complex. Simple leaves have only one blade.
I am constantly The blade is not divided into smaller leaflets. Maple, oak, and dogwood
roving about, to
trees all have simple leaves. Compound leaves have two or more blades
see what I have
known as leaflets. The leaflets look like leaves but do not have a bud at their
never seen before base. Honey locust, walnuts, and ash have compound leaves, Figure 8-15.
Compound leaves are in either a pinnate or palmate pattern. Pinnate patterns
and shall never
have
leaflets on both sides of the petiole. Palmate patterns have leaflets
see again.
growing from a single point on the petiole, such as a horse chestnut.
Petiole

“

”

—Thomas
Jefferson

Leaf Venation
Simple leaves can have the following types of venation, or vein pattern:
• Parallel. Veins run in parallel lines throughout the leaf and can be
found in all monocots. Grasses, including corn, have parallel venation.
• Palmate. The main veins of the leaf start at a common point. They fan
out to the leaf tips and look similar to the palm of a hand. Maples have
palmate venation.
• Pinnate. Veins arise in lateral pairs on either side of the main vein.
Beech trees have pinnate venation.

A

violetkaipa/Shutterstock.com

B

Madlen/Shutterstock.com

C

Tatiana Volgutova/Shutterstock.com

Figure 8-14. Leaf arrangement is a common characteristic used in plant identification. A—Alternate. B—Opposite.
C—Whorled.
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A

aarows/Shutterstock.com

B

In Tune/Shutterstock.com

Figure 8-15. Compound leaves can be found on plants like ash (A) and honey locust (B).
What other plants can you identify that have compound leaves?

Leaf Anatomy
The anatomy of leaves reflects their function as photosynthetic
structures, Figure 8-16. A protective upper and lower epidermis surrounds
the leaf. These epidermal layers are often covered with a waxy cuticle to
prevent water loss. Stomata (singular: stoma) most commonly occur on the
underside of the leaf and provide openings for gas exchange. The guard cells
enclose the stomata and open when full of water (turgid). They collapse and
close the opening when the plant is flaccid (drooping due to lack of water).

Sunlight

Cuticle

Epidermis
Xylem
Phloem

Palisade
mesophyll

Spongy
mesophyll

Stoma

Oxygen
(O)

Carbon dioxide
(CO2)

Veins
Designua/Shutterstock.com

Figure 8-16. The various essential structures of a leaf aid in photosynthesis, prevent
water loss, and perform other functions.
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“A garden requires

Carbon dioxide can be captured through the stomata for photosynthesis
and oxygen can be released. The mesophyll is the middle layer of leaf tissue
and contains numerous specialized cells including chloroplasts, where
photosynthesis occurs.

patient labor and
attention. Plants do
not grow merely to
Leaf Adaptation
satisfy ambitions
Leaves have adapted in a number of ways to optimize capturing light
or to fulfill good
energy or minimizing water loss. Needles found on coniferous plants are
intentions. They
short, narrow, and covered in a waxy cuticle to prevent excessive water loss
thrive because
in the winter. Leaves on plants in sunny areas will typically be thicker and
someone expended smaller, whereas leaves on plants in shady areas will be thinner and larger.
effort on them.”
Bracts are another leaf modification. They are often immediately below a
—Liberty Hyde
flower, such as in the poinsettia or dogwood. Some leaves, such as English
ivy, change shape as they grow from a juvenile state to adulthood. Other
Bailey

leaves are deciduous and will abscise (fall off) during colder temperatures or
due to other environmental factors, such as drought.

Carpel

Flowers

Flowers are the reproductive organs of a
fl
owering
plant, or angiosperm. Flowers consist of
Stamen
pistils, stamens, petals, and sepals, Figure 8-17. These
Style
Anther
four
floral organs are attached to a flower stalk, a
Ovary
thickened stem called the receptacle.
Filament
• The pistil is the female organs of the flower and
includes the ovary (which contains the ovules),
the style (a slender stalk where the pollen tube
develops), and the stigma (a sticky appendage
on top of the style where pollen is received). The
ovary matures into the fruit after fertilization,
and the ovules develop into seeds.
Ovule
Receptacles
Sepal
• The stamen is the male portion of the flower.
snapgalleria/Shutterstock.com
It contains the antherr (the part that produces
Figure 8-17. Illustration of typical flower parts.
pollen) and a thin stalk called the filamentt that
supports the anther.
• A petal is a modified leaf that surrounds the female and male
Did You Know?
reproductive parts of the flower. Petals can be vividly colored or
Pollen comes in many
shaped in a way that attracts pollinators. Collectively, the petals are
colors, including yellow,
called the corolla. In many flowers, the petals contain nectaries, glands
white, red, brown, and
that secrete nectar to attract pollinating insects, birds, or animals.
purple.
• The sepal is also a modified leaf. It surrounds and protects the flower
bud. Sepals are collectively called the calyx.
Petal

Stigma

Imperfect, Staminate, and Pistillate Flowers
Most flowers contain both the pistil and stamens and are considered
perfect. If a flower is missing either of these parts, it is called imperfect.
A flower with only male reproductive parts is called a staminate flower.
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Likewise, a flower with only female reproductive parts
is called a pistillate flower. If a plant has both male and
female flowers on the same plant, it is called monoecious
(meaning one house). Corn, squash, and begonias are
examples of monoecious plants, Figure 8-18. If a species
has separate plants with each plant having only male
flowers or female flowers, the plant is considered
dioecious (meaning two houses). Bittersweet, kiwi,
hemp, willow, gingko, and holly are all dioecious
species. If fruit is wanted from dioecious plants, both
a male and female plant are needed for fertilization
to occur. If a flower consists of all four floral organs,
(pistil, stamen, petals, and sepals), it is termed a
complete flower. If any one of the organs is missing, the
flower is called incomplete. The numbers of floral parts
tends to be consistent within a plant family.

ileana_bt/Shutterstock.com

Figure 8-18. The begonia species is an example
of a monoecious plant. It has separate male
flowers and female flowers on the same plant. The
female flowers are shown here.

Inflorescent Types
Petunias, tulips, and marigolds are single flowers set on a stem and are
considered solitary flowers. Clusters of single flowers gathered on a stem
are called inflorescences. There are a number of different inflorescent types,
Figure 8-19. Determinate inflorescences have a set number of flower buds
with the apex (top) bud opening first, followed by the other flowers on the
stem. Indeterminate flowers open on lateral buds first with flowers maturing
at the base first then onward to the apex. The floral axis will continue to grow
as flowers develop.

Composite Head

Panicle

Compound Umbel

Raceme

Solitary

Corymb

Spike
k

Cyme

Umbel
Goodheart-Willcox Publisher

Figure 8-19. Inflorescence types often reflect the relationship with specific pollinators and are important considerations
in landscape and floral design.
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Corner Question
What is the only fruit
to bear seeds on the
outside?

Fruits
A fruit is a mature ovary that has formed as a result of the fertilization
of the ovules. Fruit tissues surround the seed. The purpose of fruit is
to protect the seed inside and to aid in seed dispersal. As a fruit ripens,
the fruit tissues are called the pericarp. The pericarp has three parts: the
exocarp (the outermost layer), mesocarp (the middle layer), and endocarp
(the inner layer), Figure 8-20. Different fruits develop these layers in
various ways. There are a number of
different types of fruits that can be classified
as simple, aggregate, or multiple.
• Simple fruits develop from a single
pistil or carpel.
• Aggregate fruits develop from
flowers that have multiple pistils,
such as magnolias and raspberries.
• Multiple fruits result from many
flowers fusing together during the
maturation process. Pineapple,
fig, and mulberry are multiple
fruits.
Endocarp
• Parthenocarpic fruits, such as
Mesocarp
cultivated bananas, are fruits that
Pericarp
have developed without seeds.
Exocarp
Dionisvera/Shutterstock.com

Figure 8-20. The pericarp is the ripened ovary wall and
is comprised of the exocarp, mesocarp and endocarp.
Depending on the type of fruit, these layers are differentiated
in specific ways.

Simple fruits are further subdivided
into different types with many features
that have evolved to aid in seed dispersal.
Some are fleshy with a soft pericarp; these
include most edible horticultural crops.
Dry fruits have a hard, dry, nonsucculent
pericarp.

Fleshy Fruits
Fleshy fruits can have one seed or several seeds. They can be categorized
in groups:
• A berry is a fruit with fleshy walls (pericarps) and a number of
seeds, but without a stone. Common examples of berries are grapes,
blueberries, cranberries, oranges, and watermelons, Figures 8-21A
through 8-21E.
• A drupe is a fruit with a fleshy, soft mesocarp and a seed enclosed
by a hard, stony endocarp. Cherries, peaches, plums, and olives are
examples of drupes, Figures 8-21F through 8-21I.
• A pome is a specialized fruit with a tough endocarp that encloses the
seed. Pomes are part of the rose family and include apples, pears, and
quince, Figures 8-21J through 8-21L.
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A

HeinzTeh/Shutterstock.com

B

Maks Narodenko/Shutterstock.com

C

D7INAMI7S/Shutterstock.com

D

Dionisvera/Shutterstock.com

E

Alenavlad/Shutterstock.com

F

Dionisvera/Shutterstock.com

G

Nattika/Shutterstock.com

H

Volosina/Shutterstock.com

Roman Samokhin/Shutterstock.com

K

Alex Staroseltsev/Shutterstock.com

J

I

L

Valentyn Volkov/Shutterstock.com

Lepas/Shutterstock.com

Figure 8-21. A–E—Common examples of a berry include grapes, blueberries, cranberries, and watermelons.
F–I—Cherries, peaches, plums, and olives are examples of drupes. J–L—Apples, pears, and quince are pomes.
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Dry Fruits

A

B

Jerry Horbert/Shutterstock.com

oksana2010/Shutterstock.com

Figure 8-22. A—A common example of a follicle is
the milkweed. B—Peas are a common example of
a legume.

Dry fruits can be dehiscent or indehiscent.
Dehiscentt fruits have a seedpod that will split open
at maturity and freely release seeds for dispersal. The
seeds are released in various ways.
• A follicle is a dry dehiscent fruit that splits
along the length of the fruit releasing seeds for
dispersal, Figure 8-22A.
• A legume is a dry dehiscent pod that opens
along two seams at maturity. It is a member of
the bean family (Fabaceae), Figure 8-22B.
• A silique is a dry dehiscent fruit of the mustard
family. The seedpod splits along two sides, but
the seed often remains attached to part of the
fruit structure.
• A capsule is a dry dehiscent fruit that splits
open to release seeds. It comes from flowers
that had many pistils. The seedpods tend to
split longitudinally (like okra) or at holes near
the top of the capsule (like poppies).
Indehiscentt fruits are those that keep seeds within
fruit walls after leaving the parent plants.
• An achene is a one-seeded dry indehiscent
fruit that is held freely within the pericarp,
Figure 8-23. Examples of achenes include
sunflowers, zinnias, and buckwheat.
• A samara is a dry indehiscent fruit in which
part of the fruit wall is extended to form a wing.
Examples include the fruit of maples, elms, and
ashes.
• A caryopsis is a dry indehiscent fruit in which
seeds are firmly attached to the fruit wall, as
in grains such as corn or wheat or in other
grasses.
• A nutt is a dry indehiscent fruit that has a
hardened pericarp with a loose seed inside.
Examples include pecans, walnuts, hickory
nuts, and hazelnuts.
• A schizocarp is a dry indehiscent fruit that
splits at maturity into two or more seeded
parts. Schizocarps are found in the carrot
family (Apiaceae), and include carrots, dill, and
parsley.

natuska/Shutterstock.com

Figure 8-23. Zinnias are one example of an achene.
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Seeds
A seed is the reproductive unit of plants, both angiosperms and
gymnosperms. Angiosperms, as discussed earlier, are a class of flowering
plants that develop seeds enclosed within an ovary. Gymnosperms are a type
of plant that do not have flowers. Instead their developing seeds are borne
on the plants without an ovary. Seeds develop as a result of the fertilization
process. Coniferous plants and Ginkgo biloba L. are gymnosperms.

Monocots and Dicots
Angiosperms have two subclasses: monocots
and dicots, Figure 8-24. Each class has different
seed structures. Developing seeds in monocots
have one cotyledon, or seed leaf, when they
first emerge. Seeds in dicots have two seed
leaves. Both classes have seeds with an embryo
protected by a seed coat and endosperm that
provides stored energy for developing seeds,
Figure 8-25.

Main Parts of a Seed

Angiosperm Subclasses
Monocots

Dicots

Rice
Wheat
Barley
Corn
Bamboo
Lilies
Tulips
Garlic
Asparagus

Beans
Peas
Squash
Sunflowers
Snapdragons
Petunias
Tomatoes
Hydrangeas
Maples

The seed has three main parts: the embryo,
Goodheart-Willcox Publisher
endosperm, and seed coat. The embryo is the
Figure 8-24. Examples of various monocot and dicot
immature plant. It draws on food reserves within
species.
the endosperm to grow and develop. The seed
coat is a protective covering for the developing
seed. The functions of seeds are to protect undeveloped or young plants,
provide food for early growth, and aid in movement of the undeveloped
plant to new locations. Seeds may also prevent growth of the embryo until
growing conditions are right.

Epicotyl

Endosperm

Hypocotyl
Cotyledon
Radicle
Seed coat

Cotyledon

Epicotyl
Hypocotyl
Radicle
Seed coat
Corn Seed Embryo

Bean Seed Embryo
Goodheart-Willcox Publisher

Figure 8-25. A corn seed is a classic example of a monocot seed structure. A bean is a
classic example of a dicot seed structure.
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In monocots, the seed embryo is comprised of one cotyledon, a radicle,
and plumule. The cotyledon is the seed leaf. The plumule develops into
the shoot, and the radicle is the seed root. In dicots, the embryo has two
cotyledons, plumule, radicle, and a hypocotyl (stem). Seeds are discussed in
more detail in Chapter 13, Seed Propagation.

Careers in Plant Biology
There are many different specialties and career opportunities in the plant
biology area. Careers can vary from ecology to genetics, and can be found
in businesses, research centers, industry, and education. A bachelor’s degree
is required for most careers in plant biology. A graduate degree creates even
more career options.

Botanist
Botanists study all forms of plants and their relationship to the
environment and other living things. A botanist who enjoys the outdoors
and research may search for and identify new plant species, evaluating
each plant’s parts and uses. Some botanists may do environmental research,
studying the effect of climate change on various plant populations. Botanists
can also be found working in botanical gardens, arboretums, herbaria, and
zoos, studying plants and how they interact in each environment. A botanist
has a bachelor’s degree in botany.

Science Teacher
Science teachers instruct students in the concepts of science. A degree
in plant biology is important for those who wish to teach students about
plant science, the environment, natural resources, and earth sciences. The
ability to share information about plant growth and development can
engage young people in learning. A science teacher with a plant background
can create hands-on experiments that help students understand the
photosynthetic organisms around them. A bachelor’s degree in plant biology,
botany, horticulture, or agriculture is required. Additional coursework and
experience is required to earn a teaching certificate.
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Review and Assessment

Chapter Summary
•

•
•

•

•
•
•
•

•
•
•

Organisms on earth are divided into two categories: autotrophs
(organisms such as plants that manufacture their own food) or
heterotrophs (organisms that rely on external sources of energy).
Botany is the study of plants.
The basic unit of a plant is the cell. Cells have different organelles that
serve different functions and have different structures depending on
their purpose.
Plant tissues are comprised of specialized cells that provide a framework
for plant growth and development, including the transport of water,
nutrients, and food.
Plants have six different parts: roots, stems, leaves, flowers, fruits, and
seeds.
Roots provide plants with anchorage and support,
rt, storage of nutr
nutrients
and food, and uptake of water and nutrients.
s.
Stems serve as support for the plant and carry
arrry water, nutrients, an
and food
throughout. They can be modified for storage
rage of fo
ffood.
Leaves serve as the main appendage of the
he plant where photosynthesis
syn
occurs. Leaves have different types of arrangements,
rangements, vein patte
patterns, and
shapes.
Flowers hold the reproductive portions of plants aand consist of four
organs: pistils, stamens, petals, and sepals.
ls.
Fruits are mature ovaries that contain seed.
ed. T
Types
ypes
yp
es o
of fruit include simple,
aggregate, and mul
multiple.
Seeds are thee reproductive unit of the plant and con
consist of an embryo,
endosperm,
m, and seed co
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Words to Know
Match the key terms from the chapter to the correct definition.
A.
B.
C.
D.
E.
F.
G.

angiosperm
anther
autotroph
capsule
cell
dehiscent
deoxyribonucleic acid
(DNA)
H. drupe
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

I.
J.
K.
L.
M.
N.
O.
P.
Q.

endoplasmic reticulum (ER)
filament
Golgi bodies
guard cells
heterotroph
indehiscent
inflorescence
mitochondria
nodes

R.
S.
T.
U
V.
W.
X.
Y.
Z.

nucleus
nut
pith
plasma membrane
pome
ribonucleic acid (RNA)
samara
silique
stomata

A fruit with a fleshy, soft mesocarp and a seed enclosed by a hard, stony endocarp.
An organism that uses the process of photosynthesis to make its own food.
Clusters of single flowers gathered on a stem.
A dry dehiscent fruit with a seedpod that splits along two sides while the seed inside
remains attached to part of the fruit structure.
The inner layer of plant tissue of stems and roots.
A fruit with a tough endocarp that encloses the seeds.
Cell organelles that control the flow of molecules in the cell, modifying some before
packaging them into vesicles for transport to other parts of the cell or for excretion
outside the cell.
A substance in cells that holds a plant’s genetic material and provides genetic
information to ribonucleic acid (RNA).
A flowering plant.
The basic unit of a plant that contains many different organelles that drive plant processes.
A complex, folded membrane system that provides a channel for transporting proteins
and lipids in the cell.
A large organelle found in a plant cell that contains the plant’s genetic material.
The parts of a cell that drive the process of respiration and energy transfer.
Specialized epidermal plant cells with pores that open to allow for gas exchange and
control water loss.
Pores in epidermal cells that open to allow for gas exchange and control water loss.
A substance in cells that plays a role in gene expression.
An organism that uses external sources of food or energy.
A dry dehiscent fruit that splits open to release seeds and comes from flowers that had
many pistils.
A thin stalk in the stamen of a flower that supports the anther.
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20.
21.
22.
23.
24.
25.
26.

A dry indehiscent fruit in which part of the fruit wall is extended to form a wing.
Permeable layer inside the cell wall that controls what substances enter or leave the cell.
A type of fruit that keeps the seeds within the fruit walls after leaving the parent plant.
A dry indehiscent fruit that has a hardened pericarp with a loose seed inside.
A type of fruit that will split open at maturity and freely release seeds for dispersal.
The part of the stamen of a flower that produces pollen.
The places on a plant stem where leaves develop.

Know and Understand
Answer the following questions using the information provided in this chapter.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

Describe the field of botany and list some specializations that it includes.
List the components of a plant cell.
Why is a chloroplast the most important plastid? Where is chlorophyll located?
What are vacuoles and what is their purpose?
In what part of a plant are oil bodies most concentrated?
Explain apical meristem.
Where does cork come from and how often can it be harvested?
Compare and contrast the different types of plant tissues.
List the six different plant parts.
Summarize the primary functions of the root.
Describe two types of root systems.
What are the functions of a plant stem?
List five types of modified stems and provide an example of each type.
What is the primary function of plant leaves?
What are two parts of a typical leaf?
What is the difference between a simple leaf and a compound leaf?
Discuss the three types of venation that can be found on a simple leaf and give examples
of plants that exhibit each type.
Name the four main floral parts and their functions.
Define what comprises a male plant and a female plant.
What is the difference between a perfect and an imperfect flower? What is the difference
between a staminate flower and a pistillate flower?
What is the purpose of fruit?
What three parts make up the pericarp?
Explain the differences among simple, aggregate, and multiple types of fruits.
What are two types or classes of angiosperm seeds? Describe each type.
Name and explain the parts of a seed.
What are the functions of seeds?

Copyright Goodheart-Willcox Co., Inc.

Chapter 8 Plant Biology 221

Thinking Critically
1. The leaves of many deciduous plants change color in the fall as the chlorophyll degrades,
revealing other pigments present in the leaf. But you notice a maple tree at school is
starting to show a color change in July. Why do you think this is happening? Is there
anything that can be done to help the tree?
2. You love to garden, so you purchased a hardy kiwi fruit vine to grow on a trellis. Three
years have passed. The vine has flowered, but no fruit has ever developed. Can you
figure out why? Describe the steps you would take to try to reach a solution.
3. A plant biologist needs to explain the differences between the types of fruit and has
asked you to assist. How would you teach your fellow students about the different kinds
of fruits? Write a description of the teaching methods you would use.

STEM and Academic Activities
1. Science. Onions skin cells provide an easy way to take a look at a real plant cell. Research
a protocol to extract and mount the onion cell on a slide. Using a compound microscope,
try to identify the different parts of the cell. Can you find the cell wall? What about the
cytoplasm and nucleus?
2. Science. Gravity helps plant cells orient themselves for growth. This process is called
gravitropism. Using a potted coleus plant (or plant of your choice), cover the soil with
plastic wrap to prevent the soil from falling out. Place your plant upside down and
anchor the pot in place. Observe the plant over the next couple of days. What happens?
Why? What part of the plant cell is responsible for this reaction? Can the plant return to
“normal”? Have you observed this in nature?
3. Social Science. This chapter stresses that plant biology is an important science, not only
to you, but to society. Do you agree or disagree with this? Use evidence from your life,
the lives of others, or from stories you have read to support your position.
4. Language Arts. Write notes in a structured journal as you read the chapter. As you take
notes, keep track of what you do not completely understand. These might be words or
ideas that are unfamiliar or unusual. Also, write what you think are the most important
ideas and/or parts of the text. Why do you think so? What evidence is there in the text to
support your perspective?

Communicating about Horticulture
1. Listening and Speaking. Visit a nearby arboretum, botanical garden, or large flowergrowing operation. Ask to interview their botanical expert. Prepare a list of questions
before your interview. Here are some questions you might ask: What is your work
environment like? What are your job duties? What type of research are you currently
doing? What type of facilities do you use for your research? What impact will your
research have on the floriculture industry? Ask if you can have a tour of their facilities.
Report your findings to the class, giving reasons why you would or would not want to
pursue a career similar to that of the person you interviewed.
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2. Writing and Speaking. Working in groups of three, create flash cards for the Words
to Know in this chapter. Each student chooses four terms and makes flash cards for
those four terms. Quiz one another on the pronunciations and definitions of the terms.
Using your textbook and dictionary for guidance, write the term on the front and the
pronunciation and definition on the back.
3. Reading and Writing. Draw a perfect flower and label the different functions of each
part. Begin by drawing five petals with five sepals attached. Add a pistil and include five
stamens. Create another sketch of an imperfect flower, one male flower and one female
flower.
4. Reading and Listening. In small groups, discuss the main topics in the chapter. Ask
questions of other group members to clarify concepts or terms as needed.

SAE Opportunities
1. Exploratory. Research local plant conservation societies.
Write a speech about the contributions that these
organizations make to the community.
2. Placement. Intern with a local botanical garden.
3. Exploratory. Visit a lab of a plant biologist and write a
report about the research being done there.
Lance Cheung/USDA
4. Experimental. Create a plant growth study. Make a
hypothesis, track your methodologies, observe and record data, and write a report.
5. Exploratory. Job shadow a plant biology leader in your community or state.
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