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Plant cells
and $owth

Every living thing is made of cells. A single cell
is all there is to a simple organism, such as a
bacterium or certain algae, while higher plants
and animals maybe made of trillions of cells. An
oak, for example, has root cells that absorb water
and minerals from the soil; leaf cells that produce
sugar from sunlight, carbon dioxide, and water;
rigid cells in its trunk that support the giant tree;
and dozens of other types of cells, each with a
specific function.
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A cell is a mass of water, nutrients, and other
chemicals surrounded by a membrane. Plant and
animal cells also contain many small structures,
called organelles, thatcarry out certain activities.
Photosynthesis, the sun-powered process by
which plants make sugar, occurs in organelles
called chloroplasts that are located primarily
in leaf cells. Mitochondria, another type of
organelle, convert the sugar into energy that the
cell uses to stav in good working order. With

enough energy, a cell will grow and divide into
two new cells, each with its own organelles. As
the number of cells increases, the organism itself
grows larger.

An enlarged cross section of a leaf shows some of
the different types of plant cells. Each cell has a
nucleus, containing genetic information, and dozens
of chloroplasts, which house the cell's food-producing
machinery. A cavity called a vacuole stores food and
other nutrients, such as minerals.
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What is inside a plant cell?
Cells are active living units resembling tiny
chemical factories. In order to grow, cells must
continually manufacture proteins, fats, sugars,
and other molecules that make up the cell's mem-
brane, organelles, and various other components.
To keep going, cells have to produce energl.
Animal cells get energy from the food the animal
eats, whereas plants use photosynthesis to
manufacture their own food from carbon dioxide
and water.

Many of a cell's chemical activities occur in its
organelles. The mitochondria are the cell's power
plants, converting sugars into energy. Ribosomes,
beadlike structures that cover the endoplasmic
reticulum-the system of interconnected
membranes that are involved in transporting

material in a cell-produce the cell's proteins. The
cell nucleus contains one or more nucleoli, which
manufacture ribosomes, and the chromosomes.
These hold the genetic information that tells the
ribosomes which proteins to make. The Golgi
body stores various substances that the cell later
channels to other cells.

Chloroplasts are organelles found only in plant
cells. They contain chlorophyll, a green pigment,
and other molecules that perform photos;mthesis.
This process uses the energy in sunlight to make
sugar from carbon dioxide and water. A plant cell
uses some of this sugar itself and stores the rest
as starch. When an animal eats a plant, it turns
this starch back into sugars, which the mitochon-
dria in its cells use to make energlr.
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The nucleus
contains a cell's
genes and one or
more nucleoli,

The endoplasmic reticulum
is dotted with ribosomes,
which make proteins.

The Golgi body stores
substances made in the
endoplasmic reticulum.

Mitochondria are a cell's
energy factories. A thick
membrane surrounds them.

A strong cell wall, made of
the carbohydrate cellulose,
encloses the cell membrane.
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Photosynthesis occurs in
chloroplasts, which contain
the pigment chlorophyll.
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Vacuoles contain sap. They are
surrounded by a membrane
called the tonoplast.

Centrosomes are bundles
of fibres. More fibres sprout
when a cell divides.

Golgi bod



Tlpical cells

Organelles take up most of the
space inside plant cells (below,
rigltt) and animal cells (below, Lefi).
A fluid, c1'toplasm, surrounds the
organelles.

Cell membrane

Chloroplast
@

Cell membrane

Chloroplast

Endoplasmic reticulurn

Ribosome

Yacuole

Mitochondrion

Golgi body

Nuclear
mbrane

Nucleolus Nucleus

material (DNA)
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Plant cell

Inside plant and animal cells

Typically, both plant and animal
cells have a nucleus and a number
of organelles such as mitochondria,
the Golgi body, and the endoplas-
mic reticulum. These structures
float in a liquid called cytoplasm
and are surrounded by the cell
membrane. Plant cells also have a
sturdy cell wall made of cellulose.
Two types of organelles-chloro-
plasts and a vacuole-are unique to
plant cells. Photosynthesis occurs
in chloroplasts, which appear
green because they contain the
pigment chlorophyll. Young plant
cells contain several small vacuoles
that grow and eventually merge as
the cell matures. Plant cells lack
the pair of centrosomes found in
animal cells. Centrosomes play a
role in animal-cell division.
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Storage grains

Plant cells store excess nutrients and waste prod-
ucts in tiny grains visible only under a microscope.
Fructose, for example, is stored in inulin grains.

Starch grain

Carotene Calcium carbonate



How does a plant make seeds?
Many of the plants alive today belong to one of
two groups that reproduce from seeds. These two
groups, the gymnosperms and the angiosperms,
produce seeds from fertilized ovules, which con-
sist of embryonic sacs and their protective
tissues. G;,'rnnosperms, which include fir, spruce,
hemlock, pine, larch, and ginkgo trees, produce
"naked seeds"-seeds that are not surrounded
by an ovary. Most are produced inside cones,
though juniper and yew seeds are covered with
flesh resembling that of a berry. Angiosperms,
or flowering plants, occur in an almost endless
variety and include nearly all the world's major
crops. A1l flowering plants produce seeds within an
ovary, or fiuit, as shown here. Apples and oranges
are fruits; so, too, are cucumbers and maize.
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Double fertilization

A pollen grain pushes its
pollen tube through the
micropyle, a small opening in
the integument that covers
the ovule. Sperm emerge
from the pollen tube. One
sperm fertilizes the egg. A
second sperm fertilizes the
polar nuclei within the endo-
sperm mother cell.

Integument

/ Embrvo
//"u.

Ovule

,d*sb

I Double

j
J
1i
i

.t
,i
;i

rlii

f:
I
I
?
1,

i
i
i
f
f,/tt

!
:l'i ::l:ill r' I

The shepherd's-purse, a relative of the
wild mustard, is a common garden
weed. It has white flowers, which grow
from a central stem. Butterflies carry
the pollen from flower to flower.
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Encased in the protective
and nutritive tissue of the
omle, the fertilized egg
grows rapidly at first.

The egg begins to divide,
forming a protoembrvo. A
cell membrane develops
along the walls of the
endosperm nucleus.

A germ cell develops at
the tip of the protoem-
bryo. At the other end, a
cell anchors the embryo
into the parental tissue.

Integument

ized egg
Protoembrvo

cell

The growing line of cells,
known as the suspensor,
pushes the embryo into
the endosperm. The
suspensor also serves to
carry nutrients to the
embryo.

Embryo

Suspensor

A seed forms

The embryos of some flower-
ing plants form two seed
leaves, or cotyledons (below),
as they develop. Such plants,
which include peanuts and
beans, are called dicotyledons.
Grasses, onions, and lilies are
monocotyledons-plants that
produce only one seed leaf.

Nucellus

Plumule

Radicle



How do plants use sunlight?
Animals must constantly search for food, but
plants just stand still and make their own food.
They use the energy in sunlight to convert car-
bon dioxide and water drawn from air and soil
into sugar. This process, called photosynthesis,
occurs within a plant's leaves. Carbon dioxide
enters aleal through tiny pores, called stomata,
whereas water is transported to the leaves from
the roots. The by-product ofphotosynthesis is the
oxygen released by plants, which animals must
breathe to live.

Photosynthesis provides a plant with all the
food energy it needs to grow. Plants, however,
also require other nutrients, such as phosphorus,
nitrogen, potassium, and iron, to remainhealthy.
Plants obtain these substances from the soil
through their roots.

Structure of a chloroplast

r:' . Fi

@

Nutrients

o2

Photosynthesis

Photosyrrthesis occurs in two sets of chemical reac-
tions, which occur in sequence. In the first, known as
the light-dependent reactions, chlorophyll and other
pigments absorb sunlight and use that solar energT
to produce the energy-transferring molecules adeno-
sine triphosphate (ATP) and nicotinamide adenine di-

10

nucleotide phosphate, coenzyme II (NADPHz). These
chemical reactions consume water (HzO) and release
oxygen (O). In the second set, the so-called dark or
light-independent reactions, enz5rmes use the energy
stored in ATP and NADPHz to combine carbon
dioxide (COt with water, producing sugars.
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The chloroplast

Photosyrrthesis occurs in lens-shaped
structures called chloroplasts (lzf).
Thin discs, called thylakoids, are
stacked within the chloroplasts. The
regions where the thylakoid stacks
are held are called grana. The light
reactions of photosynthesis occur in
the thylakoids, which contain chloro-
phyll and the enzymes needed to
make ATP and NADPHT. Molecules
of these substances travel from the
thylakoids to the surrounding liquid,
called the stroma, where the dark
reactions occur. A double membrane
envelops the entire chloroplast.

Chlorophvll appears green because
of its light-absorbing properties.
Sunlight is a mixture of violet, blue,
green, yellow, orange, and red light,
a fact that can be demonstrated by
passing sunlight through a prism
(bottom band). Chlorophyll absorbs
red, orange, and blue light, but al-
lows green light to pass through (fop
band), causing leaves to look green.

Light spectrums

Starch grain

- 

- 

Leaf

Bud and flower

Sunlight passed
through a leaf
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Glucose

Sucrose

Produced starch

Stored starch

Change

Transport

Transporting sugar

The first product of photosynthesis is
glucose, which enzyrnes quickly con-
vert into starch. Because starch is in-
soluble in water, it forms tiny storage
grains within leaf cells (rigLLt). Other
enzyrnes convert the starch into
sucrose-table sugar-which the plant
transports to its roots, branches, and
fl owers, where photosyrrthesis does
not occur (lnfi). Srgar transportation
occurs in the phloem, a layer of
tubular tissue lying just beneath the
bark. Enzynes in roots and fruits con-
vert sucrose into starch for storage.
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What causes seeds to sprout?
Some seeds will germinate, or sprout, soon after
they form, but most seeds must become dormant
to mature. Dormant seeds can remain inactive
for years or even centuries before germinating.
In one case, Oriental lotus seeds recovered from
peat bogs near Tokyo germinated after lying dor-
mant for more than 1,000 years.

Seeds will germinate when they receive enough
water and oxygen to support the biochemical
reactions of life. Dormant seeds are dry, contain-
ing less than 10 percent water, and the organelles
and other cellular components are virtually
invisible under a microscope. But as soon as a
dormant seed absorbs water from the soil, it
swells rapidly, giving the cells of the seed a chance
to expand to normal size. The mitochondria
organelles begin taking in oxygen and producing
energy from the stored starch, and the embryo
within the seed begins to grow. Soon, ifthe con-
ditions are good, a tiny root appears, absorbing
more water and other nutrients from the soil.
Suddenly, one day the seed emerges above the
ground, lifbed sky.ward by a growing stem. Before
long leaves sprout, and the small seedling is on
its way to becoming a mature plant.

A seed germinates

A bean seed germinates (bel,rnt;) when the radicle,
or embryonic root, absorbs water from the soil and
bursts through the seed coat. The radicle starts push-
ing down into the soil and soon grows into branching
roots. Meanwhile, the hypocotyl, the stem arising
from the embryo, forces its way up through the
soil, carrying the seed coat and seed leaves with it.
The seed leaves emerge from the seed coat, followed
by the first leaves. The seed leaves then wither
and fall off.
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Two types of seeds

Seed coat Embryo

Endosperm

\
Seed leaf

Emtrryo

Seed coat

/
Persimmon seed

Plants use one of two different systems to store
food to nourish a germinating seed. Persimmon
(aboue, Lefi,) and maize, for example, store nutrients
in the endosperm, which occupies much of the in-
side of the seed. The endosperm contains starch,
fats, and proteins. Other seeds, such as those of the
green bean (uboue, riglr,t) and orchid, have almost

- ... :'of

Green bean seed

no endosperm. Instead, they possess two large seed
Ieaves. As the seed matures on the plant, the seed
Ieaves grow and absorb most of the food stored in
the endosperm. In some plants, such as the sun-
flower, the seed leaves pop above ground and begin
photosynthesis when the seed germinates, thus pro-
viding extra nutrition for the newly sprouted plant.



Conditions for germination

Seeds require water, oxygen, and
warm temperatures to germinate.
Without water, a seed is little more
than a package of dehydrated en-
z1'rnes and organelles. Once a seed
becomes wet, it rapidly swells into
action. If temperatures are high

enough to warm the soil, the seed
will use oxygen from the soil to burn
stored sugar and begin to grow.

For some seeds, though, water,
oxygen, and warmth are not enough
to spark germination. Cerbain grass
and lettuce seeds, for example, re-
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At 30" Celsius, balsam seeds
sprout in four days (riglr,t).

quire light to begin germinating,
whereas other seeds will not germi-
nate unless they are in darkness.
The seeds of some ash trees need to
be frozen to germinate; seeds of the
lodgepole pine will not germinate un-
less they have been heated in a fire.

Some seeds, such as onion seeds,
germinate best in the dark (rigllt).
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Ilypocotyl

Seed coat

Lateral root

Seed leaf

Role of the seed leaf

The seed leaves provide the first
nutrition for a newiy sprouted plant.
In plants such as the sunflower, the
seed leaves contain chlorophyll, and
they will produce food through
photosynthesis until the first true
leaves form. In other plants. such as

beans and peas, the seed leaves con-
tain ample supplies of stored food to
feed the growing plant until its first
leaves take over: that task.
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How do roots grow?
From the moment a seed germinates, its newlv
emerged root begins forcing its way down into
the soil in search of water and various nutrients
such as phosphorus and nitrogen. Cells at the
root's tip, called the ground meristem, grow and
divide very quickly. A thimble-shaped cap pro-
tects the dividing cells and smooths the root's
passage through the soil. The outer layer of the
cap is constantly damaged as it rubs against soil
particles, but it is renewed by the rapidly grow-
ing meristem. Cells near the edge of the cap and
meristem secrete chemicals that keep the root
growing downward.

A root's main function is to absorb water from
the surrounding soil. To accomplish this, mature
sections ofroot sprout tiny hairs that force their
way between individual, water-coated soil par-
ticles. Large secondary roots also branch offthe
main root to provide additional water-absorbing
capacity. These lateral roots grow from the cen-
tral portion of the main root instead of from the
root tip and form a small wound in the root when
they first break through the root's external layer.
This wound, if not sealed quickly, can provide a
place for harmful bacteria and viruses to infect
the plant.
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'::l::.]. 'ii$;tl

Mature root

Growing root

A root grows

A newly emerged root (below, LeJt) is marked with ink
bands in an experiment to demonstrate where growth
occurs. Cells at the tip gr:ow rapidly, forcing the tip
down into the soil and away from the bands (below,
rigfL\. The distance between the ink bands does not
increase, indicating that this part of the root is not
growing.

A new root grows fastest at its
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Lateral root

Pericycle

.,;.;::" "'-. ; si_---Epidermis
1t"c,.;.' 

"n u" o o r +Root hair

Endodermis

Phloem

Endodermis

Cortex

Central cvlinder

The structure of a root

A thin layer of cells sur-
rounds the xylem, the
tissue transporting
nutrients, and the phloem,
the tissue moving sugars.

The outer layer of cells, or
epidermis, is a single layer
of cells with two functions:
to protect the roots from
injury and to sprout the
tiny root hairs that absorb
water and nutrients from
the soil.

The large spaces between
cells in the cortex allow
water and air to pass from
the root hairs to the root's
core.

Cells in the endodermis,
the cortex's inner layer,
form a barrier that
regulates how materials
flow into the root.

The sieve tubes of the
phloem transport sugar
through the plant.

Water flows upward from
the roots through the
xylem.

The core of a root, also
called the stele, contains
the xylem and phloem.

The small cells of the
ground meristem can divide
rapidly, and are responsible
for a root's growth. Some
of these cells develop
special functions as they
mature, while others keep
growing and dividing.

The thimble-shaped root
cap protects the apical
meristem as it forces its
way through the soil.

Geotropism
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A root placed sideways (aboue) will react to
gravity by growing downward-a response
called positive geotropism. Special cells re-
spond to gravity by secreting auxin, a
chemical that affects the cells' growth rate.

A lateral root forms
Epidermis
Cortex

ndodermis

Pericycle
Xylem
Phloem

Occasionally, pericycle cells will begin
dividing and growing out of the endoder-
mis. As this tissue continues to grow, it
forces its way through the cortex and the
epidermis, becoming a new root.

Lateral root

Epidermis and root hairs

Root of a white radish Water
Nutrients

Xylem Root hair

Root hairs increase the amount of water
and nutrients a plant can absorb by expand-
ing the amount of epidermis exposed to
the soil. The hairs are coated with pectin,
a sticky substance that helps the growing
hairs stick to small soil particles.

Root cap

15



How do stems and leaves grow?
When a plant first emerges from the ground, a
single shoot, perhaps with one or two juvenile
leaves, begins growing toward the sun. The shoot
grows taller at its tip and wider at its base, and
all the while new leaves sprout from the grow-
ing stem. A little nodule-a bud-soon appears
on the stem, and suddenly the bud becomes a new

stem branching offfrom the first one. Now there
are two stems sprouting leaves; then more buds
appear, and more stems. From a tiny seed a
mighty oak is growing.

At the same time that a stem is growing longer
at its tip, the inside of the new stem is also chang-
ing. Cells grow larger and take on specific roles.

A growing shoot

ft,;1
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Some cells, for example, die, become hollow, and
form the xylem, the tissue that transports water
from the roots to the rest ofthe plant. Others pro-
duce a coat of lignin, a stiff material that gives
the stem its strength. There are changes, too,
within the leaf. The outer layer of cells, called the
epidermis, develops a protective coating that

The apical meristem, or shoot apex, is the place
where new stems and leaves form. Cells divide and
grow rapidly here. Special cells in a stem's tip produce
ihe chemical auxin, a growth stimulator, which softens
the cell wall and allows the stem to continue growing.

Buds form where the growing point and the stem
meet. Rudimentary leaves appear on either side of
the shoot apex, developing in opposite, alternate,
or whorled patterns of leaves.

The ground meristem produces several different
types of cells. One type gives the stem its strength;
another provides flexibility, allowing the plant to
bend without breaking. A third type stores water
and food.

keeps the leaf from losing water. Other cells on
the surface guard the pores that admit carbon
dioxide and allow oxygen to escape. Most cells
beneath the surface produce chlorophyll and
carry out photosynthesis. The remaining cells
form the veins that transport food from the leaves
to the rest of the plant.

i

Growth of a leaf

Leaves grow in one of the two ways shown
above and in the experiment below, in which
leaves have been marked with a grid. Leaves
of grain plants, such as the maize plant here,
grow only at the base of the lea.f. The mark-
ings move up as the leaf grows.

fu-**&%%,:ffi

ffiieffi

Growth of leaves and stems

In broad-leaved plants, such as the
sponge gourd at left, all cells in the
leaf's blade grow and divide. The ex-
periment shows that every square on
this gourd leaf has become larger, in-
dicating that the entire leaf is growing.

A stem grows solely from its tip. As
the cells mature, some cells will harden,
providing protection. Middle cells will
become part of the xylem and phloem.



2
Root
and
stem

A plant is about 90 percent water, but it loses
large amounts of water through evaporationfrom
its leaves. One maize plant, for example, can lose
nearly 200 litres of water over its four-month life.
As a result, plants require a steady supply of
water to grow. A plant's underground network
of roots allows it to tap into the soil for its water
needs. As a plant grows so does its need for water,
and its network of lateral roots will spread farther
from the stem. Many plants also have a large
primary root, called a taproot, that grows nearly
straight down.
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Once a plant's roots absorb water from the soil,
its stem must carry the water to the branches and
leaves. This task falls to the xylem, a ring of
hollow tubes that extends from the roots, through
the stem, and out to every branch and leaf. The
xylem lies near the surface of the stem. In a tree,
for example, the xylem forms a band just below
the bark. The xylem is made of dead cells linked
end to end like a giant straw. A force known as

the water potential draws water up through the
xylem from wet roots to dry leaves.

Roots and stems have a second important role:

They support the plant as it grows. The network
of roots anchors the plant in the soil, while the
stem provides the strength to keep the branches
and leaves from collapsing.

As a tree grows, its roots spread farther from the
trunk to reach more water (belout). A tree's trunk
g:rows larger, too, providing more support and
water-carrying capacity. This gro*'th produces the
rings in a tree trunk (aboue). Each ring represents
one year of growth.



How does water get to a, treetop?
In an act that seems to defy gravity, water rises
from the roots buried underground to the leaves,
whichmaybe as much as 90 metres aboveground.
There is no pump, like an animal's heart, to push
water through a plant. Instead, several physical
forces work together to carry water upward for
great distances without forcing the plant to use
even the slightest bit of its own energ'y.

The key force driving the water is known as
the water potential. When a wet and a dry place
are joined by a tube of water, the water flows
toward the dry area. In plants, roots are sw-
rounded by moisture. A lea^f, however, loses water
continually through pores in its surface. This is
called transpiration. As a result of transpiration,
leaves are always drier than roots, and water
always moves on its own from roots to leaves.
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Xylem occurs in several
forms, including annular,
or ring-shaped (Lefi), and
spiral (ri,ght).

Root hairs cover a root. *
,,

/
Water

Leaf structure and water flow

The epidermis, a layer of tightly packed
cells, and the waxy cuticle above it
cover the leaf and reduce evaporation.
Most of the water lost from a leaf

Stem

Xylem
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Water
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Root hair

Leaf

Stoma Transpiration

evaporates through the stomata, small
pores that also admit carbon dioxide. _

The stem

A plant stem is made of several
layers lfar ri,glr,t), each with a
specific function. The outer two
Iayers (wh,i,te and yellow) pro-
tect the stem from injury and
reduce water loss. The next
layer (blue) is the phloem, live
cells connected end to end in
long tubes. The phloem trans-
ports proteins and sugars made
in the leaves to the stem and
roots. The xylem (red tubes), in
the next layer of cells, carries
water in the opposite direction.
Cells in the centre of the stem,
called the pith, store food.

Root hairs

A magnified section of a root
(ri,ght) shows the two compo-
nents most involved in absorb-
ing and transporting water. The
fuzzy strands are the root hairs.
Each hair is one long, thin cell
that absorbs water. Once water
enters a root hair, it passes
through the outer layers of cells
to the vascular bundle, the band
in the centre of the root. The
vascular bundle contains both
xylem and phloem. Water passes
into the xylem and begins its
journey upward.
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Moving water in a plant

Transpiration

6i:

Transpiration

Water always travels from wet to dry
regions. Since air is drier than a leaf,
water evaporates from the leaf through
its stomata into the air. Transpiration
also creates a water potential between
the leaves and the roots that draws
water up through the xylem.

Cohesion

Water can climb as much as a hun-
dred metres in a tree because water
molecules stick to each other and to
the walls of the xvlem tubes. This
phenomenon is called cohesion. In the
illustration at right, water evaporating
from the top of a tube creates a water
potential that pulls water from the
beaker. Without cohesion, the water
would barely rise. Cohesion increases
as the diameter of the tube decreases.

Root pressure

Root tissue absorbs more and more
water and minerals as it grows. As
water in the roots increases, pressure
builds up, forcing water into the xylem
and up into the stem. Root pressure is
highest at night, and it can cause water
droplets to seep from plant leaves (top,

Droplets from
root pressure

$#EIdr-w
Cohesion of water
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Even after the stem of a
sponge gourd is cut, water
continues to flow upward
from the roots.
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Why do some roots grow
above ground?
Most plants send their roots into the soil, both
anchoring themselves and gathering moisture.
Not all plants grow in the ground, however, and
such plants have roots adapted to their unusual
environments. Airplants, or epiphytes, use their
roots to cling to tree trunks and to absorb mois-
ture directly from the air. Mistletoe and other
parasitic plants dig their roots into host plants
to obtain water and nutrients.

Certain plants with roots beneath the ground
produce roots above the ground, too. Vines such as
ivy have aerial roots that support them as they
climb. Mangrove trees live in swamps, where the
ground is covered with water. They get oxygen
for their submerged roots from additional roots
that rise above the water.

Several members of the
orchid family, including the
N eofinnti,a .falcatu shown at
right, are epiphytes.

The bald cJrpress, a native
of North American swamps,
sends brown knobby lmee roots
above ground to get oxygen
for its waterlogged roots.

Root systems
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Aerial roots. Many small plants growing in
dense tropical forests are epiphy-tes, plants
that grow on tree trunks without harming
them. Wind and birds deposit epiphy'te seeds
onto a tree trunk. There the seed sprouts
thick roots that anchor the plant to the tree.
The small hitchhiker is then closer to sunlight
without needing a long stem. A layer of dead
cells on the roots absorbs water from the
tropical air.
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Duckweed is a small
floating plant with roots
that hang in the water.

Ficus tree

Buttress '- .t:t.i,i
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Mistletoe sends its roots
into a tree to obtain
water and minerals.

Parasitic roots. Some plants
are parasites. They cannot
make their own food or get
their own water. Instead,
they send their roots, called
haustoria, into another plant's
stem and roots and draw out
the food and water they need.

Aquatic roots. Plants that
float on water have long, thin
roots that hang in the water.
The space between these roots'
cells is large, making it easier
for these cells to absorb oxygen
directly from the water.

The climbing roots of
iw, a vine, attach the
plant to its support.

Climbing root. Some plants
have weak stems, so they use
sticky roots to climb above the
ground. These rooLs avoid the
sun by growing into cracks in
bark and in buildings.

Support and buttress roots.
Plants that grow in soft or
wet soils, such as ficus trees
(abaue), use buttress roots to
help keep themselves erect.
The roots grow from nodes
on the tree trunk. Maize
plants use supporb rooLs (lnJt).

Maize plant



How do growth rings in trees form?
In the temperate regions of the world such as
North America, northern Asia, and Europe, trees
grow in spurts-fast in spring, slower in summer
and autumn. In winter, they do not grow at all.
This seasonal pattern repeats itself every year and
produces growth rings. Such rings are easily seen
on any tree stump (riglLt). Each ring represents
one year's production of new xylem. The lighter
bands represent the growth spurt of spring, while
the darker bands mark the slower growth of
summer and autumn. As a tree ages, the cells in
the older rings become inactive, then fill up with
resins, gums, and oils, andharden, formingwhat
is known as the heartwood. This provides most
of a tree's strength and it is the part used to
make lumber.

The growth rings
of the tree at left
show it to be about
60 years old.
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A living climate record

Growth rings not only reveal a tree's age
but also record what the weather was like
in each year of its life. A wide growth ring
indicates that rainfall was plentiful, allow-
ing the tree to grow rapidly, while a thin
ring indicates drought. Sometimes growth

/4

rings are lopsided, growing faster and
wider on the south side, where there is
plenty of sunlight (riglLt). Fossil tree
stumps give evidence that Earth's climate
has changed many times over the last
several hundred million years.

4th year

Narrow'rings Broad rings



Growth rings

/a 
zth year

Cork cambium

Forming groll'th rings

The main parts of a larch tree ttunk are
outlined above and document its grow-th.
Bark forms the protective outer layer. Just
inside the bark is a thin layer from which
new bark forms. This layer contains the
vascular bundle with active layers of phloem
(uellout) and primary xylem (whi'te). The thin
phloem layer is often mistaken for part of
the bark. Between the phloem and the bark
lies the cork cambium (green). Another cam-
bium layer, one cell thick (tLr'in brown line),
is virtually invisible, yet this is where the
tree trunk is growing. Cambium cells divide
constantly during the growbh season. Some
move toward the outside of the tree anci
become phloem. Others split off toward the
tree's centre and become xylem.

In spring, the cambium grows rapidly to
meet the heavy demands for transporting
water and stored food through the tree as it
produces leaves. The new cells the tree
produces are large, interspersed with even
Iarger vessels that transport water (l,efi).In
summer and autumn, growth slows, and the
cells become smaller. One band each of large
and small cells produce one growth ring.

Phloem

Vascular cambium
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A cross section shows summer and spring growth.

Missing grou'th rings

Trees that grow in tropical regions, such as the Philippine
mahogany, often lack growth rings. A mystery? No. There are
no distinct seasons in equatorial climates, so trees grow at about
the same rate all year. Some tropical areas have wet and dry
seasons, and the trees growing there may form rings. However,
these rings are not reliable indicators of a tree's age because
thev mav not form each year.



Why do sycamores have spotted bark?
Sycamore trees are known for their spotted,
multicoloured trunks (riglLt). This pattern occurs
because sycamores, like all other trees, shed their
bark as they grow I arger .What makes sycamores .,,'i

different is that their bark peels off in patches.
Bark is the dead outer layer of cork, a band of
waterproof, airtight cells that protects the tree
from insects, disease, water loss, and sudden 

I

temperature change. As a tree trunk grows in
diameter, the cork-and-bark layer must also ex-
pand to keep its protective seal intact. Since the
bark itself is dead, it cannot grow. Instead, it peels
or cracks. This gives bark its textured appearance.
Cells in the cork cambium do grow, however, thus
the cork can expand to accommodate the tree's
larger girth.
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Bark structure

Bark is made of dead cork cells formed
from the dividing cells in the cork
cambium, as shown below.

Sycamore. As a sycamore grows, the bark flakes away
in patches. This reveals younger, lighter-coloured bark.



Secondary xylem Primary xylem

Cambium
Primary phloem

Secondary phloem

Lenticels

Some tree trunks are covered with
small raised bumps (ri,glLt). These are
ienticels, pores that allow the tree
trunk's tissue to breathe. The cells in a
ienticel are loosely packed (far rigLLt)
and allow oxygen and carbon dioxide
to pass through the bark Iayer easily.

Different types of bark

One way to identify a tree is to examine the patterns
in its bark. These patterns depend on the way a par-
ticular species of tree expands as it grows. Some

Growth rings

Cork cambium

Tree trunks grow larger because cambium
cells grow and divide throughout a tree's
life. As the cells inside the trunk increase in
number, pressure on the outside layers in-
creases too, causing the layers to expand
and crack. When this happens, cells in the
cork cambium layer respond by growing
and dividing to fill gaps in the cracked outer
layer. The protective layer ofbark expands
as the tree trunk grows (below).

Shedding bark

Cork layer

Cork cambium

Cork cortex

Cortex

Cambium

Primary phloem

Secondary phloem

Primary xylem

Secondary xylem

Cherry tree lenticels Red elderberry bark and cross section of a lenticel

species, for example, shed their bark in strips, others
in patches. The cracks can be deep or shallow, regular
or irregular, with a network of fissures and ribs.

Scaled. Red pine Fibrous. Cedar Barred. Japanese oak Granular. Zelkova White birchRinged.



What are thorns, prickles, and spines?
Plants such as roses and cacti are protected from
hungry animals with sharp, woody growths. On
a rose, these grorn.ths are commonly called thorns,
but they are really prickles that arise from the
outer layer of the stem. On a cactus, the growths
are called spines, and they are a form of leaf.
Other plants with spines include holly, where the
spines grow from the tips of the leaves, and sting-
ing nettles, with spines that break and release a
poison when touched. True thorns are modified
stems, as in the honey locust and hawthorn. In
some cases thorns sprout leaves.

Rose defence

A rose prickle is part of the
plant's outer layer, or epider-
mis, as shown at right. Uncon-
nected to the inner parts of
the stem, it peels away easily
with the epidermis (belout).

A rose prickle is a woody
outgrow.th of the epidermis.

Prickles and spines

The sharp growths on a rose
bash (aboue, right) and on a
false acacia tree (rigltt) may
look like thorns, but they are
not. Rose thorns are actually
prickles, a woody outgrowth
from the plant's epidermis.
Those on a false acacia are
called spines, which are
modified leaves.

z6

Roses. Few plants are as
prized as the rose, the
"queen offlowers". The
Chinese first cultivated roses
because of their beauty some
5,000 years ago. In Europe
during the Middle Ages,
roses were grown for
medicinal pu-rposes.

False acacia. This flowering tree (aboue)has
two sharp spines below every bud (lel).



Plant modification

Root, stem, and leaf are the three basic parts of
every plant, but in many cases these parts grow into
structures that bear little resemblance to the original
organ. This adaptation turns leaves into spines or
tendrils. Different parts of a plant that arise from
the same organ are called homologous features. The
spines of a false acacia, the tendrils of a pea plant,
and the edible part of an onion are all homologous,
since each is a modified leaf. In some cases, two
plants may have features that look the same or have
the same function, but that nevertheless developed
from different organs. These are called analogous
parts. An onion, potato, and sweet potato seem
similar, but an onion is a modified leaf, a potato is a
modified stem, and a sweet potato is a swollen root.
In the same way, the tendrils of a pea and ivy are
analogous, since the pea tendril is actually aleaf,
and the ivy tendril is part of the stem.
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How do cucumber tendrils coil?
Cucumbers and other vine plants grow by climb-
ing a pole or another plant, and they use tendrils
to cling to their support. The tendrils of a cucum-
ber are modified stems, and their tips are sensitive
to contact. The illustration on the far right shows
how the tendrils reach out. When a tendril touches
a pole, for example, it begins to curl round it.
Within 14 hours the tendril is firmly attached to
the support. About a day after first making con-
tact, the tendril begins coiling, or twining, from
both ends at the same time. The coils form round
a spot in the middle of the tendril called the
reverse twining point. Twenty-four hours later,
the tendril is tightly coiled.

Some vines, such as the grape, have suckerlike
pads at the tips of their tendrils. These stick to
their support, rather than wrapping round it. But
after making contact, these tendrils coil as well.
Other climbing plants, including ny, use modified
roots to support themselves. Unlike tendrils, these
do not form coils.

Pea tendril. Like
cucumbers, peas, of the
legume family (ri,ght),
have tendrils that support
them as they climb. But
a cucumber's tendrils are
modified stems, while the
pea's tendrils are related
to leaves.

Cucumbers are members
of the gourd family. They
are natives of India, where
they have been grown for
3,000 years. Over the
years cucumber varieties
have spread to nearly
every country of the
world. All cucumbers are
vines that use tendrils
for support. The edible
part, or fruit, of the ser-
pent cucumber grows up
to a metre long, while the
Sikkim cucumber, from
the Himalayas, can have a
diameter of 15 centimetres.

Nature's springs

Straight tendrils might be able to support a
plant as well as coiled ones, but coils have cer-
tain advantages. Coils (fw ri,gfLD draw the
plant closer to its support, so it can bear more
of the plant's weight. Coiled tendrils can also
stretch, enabling them to withstand a strong
wind that would snap a straight tendril.
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Twining

Twisting begins

Both ends twist

Coils form

Coiling increases

Completed coil

31



How can bamboo grow so fast?
The more than 500 species of bamboo existing
today may be the fastest-growing plants in the
world. Some bamboos produce culms, or stalks,
that grow 40 centimetres a day and may reach 37
metres in height when fully grown. Bamboo grows
faster than other plants because many sections
of the plant grow simultaneously.

All plants grow when cells in a tissue called
meristem divide and become larger. But in plants
other than bamboo, meristem exists only at the
tips of stems. In a bamboo culm, however, each
node contains meristem, and since there may be

Internodal growth

The illustration below shows the structure of a bamboo
stem near its tip. New cells grow at each node. The
space between each pair of nodes, called the internode,
increases as the plant grows (rigLLt). This manner of
grow.th produces the bamboo's hollow, jointed stem
with a solid disc at each node.

Growing area

Node

Internode

Growing area

60 nodes on one bamboo shoot, it can grow 60 times
faster than other plants. As the meristem at each
node produces new cells, the distance be-
tween adjacent nodes increases. A sheath covers
each node, protecting it from damage and from
exposure to sunlight-factors that stop bamboo
meristem from growing. As the bamboo grows,
the sheath may fall off or be eaten by animals.
Growth then stops at that particular node. The
nodes near the tip of the bamboo shoot produce
branches that also sprout leaves. After decades
of growth, the plant suddenly blooms and dies.

Meristem
at stem tip

Sheaths protect
the growing shoot

Meristem
at nodes

Bamboo stays slim

Bamboo, like all grasses, is a monocotyledon, meaning
that its seeds contain one seed leaf. Unlike tree
trunks, stems of monocotyledons do not have a cam-
bium layer and do not produce new xylem and phloem
layers each year. As a result, bamboo does not get
much thicker as it ages but mostly grows taller.

Grass or tree?

Bamboo is hard like wood, and it continues growing
to great heights over the course of many years. In
that respect it may seem to be a tree. But actually,
bamboo is a member of the grass family, and like
other grasses, bamboo dies when it blooms, aithough
flowering may occur only every 10 to 120 years.

aa



A growing bamboo shoot.
Thick leaves, or sheaths, cover
each node when a bamboo shoot
grows. Shoots spring up from
the ground overnight and can
grow many centimetres a day.

Thick-stemmed
bamboo
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Structure
and function
of leaves

Every tree on the planet owes its continued
existence to its leaves. Although widely varied in
shape and size, all leaves are similar in function.
Their common role is to produce food through
photosynthesis, aprocess that converts water and
carbon dioxide into sugars that sustain the plant's
life. Leaves also share a similar internal structure,
with great numbers of chloroplashs (pages 6-f)
lined up to absorb the proper amount of sunlight
for their own level of photosynthesis. Leaves also
have stomata, or pores, that serve as vents to
the outside atmosphere and aid in regulating the
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amount of water coursing through the plant.
Leaves control not only the amount of water in
plants but also the power with which the roots
absorb moisture. The leaves, with a life span as

short as six months or as long as several years,
even play a role after they have died. When leaves
of a deciduous tree or an evergreen fall to the
ground, they take with them some of the waste
products the tree has produced duringthe leaves'
lifetimes. The fallen leaves then decay and add
essential humus to the soil. But it is not only the
tree that owes its existence to these miniature

food factories. All living organisms have a stake
in the future of leaves. That is because one of
the by-products of the process of photosynthesis
is oxygen, without which no animal-including
humans-could survive.

In many regions, the leaves of deciduous trees (aboue)

are beautiful harbingers of seasonal changes. On
other plants, such as the insect-eating sundew (below),

leaves play a more aggressive role.
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why do leaves differ in each plant?
Plants grow and maintain themselves through Even reaves that seem to be haphazardlyphotosynthesis' the process in which their- learies *iung.a have a ffiiric a"rign ro" 
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Sunfl ower Ieaf arrangement

flinfyt]otaxy, o{ arrangem€nt of leaves on a plantstem, rs expressed as a.fiaction. fn" *u"If"wer belowand at right, an example 
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A leaf.'s 
{e.Sree of divergence is calculated

:J^:l!T]fng its leaf arransement by 860.
(r€presentlng one turn around the stem). Thusrxe sunflower, with its phyllotaxy of 3/a, has adegree of divergence frbni reJ t6 r;;;iffs".
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f Alternate
phyllotaxy

How leaves are arranged

The points at which leaves are
attached to the stem of a plant are
called nodes. If there is just one leaf
at each node, the arrangement is

called alternate phyllotaxy (below,
Lefi). It there is a pair of leaves at
each node, the arrangement is
referred to as opposite phyllotaxy

(belou.t, centre).If more than two
Ieaves are attached to a single node,
the arrangement is called whorled
phvllotaxy (below, right).

Whorled
phyllotaxy

Shaped to collect sunlight

Each leaf is made up of the
lamina, the flat blade, which
collects sunlight, and the
petiole, the stalk, which at-
taches the leaf to the stem.

The simple leaf, with its
single blade, is the most com-
mon type of lea-f. There are
many variations in the shapes
of these leaves (ri,gLLt).

8

The blades of compound
leaves are divided into several
smaller leaflets. The identifica-
tion of individual compound
leaf shapes depends on how
the leaflets align themselves
on the stalk (ri,gh,t).

Shapes of
simple leaves
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Heart-shaped

Shapes of
compound leaves
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Orbicular

Kidney-shaped Linear
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Pedate
Palmate
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Can plants breathe?
Plants do "breathe", but they do it in their own
special way. Unlike animals, which breathe bv
taking in oxygen and expelling carbon dioxide,
plants handle their gas exchange in two different
steps, called respiration and photosynthesis. In
respiration, plants also take in oxygen and expel
carbon dioxide, oxidizing nutrients along the way.
In photosSmthesis, the process by which plants
manufacture their own food, plants require
sunlight and certain other raw materials. One of
the most important of these ingredients is carbon

dioxide, which the plant takes from the air through
its leaves. Using sunshine as its energ'y source,
photosynthesis combines the carbon dioxide with
water, usually taken in through the roots, to
produce simple sugars and oxygen. The process
produces more oxygen than the plant can use.
At night, when the absence of sunlight halts
photosyrrthesis, the plant discharges this excess
oxygen from the stomata, or leaf pores. In this
fashion, oxygen from plants sustains humankind
and all other life on Earth.

Sunlight

Stomata
---------.---\/\\- .''./
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A stoma's role

As water Yapour is lost
through the stoma, or leaf
pore, in a process called
transpiration, more water is
drawn up from the roots to
the leaves.

During respiration, a plant takes in oxy-
gen from the air and uses it to burn up,
or oxidize, the nutrients that have been
manufactured and stored in the plant
during photosyrrthesis. At the same time
the plant expels carbon dioxide. The
chemical reaction produced by respiration
provides the substances that the plant
needs to grow and maintain itself.
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A chemical reaction, called
photosynthesis, uses the energy
of sunlight to produce oxygen
and to synthesize a simple
sugar called d-glucose from the
carbon diofde in the air. Since
the process requires sunlight,
photosynthesis cannot occur at
night. When photosynthesis
ends for the day, the plant
releases its excess oxygen.
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Spiderwort stoma



Cross section of a leaf

Stomata, the openings on
the front and back of each
leaf, assist the gas ex-
change in respiration and
photosynthesis, and also in
transpiration. The gases
are spread throughout the
internal orga,ns of the leaf
via the intercellular spaces
in the spongy tissue layer
of the mesophyll.

The stoma, located in the
plant's epidermis, is a
small hole surrounded by
two kidney-shaped guard
cells. There can be as
many as 200 stomata, or
more, in an area no larger
than the head of a pin.

Guard cell

Stoma

Yacuole

Chloroplast

Epidermal cells

Guard cell

As the guard cell absorbs water, its
outer walls expand to open the stoma
for the exchange of air and waste
gases knom as respiration.
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Dense areas reveal the stomata.
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What causes leaves to change colour?
In the autumn, a leaf goes through many changes
that alter its colour. First, as the days grow
shorter and the temperature drops, an abscission,
or separation, layer forms at the base of the leaf
stalk. This interrupts the flow of sugar made in
photosyrrthesis. As a result, sugar is trapped in
the leaf. In maple and sumach leaves, the sugar

The structure of a leaf Front of leaf

Palisade
tissue

,::;'.rlilii{llii€W

produces a bright red pigment called anthocyanin

-the name for any of the group of pigments that
give flowers colours in the blue-to-red range. At
the same time, decomposing chlorophyll causes
the leaf's green colour to fade, so the red becomes
visible. Yellow autumn leaves get their colour from
a yellow pigment called carotene.
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Leaves have a layer of elon-
gated cells in the palisade
tissue, just below the epider-
mis, and a layer of irregularly .

shaped cells in the spongy
tissue on the back. Water and
nutrients flow between these
layers. Gases are exchanged
through the stomata.

Spongy tissue
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ri'
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Back of leaf Stoma Guard cell

1

I

Epidermal
cell

With the chloro-
phyll gone from
all its cells, the
whole leaf turns
a brilliant red.



Preparing for separation

As autumn days grow cooler and
shorter or, near the equator, as the
dry season starts, tree roots send
less water and fewer nutrients to
the leaves. As a result, leaf activity
siows down, and the soft cells that
form a small colony called the abscis-
sion, or separation, layer across the
stalk (far ri,gltt) develop. When this
iayer grows, it forms an enzyme
called cellulase that decomposes the
stalk's cell walls, weakens the leaf's
attachment to the tree, and even-
tually causes the leaf to fall.

Abscission
layer

Abscission layer and
winter bud at the
base of the stalk

Sieve
tube

Xvlem
vessel '\

w
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& A maple leaf changes colour

When the separation layer develops at
the base of the stalk, anthocyanin forms
from the sugar contained in the leaf cells.

Palisade tissue
at the front of
the leaf begins
to turn red.

The leaf's green
colour fades as
chlorophyll
breaks down and
more anthocyanin
forms in the
palisade tissue.
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Water absorbed by the
roots flows Lhrough xy-
lem vessels to salurate
the whole tree. When it
reaches the leaves, it
transpires through
stomata on the backs
of the leaves. Sugar
manufactured in the
Ieaves is transported
throughout the plant in
the phloem's sieve tubes.

When all the palisade
tissue has turned red,
the spongy tissue at
the back begins to turn.

?

Stalk in spring
or summer

Stem



do leaves fall in the autumn?
'.

,;rsfi't
Shedding leaves is one way that trees conserve
their water supply during the harsh winter
months. These leaf-losing, or deciduous, trees
have leaves that are thin (below) compared with
the leaves of evergreens (bou, opposite). The
thinner leaves lose a great deal more water
through transpiration than do the thick evergreen
leaves. So in the winter, when root activity and
water absorption decrease, the deciduous trees

!6 drop their leaves, keeping water loss at a mini-
;ry mum. Discarding their leaves also helps them

dispose of toxic or waste products, such as calcium
and silicon, which have accumulated during the
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summer.

r'
The leaves of the poplar tree
(lnfi) have fl attened stalks,
which cause the leaves to flut-
ter easily. This aids greatly in
transpiration and allows the
poplar to grow in wet ground.
The name "poplar" is related
to the Greek word papui,Llo,
which means "to shake".
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The mechanics of defoliation

The cooler, shorter davs of autumn restrict the flow of
water and nutrients, causing a decrease in leaf activity.
Soon colonies of soft cells form around the base of the
stalk. This zone, called the abscission, or separation,

lai" ;,i

Not all trees defoliate

Some deciduous trees do not shed their leaves in
winter. The dead leaves of several oaks (belout), fot
example, remain on their branches thrgughout
winter. In the spring, replacement buds push the old
oak leaves off the tree. Other deciduous trees, such
as the chestnut, also hang onto their leaves in winter'
Some beech trees, the ones that originated in
southern climates, do not produce abscission layers
and therefore cannot shed their leaves effectively.

layer, produces an enz;,ryne called pectin, which dissolves
the stalk's cell walls and causes the leaf to detach. When
the leaf falls, a cork layer quickly forms over the point
of detachment, protecting the severed stem.
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When the leaf
falls, the severed
end is protected
by a cork layer.
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Scar left by defoliation

How an evergreen defoliates

Trees that retain green leaves all year round
are called evergreens. This does not mean,
however, that they keep the same leaves year
after year. Unlike a deciduous tree, which loses
its leaves all at once, the evergreen sheds and
replaces leaves continuously. On average, an
everg:reen leaf lives for three to four years,
although the life span varies greatly from one
plant family to another. Trees of the pine family
(below, Lefi), for example, may keep leaves for
up to nine years. The life span of a rhododen-
dron leaf, on the other hand, may be as short
as six months.

$. New
& leaf

Japanese black pine Rhododendron

Quercus borealis

{&- xixw t.tffi)&"ffi. IStffi '&
!

Quercus ttariabilis
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What makes mimosa leaves curl?
When disturbed, the leaves of the mimosa curl up
and the stalk bends downward. This response to
outside stimuli is called nastic movement and is
caused by a sudden change in water balance.
The mimosa, native to the grasslands of South
America, exhibits two kinds of nastic movement.
One type, called haptonasty, is a reaction to touch.
The other type, called photonasty, is a reaction
to light. Both reactions occur at swellings, called
leaf cushions, at the base of the stalks and at the
points of attachment of the leaflets. Upon the
slightest touch, the swellings drain their stored
water, causing the leaves or stalks to droop.
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Main
leaf
cushion

Stem

Thorn

Stipule

Leaf cushion

r!'.-.-n

Leaflet cushion

Although native to South
America, the mimosa is
cultivated elsewhere for its
bright pink flowers. A mem-
ber of the legume family, it
blooms from June through to
August. The plant responds
to touch or darkness by clos-
ing its leaves and bending
downward.
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Reacting to touch

When the mimosa is disturbed, the liquid-filled motor
cells in its leaf cushions leak water into the spaces
between the cells. This loss of water pressure causes
the leaflets to fold and the leaves to droop and wilt, all

,. .;--rl

of which occurs in a matter of seconds. But it can take
several hours for the mimosa to recover. The plants
are so exquisitely sensitive that they were once be-
lieved to have an animal-like nervous system.

Leaflet is disturbed.

How a leaf cushion moYes

?

l

r Stalk

Main leaf cushion

Liquid in the
motor cells

Leaflets begin to close.

i"',

Stimulus is transmitted
to next pinnate.

i

FF.

Liquid responds to stimulus
by flowing from motor cells.
l

Liquid flows, and the pressure
inside the motor cells is lowered.

1r
Motor cells responsible

{lar curling
-\-=-\

*----

Main leaf cushion when leaf is open Main leaf cushion when leaf closes

The mimosa's sleeping posture

In addition to its closing and drooping response
to physical touch, the mimosa is extremely sen-
sitive to light. This is true of some grasses and
herbs as well, such as the wood sorrel, shown
at far right. The leaves of the plant close up
shortly--after dark and stay closed until the sun
reappears the next day. This reaction to light,
known as photonasty, or sleeping posture, uses
the same mechanics as the mimosa's reaction
to touch. Its reaction to light is, however,
somewhat slower. When moved from light to
dark a mimosa plant will take about 30 minutes
to close. The plant will open again only when
light hits Lhe leai cushions.

The wood sorrel opens in
daylight (top) and closes up
at night (bottom).Day (top) and night (bottom)
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Do some plants eat insects?
Some plants, called insectivorous plants, have
special leaves that trap insects. Although these
plants perform photosynthesis to make some of
the nutrients they require, they often grow
in acidic soils or in water low in the minerals
nitrogen, phosphorus, and potassium, which they
need to s;mthesize protein. Scientists speculate

:,Hr.,e

Attractive lure

The Venus fly.trap, native to the
coastal regions of the south-
eastern United States (below),
captures insects by snapping its
two leaves shut like a shell when
an insect walks on the surface of
the leaves.

A series of marginal
teeth on the leaves of
the Venus flr,'trap inter-
lock, preventing insects
from escaping.

Marginal
tooth

' .i.

;.1

The Venus flytrap in action

2

Marginal teeth
close rapidly
round the insect.

a{- 
Marginal teeth

7- Leaf

-=*-\ Sensory hairs

Motor cells
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A fly touches
a sensory hair.

that insectivorous plants must feed on insects to
supplementtheir meagre intake of these minerals.
The plants use various traps including a pot-
shaped pitfall, leaves that close like clam shells,
sticky surfaces, and a water-straining method.
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The leaf closes tightly,
and digestive enzymes
attack the fly.'{----- Midrib



How a pitfall trap works

The Nepenthes pitcher plant
(below) lures insects with odour
and nectar. Once in the jug-
shaped insectivorous sac, the
insects are unable to escape
and eventually decompose in
the plant's digestive enzJ,rrnes.

Lid

Nectar-secreting
gland

Opening

Insectivorous sac

Sticky glue

The 85 species of sundew
plant that grow throughout
the world employ a sticky
mucus that traps their prey.
This mucus, secreted by the
leaf's dense covering of gland
hairs, is more than just sticky:
It contains the juices that
digest the trapped insect. The
gland hairs push the trapped
insect downward while the
leaf blades wrap round it.

There are 65 varieties
of the insectivorous
N ep enth,e s pitcher plant
in China, Southeast
Asia, Sri Lanka, India,
Madagascar, and
elsewhere. Often found
climbing in forests,
Nepentlrcs usually
captures many ants.

Sucking up its victims

The bladderw ort (Utr iculwi.a),
sometimes considered a trapping
plant, grows in the streams and
wetlands of Japan, China, and
Sakhalin Island, Russia. The
entrance to its insectivorous sac
is controlled by a valve, which
opens to take in water rich in
protozoa, water fleas, and insect
larvae. The sac then expels the
water and uses its absorption
hairs to digest the creatures.

The insectivorous sac
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Bladderwort's watery trap

W

Digestive
enzymes

An insectivorous sac grows from a swelling at the tip
of the Nepmtltes vine. The lid opens as the sac gr:ows.

The tube-shaped Ieaves
of the Surracen'ia
pitcher plant grow in
the spring and attract
mostly winged insects.
An odour from the
tube's interior entices
the insects. Once the in-
sects are inside, thick
downward-pointing
needles keep them en-
trapped. Scientists
suspect that the Ieaf
secretes a narcotic that
drugs its prey.
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Sarracenia's deadly tube

When microscopic wa-
ter dwellers touch the
thin hairs at the entrance
to the bladderwort's sac,
a valve opens and water
pressure forces the vic-
tims into the trap.
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Absorption hair
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\-r, , Insectivorous
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Trapped by a sundew
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Are pine needles really leaves?
Although they may appear quite different from
the flat, wide leaves of other trees, pine needles
are leaves nonetheless. Functionally they are no
different from other leaves. They have chloro-
plasts, with which they perform photoslmthesis,
and they use stomata for respiration and tran-
spiration. Structurally, however, pine needles are
different. There is, for example, only one vein run-
ning through the centre of the needle to carry
water and nutrients, as opposed to the numerous
veins in a flat leaf. Pine needles have a thick
epidermis that allows them to survive in any
climate from tropical to polar, and a long, sharp,
narrow shape that makes it difficult to distinguish
the front from the back.

Built for harsh climates

The pine needle, which gets its name from its long,
thin shape, is coated with a thick, waxy cuticle that
reduces water evaporation. Pine needles are also
resistant to freezing, which makes them well suited
to cold climates.

The Japanese black pine, a tall
evergreen found in Japan and
parts of South Korea, has dark
grey bark and hard needles
(aboue), with two leaves to a fasci
cle from 10 to 15 centimetres long
and about 1 millimetre wide.
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An ancient Japanese black pine
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Pine needle attachment

Pine branches are divided
into long and short lengths.
The needles are normally at-
tached at the tip of the short
branch in bundles, or fasci-
cles, of two, three, or five.

Long branch

Fascicle



Japanese
black pine

Resin
duct

Mesophyll
tissue

Vascular
bundle

Cuticular layer
Stoma

Resin duct

Epidermal cell

Mesophyll

Yascular bundles

The cuticular layer and
the epidermal cells act
as the needle's skin. The
stomata serve as vents,
and the mesophyll tissue
performs photosvnthesis.
The resin duct carries
resin to heal wounds,
while water and
nutrients flow through
the vascular bundle.

The shapes of pine needles

The cross-sectional shape of a pine needle is determined by
the number of needles making up a fascicle. The various cross-
sectional shapes are categorized as orbicular (below, lefi),
semiorbicular (below, centre), and fan-shaped (belou;, rigllt).

Japanese .t,i .,,M:

The Japanese red pine
has two needles about
12 centimetres long.

The North American long-
leaf pine's three needles
grow to 60 centimetres.

The Japanese white pine's
five needles grow to about
9 centimetres.
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For humans, flowers have become symbols of
fragile, purely ornamental beauty. In real, non-
symbolic life, however, flowers are the hard-
working and highly successful reproductive tools
developed by one large group of plants, called
angiosperms.

Flowers vary widely in size, from those of the
aquatic Woffia, the size of a sesame seed, to the
jungle flower Rffies'ia, which has the diameter
of a washtub. They range in colour and beauty
from tiny, grey-green grass flowers without petals
to large, brightly coloured garden flowers and
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exquisite tropical orchids. Some flowers look like
a child's drawing of a flower: five petals with a
round centre. Others look like trumpets, pitchers,
or even insects.

All these flowers have some structures in com-
mon. Male parts, called stamens, consist of a stalk,
or filament, and a pollen head, or anther. Female
parts, called carpels or pistils, consist of an ovary,
where the seed develops, and a stalk, or style,
tipped by a sticky stigma, which receives pollen.
Stamens and carpels may occur on the same
flower, on different flowers of the same plant,

or on different plants. Most plant species avoid
pollinating themselves, thus increasing variety in
their offspring. Instead, flowers rely on a vast
variety of pollinating methods, from the wind to
insects to bats.

Blooming by day or by night, all around the world,
flowers vary from the brilliant azalea (top Lefi), visited
here by a swallowtail butterfly, to the glant Rffies'ia
(bottom rioht), smelling of carrion and attractive
mainly to flies.

;om rLgnt), smelllng or carrlon ano arf,racllve
nly to flies.
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Why do some insects visit flowers?
Butterflies and bees visit flowers to feed, but they
do not harm the plant. Flowering plants and
insects-including butterflies, bees, flies, beetles,
and others-have formed a close partnership over
millions of years of evolution. This partnership
helps plants reproduce and feeds the insects.

Plants produce brightly coloured flowers with
strong odours that attract insects. They also make
food in the form of nectar, a thin, nutritious symp,
and extra pollen, tiny, sticky particles that carry
the plant's male reproductive cells. But plants also
make sure visiting insects carry some pollen
intact to the (female) stigma of another plant.
By fertilizing different individuals, or cross-
pollinating, insects help plants produce more
varied offspring. This varietyhelps the new crop
of plants srirvive different environmental condi-
tions to reproduce again.

In their search for food, insects have evolved
with long, tubelike mouthparts to reach nectar,
as well as special pollen-carrying hairs. Overall,
insects pollinate about 80 percent of all flower-
ing plants; but birds, bats and other mammals, and
even slugs pollinate some plants.

With their strong sense of smell, butter-
flies prefer sweet-smelling, colourful
flowers such as this azalea.

1. The brightly coloured corolla
attracts insects.

2. A pattern of spots or stripes,
called the nectar guide, shows
an insect where to find nectar.
Some nectar guides reflect only
ultraviolet light. Humans cannot
see them, but bees can.

3. Deep in the flower lies the
nectar gland, or nectary, which
makes nectar and scent.

Dusting insects with pollen

Some flowers actively place pollen on
visiting insects. The flowers' structural
devices range from tapping to trapping,
and an insect cannot leave these flowers
without pollen.

Orchids display the widest variety of
pollinating devices. The stamens of this or-
chid trap the bee. When the bee struggles
to escape, it gets smeared with pollen.

Chemicals colour the corolla

Chemicals called pigments give flowers their
colours. Some are strong, others mere tints.

oos
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Different pigments produce the
spots or lines of nectar guides.
Some reflect ultraviolet light.

1. Colours ranging from baby
pink to royal purple come from
pigments called anthocyanins.
2. Pigments called carotenoids
give carrots their colour. They
produce colours from lemon
yellow to tomato red.
3. Flavones produce the palest
yellow tint. Stronger pigments
often mask the flavones' colour.
4. White flowers have no pig-
ment. Instead, air bubbles in the
petals scatber light of all colours.
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Structure of a
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Flowers that bloom at night

The carpel, or pistil, features a
sticky stigma on its tip for catch-
ing pollen carried by insects.

Each stamen consists of a long,
thin stalk, called a filament, with a
pollen-producing anther at the end.

Night-blooming flowers, Iike this
evening primrose, need night-time
pollinators. The hawk moth, for
instance, seeks nectar a"fter dark.

A fake female attracts insects

Some orchids look just like a female
insect, wings and all. When a male
tries to mate, he picks up pollen.

Triggerlike keel

In some flowers, two petals form
a landing platform called a keel.
When an insect lands, the stamens
pop up to transfer pollen.

A bee entering a fresh salvia flower
triggers the stamens to curl down-
ward, dusting the bee with pollen.
The bee then carries the pollen on.

Some foul-smelling flowers, attrac-
tive to flies, trap them for long periods.
When the fly finally makes its escape,
it takes pollen to the next flower.



Why do plants bloom at certain
times of the year?
Some plants bloom in early spring, others in late
summer. In addition, many species bloom only
at the time of year when the length of daylight
precisely suits them.

Although plants bloom at different times
throughout the warm part of the year, they all fall
roughly into three blooming categories. So-called
short-day plants bloom late in the summer as
nights get longer. Long-day plants bloom in late
spring as nights get shorter. Day-neutral plants
bloom any time they have enough water and sun
to produce flowers.

After these categories were named, scientists
discovered that plants do not bloom according
to day length, but according to the hours of con-
tinuous darkness. Each species may need a dif-
ferent number of nights of the right length. The
short-day plant called cocklebur, for example,
blooms alter a single dark night. Soya beans, on
the other hand, need four proper nights in a row.
At the opposite extreme from cocklebur is spinach,
which must have two weeks of shorter nights.

Flower-blooming hours Early summer n

Day length and blooming

Each species of short-day or
long-day plant blooms afber one
or more nights that last a cerbain
number of hours have occurred.
Poinsettias are short-day plants
that need at least 12 hours of
darkness to bloom. Spinach, a
long-day plant, needs dark
periods less than 11 hours long.

Plants respond to the period
of darkness precisely. Thirty
minutes can make the difference
between a night that lasts long
enough and one that is too short,
and the darkness must not be
interrupted. Some species are so
sensitive that even a minute of
light in the middle of the night
can reset the plant's clock and
prevent it from blooming.

When flowers open

Some flowers, such as the
morning-glo ry (b ottom), op en
at dawn and close before dusk.
Tobacco, by contrast, opens
only at night. By growing faster
on one side than the other, each
petal bends, closing or opening
the flower.

ffi Late summer
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Morning-glory

The soya bean, a short-
day plant, belongs to
the legume family,
which includes peas as
well as other beans.

5.00 a.m.

Morning-
glory
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Short-day and long'daY Plants

Poinsettia has tiny
flowers but showy red
upper leaves, or bracts.

Night length
Day len

The dahlia, of the
chrysanthemum family,
can reproduce by a tuber.

Wheat, a member of
the grass family, is an
important grain.

#w_

-qffi
#

The short-day plant
called cocklebur, or
XantLci,um, needs a
night longer than nine
hours to produce flower
buds. If only one leaf
is covered with black
paper, simulating night,
the whole plant begins
to bloom.

Leaves respond to night length

A plant without leaves will never bloom. But if a single leaf is exposed
to the correct night length, then grafbed to the leafless plant, it can
trigger blooming in its new plant. This works even if the donor and
recipient are of different species or in different blooming categories.
Scientists guess that a chemical must flow from the leaf to the rest
of the plant. But after 50 years of searching for this "flowering
hormone", they still have not isolated it.



What is the world's largest flower like?
The immense flower of the Southeast Asian plant
Rffiesia arnold;ii is one of the most remarkable
specimens in the plant world. Growing to the size
of a washtub-up to a metre across-it can weigh
as much as 7 kilograms.

Although it produces the world's largest single
flower, Rffiesia has tiny stems and roots. The
plant does not need large stems because it grows
right on the forest floor. It also does not need
large roots because it is a parasite, getting its
nutrition and water from the stems and roots of
other plants.

The purplish red Raffiesia flower smells like
rotting meat, attracting hundreds of flies. As
the flies crawl around in the central bowl, they

A genus of parasites

Fifty species of the genus Ruffl.esia
live in Southeast Asian jungles.
Raffiesia a.rnoldii is found only on
Sumatra. Its five huge, leathery petals
surround a bowl-shaped structure in
the centre of the flower. Large spikes
line the bottom of the bowl. Small
stamens and pistils are arranged below
the spikes. Most of the tissues of the
plant-other than the flower-remain
inside the roots and stems of its host.

accidentally collect pollen which they carry from
flower to flower, pollinating the plants. Once
pollinated, the Raffl,esza flower matures into a
large, soft, sticky fruit. In some areas, Indian
elephants and other large animals distribute
Raffiesia's small, hard seeds in an unusual way.
When an elephant steps on a fruit, the seeds stick
to its foot and eventually get trampled into the soil
near the roots of vines that Raffi,eszo parasitizes.

AgerminatingRafilnsia seed sends roots right
inside the stems and roots of vines that grow along
the ground. Soon a golf-ball-size bud emerges. It
slowly grows into a larger bud looking like a
brownish cabbage, and after about ayear and a
half it blooms.

The Rafflesio flower

Inside the central bowl of a Raf-
flesia flower lies a flat, spiky plate
that smells like rotting meat. Flies
lighting inside the bowl slip to the
bottom, where they crawl past the
small stamens and pistils.

Circular body

Petal I Pistils and stamens

Root of host
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Other parasitic plants

All plants need water, minerals, and food.
Most green plants absorb water and minerals
from the soil through their roots. They make
food from carbon dioxide and water using
the sun's energJ and a green pigment called
chlorophyll. Completely parasitic plants such
as Raffl,esia get all three necessities from
host plants. Raffl,esia and other parasites
have no leaves and therefore no chlorophyll.

Partially parasitic plants, such as mistletoe,
have green leaves and make some of their
own food, so they mainly take only water
and minerals from their host.

Broomrape and members of
its family parasitize leafy
plants such as grasses.

This form of broomrape
lacks chlorophyll and taps in-
to the roots of leafy plants.

The figwort makes its own
food. But it gets minerals
and water from host plants.

Dodder, a kind of morning-
glory, climbs plants, sucking
nutrients from the stems.

Climbing parasites send
roots into the stems of the
host to get nutrients.

This member of the sandal-
wood family parasitizes Plants
for minerals and water.
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Do flowers have different sexes?
Flowers in most plant species contain both male
stamens and female carpels. But some species
have evolvedwith separate sexes. In suchplants,
all the flowers on an individual plant are male
(with stamens) or female (with one or more
carpels). These plants cannot self-pollinate.

When flowers with both sexes self-pollinate,
they produce offspring that are exactly the same
as the parent plant. If environmental conditions
should suddenly change, however, a population
of identical plants could die out. A varied popula-
tion, on the other hand, might contain some in-
dividuals that could survive. So a species gains an
advantage if it does not self-pollinate.

In addition to completely separate sexes, plants
have evolved with other means that avoid self-
pollination. In some species, each flower may
cilry either stamens or carpels, but not both. This
reduces the chance of self-pollination; in some
plants the male flowers do not mature at the same
time as female flowers, further reducing the
possiblity of self-pollination. Even flowers with
both stamens and pistils can avoid self-pollination.
Often the stamens will mature first. They then
shed their pollen and wither before the carpel ma-
tures. Later,the mature carpel develops a sticky
stigma to receive pollen carriedbyinsects from a
different plant.

Squash and many of its
relatives have separate male and
female flowers on a single plant.
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Male flower
withers.

Petal

Anthers

Filaments

Sepal

Stalk
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Male squash flower

Squash flowers have five large yellow petals
with five smaller green sepals underneath.
The five stamens with the pollen-bearing
anthers on the end are bundled together in
the centre like a single structure.
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Plant techniques

Plants in which each flower has both stamens
and carpels are called hermaphroditic. Those
with separate male and female flowers are called
monoecious. And those in which each individual
is either male or female are called dioecious.

Male and female flowers on a single plant may
be separated like those of the chestnut (below,
Iffi), which has a few female flowers at the base
of the flower stalk and many male flowers
nearer the tip. Or they may look different, like
the Akebia's flowers (below, ri,gh,t). This dif-
ference in appearance discourages insects from
flitting from a male to a female flower on the
same plant.

The chestnut and Akebicr plants have different
ways of avoiding self-pollination.

The flowers of dioecious plants may have
widely differing appearances. The male cycad
flower, or cone (below, lefi), for instance,
reaches a length of about a metre, whereas
the female cone (rigltt) resembles a ball.

Cycad flowers: male (Lefi), female (right).

In hermaphroditic flowers, the stamens may
mature before the carpel, or the carpel may ma-
ture before the stamens. Either sequence pre-
vents self-pollination. In the bellflower (be\ow),
the stamen matures, sheds pollen, and dries out
before the stigma spreads to receive pollen.

The stamens in the bellflower mature first (l.efi).
Later, the carpel matures (rigllt).

Petal

Stigma

Style

Sepal

Ovary

Stalk

Female squash flower

A female squash flower looks much like the
male flower. The female stmcture, or carpel,
consists of an ovary below the five petals and
five sepals, and a stalk, or style, topped by a
three-part stigma that receives pollen.

Variety Yersus volume

Bv avoiding self-pollination, plants gain the
advantage of variety in their offspring. But,
at the same time, by doing this they reduce
the number of seeds they produce.

Hermaphroditic
flowers either
self- or cross-
pollinate.

Monoecious flowers
usually cross-
pollinate, but
sometimes self-
pollinate on the
sarne plant.
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How do tulips open and close?
Some flowers, such as the tulip, open every
morning and close every night. Each evening,
tulip petals bend upward and the flower closes.
Every morning the flower opens again.

Surprisingly, the petals are reacting not to
changes in light but to changes in temperature.
When the temperature drops as evening comes
on, the cells on the outer surface of each petal
grow slightlyfasterthan the cells onthe inner sur-
face. This growth forces the petal to curve inward.
In the morning, as the temperature begins to rise,
the cells on the inside of each petal begin grow-
ing faster, forcing the petal into a straighter shape
and opening the flower. The tulip will also open
if it is moved from a cold room into a warm one,
even if the light is the same in each room.

Otherflowers openand close in response tolight
and dark. And some have a sort of internal clock.
They will open and close every 12 hours even if
the light or temperature never changes.

A tulip opens and closes

On a cool morning, the
cells on both sides of the
tulip petal grow at the
same speed.

The tulip came originally
from central Asia but
now grows in gardens
all over the world. The
Netherlands exports many
tulip bulbs, which are
planted in the autumn.
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As day progresses and the
temperature rises, the cells
on the inside of the tulip
petal grow faster, bending
the petal outward.

When evening comes
and the temperature falls,
the cells on the outside of
the petal grow faster,
bending the petal inward.

Responding to light

Many flowers open and close in
response to light. Scientists think
flowers may open at times when
pollinating insects are most likely
to be active. Gentians and mari-
golds open at dawn and close at
dusk. Tobacco flowers, on the
other hand, open in the evening.
A cloudy, dark day prevents day-
opening flowers from responding.
In some cases, a flower will con-
tinue to open and close even
when kept in the dark.

Gentian opening and closing

In the gentian, only part of the
petal moves. The cells grow
faster on the outside surface, clos-
ing and twisting the petal tips.

About 500 species of gentian,
most a deep blue, flourish
worldwide. Some species live
high in mountains, while close
relatives live in arctic regions.
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Do grass plants have flowers?
Tiny grass flowers, lacking petals and sepals, may
be hard to see, but grasses reproduce much as do
other flowering plants. Instead of attracting in-
sects with colourful petals, g:rasses rely on wind
for pollination. Although many kinds of grasses
can spread without producing seeds, sexual
reproduction has allowed the grass family to
evolve into a large, successful group.

Grass flowers grow three long stamens and a
single carpel with two stigmas. In most grasses,
cross-pollination is ensured because the stamens
develop before the stigmas. Some species have
separate male and female flowers on a single
plant. Separate male and female plants arerare
in the grass family.

Grass fiuits, called grain, supply food for nearly
everv human in the world. Wheat, oats, barley,
nce, maize, and sugar cane all belong to the grass
family. Humans cultivate cereal grasses not only
for food but also to feed livestock.

Structure of a grass flower

Grass flowers sprout from the end of the stem
in groups called spikelets, having up to 20
flowers each. Each individual flower has only
one ovary and grows a single seed, or grain.

;l

Artsfa I
'ii

Stigma

Anther

Secondary glume

The spike
contains several
spikelets, each
with several
flowers.

Lawn grass spreads in
two ways. It produces
flowers and seeds as
other flowering plants
do. But it can also
spread by way of
underground stems that
sprout new plants every
few centimetres.

The parts of a grass plant

Several leaflike sheaths wrap round a grass
flower. Inside lie three stamens, each with a
filament and an anther, and a carpel with an
ovary and two stigmas.

Arista

Stigma

Anther
Ovary

Scale

Palea

Lemma

Grass
flower
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Varieties of lawn grass

A wide variety of grasses are used for lawns. Some
species tolerate shade well, others tolerate rough use.
Grass seed intended for home lawns often contains a
mixture of species. Because of their fast seed production
and growth by underground stems, grasses can quickly
cover newly distributed soil. Although stamens and
stigmas mature at different times in many grasses, the
illustrations here show both at a mature stage.

'!
Ji,
l

.d:fl
:i6t ,\

.'I I I:dj., iii:t,,

L i:tf..
,i.,1,

Bermuda grass
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Bent grass

Filament of stamen
Palea
Ovary
Flower stem

Secondary glume

Kentucky bluegrass

Red fescue

@

I

f

t'/
\l /,'l,t

,. | 111l)t:'!
, \,i]i,\. .t //

'lli -"
:';,lt!/. y'14

\rtl

\

Lawn grass blooms.

Italian rye-grass
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Fruits and
seeds

Like most living things, plants must bring male
and female cells together to reproduce their kind.
Butplants have a special problem after their eggs
are fertilized: How can they spread their seeds?
Because plants cannot move from place to place,
they have evolved with various methods for
dispersing their progeny. Some seeds just drop
to the ground. Others sail through the air on tiny
parachutes or wings. Others float on ocean waves.
But the most remarkable methods are the part-
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nerships that have evolved between plants and
animals to take seeds to new ground.

Many plants grow nutritious, often colourful or
fragrant fruits around their seeds, and this colour
or fragrance attracts birds and mammals. When
animals eat the fruit, they carry the seeds from
place to place. Sometimes the animals swallow
the seeds and later deposit them along with
droppings. Other times, the seeds stick to beaks,
feathers, or fur, only to fall off later, far from

"-'*$ .,,r&*--

the parent plant.
Nuts are particularly nutritious seeds, which

many animals eat and also store for later con-
sumption. Those that are not eaten may sprout,
creating new plants and beginning the cycle again.

Fruits come in a colourful variety of shapes and sizes,
from stone fruits such as cherries and peaches to
multiple fruits such as pineapples (shoum below and
in th,e cutaway aboue).



How do flowers make fruit?
After pollination, a flower starts to change
dramatically. Many parts of the flower may grow,
depending on the species. This growth results in
the foods we call fruits, nuts, grains, and in some
cases vegetables. Plants make sweet fruits that
attract birds and bats just as they make colourful
fl owers that attr act insects. When an animal eats
a fruit, it incidentally scatters the seeds. In this
way, the plant species spreads.

Seed growth begins when a pollen grain lands

Simple fruits: ovaries alone

A fruit that grows from one ovary consists of three
layers surrounding the seed: a skin; a thick, fleshy
middle layer; and a tough or hard inner layer. All
three layers make up the pericarp.

Peach

on the sticky stigma at the tip of the carpel, the
female structure. The pollen grain contains two
sperm, or male reproductive cells. A tube grows
down from the stigma through the style to the
ovary. There, one sperm fuses with the egg cell,
or ovum. This cell becomes the embryo. The other
sperm fuses with two other cells, becoming a
tissue called endosperm, which nourishes the
embryo. The starchy, nutritious part of grains
such as wheat and oats comes from endosperm.

Stigma

{ *-=- Petal
**-*--$;.;- Anther

Egg cell

Sepal

A delicate, fuzzy skin covers a peach. The middle
Iaver grows thick, sofb, and sweet. The inner layer, on
the other hand, forms the pit, or stone, and the seed
itself forms inside the pit. Botanists call this kind of
fruit-one that grows from a single ovary-a drupe.

Orange

Ovary

Egg cell

o"*ftrH

-:-.---1,.1:,1 Berries grow from a com-
pound ovary-several ovules
fused together. In the orange,
a type of berry, the skin is
thick and leathery, and the
inner layer divides the flesh
into segments.
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Complex fruits

Complex fruits grow from many separate ovaries, and
sometimes from tissues other than the ovary. In some
plants, such as the raspberry, a single flower produces

i iruit from many ovaries (and therefore with many
seeds) called an aggregate fruit. In others, many
flowers fuse to produce a fruit called a multiple fruit.

Pineapple

Pornegranate
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The apple's flesh comes
from overgrown recep-
tacle tissue. The ovary
makes up the apple core
around the seeds.
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Flower stem

One flower

A pineapple's edible fleshi
g"o*s fr-om the recep- {
tacles of many flowers. "!.,,

tissue, from which a
tough skin grows.

A variety of fruits

Pollinated flowers develop in a variety of ways,
producing ftrrits, grains, beans, and nuts. Simple
fruits, which come from a single ovary, may grow
juicy layers, or they may be dry. Aggregate fruits,

imple fruits

Strawberry 
{

\ ir Ovary
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'}t- Senat 1 |\I
A strawberry's flesh \ i
develops from a single q*i,

flower's receptacle. Each )
tiny seed on the surface 'o 

"':;=comes from an ovary.

which grow from many ovaries in a single flower,
may d&elop juicy flesh from the receptacle or
from the ovaries, as in the raspberry. Multiple
fruits grow from many flowers fused together.

te fruits

Strawberry

Raspberry

Multiple fruits

ffiffi
Mulberry
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Pineapple
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Can figs grow without flowers?
Without a close look, one might think figs grow
fruits without flowers. But the fig flowers are just
hidden inside the fruit. The sweet flesh of a fig
actually consists of a swollen stem, or receptacle,
growing around a cluster of flowers. The stem
grows in the shape of a vase, and the flowers
sprout inside the vase. Only a small opening
remains in the end of the fruit.

Wild figs grow three kinds of flowers in each
fruit: male flowers, female flowers, and gall

flowers, which do not form seeds. Specialized
wasps, known as fig wasps, pollinate figs, laying
eggs in the gall flowers.

Cultivated figs may have only female flowers.
Some varieties can develop fruit without being
pollinated, but usually wasps carty pollen from
male flowers of another tree. Fig farmers some-
times grafton abranch from a variety with male
flowers to encourage wasps to pollinate the fruit-
bearing trees.

The fig tree

About 800 species of fig trees,
belonging to the mulberry family,
grow in tropical regions. Besides
fruit-producing trees, the fig
genus Ficus inclades the strangler
fig, the banyan tree, and the
rubber plant.

The sweet inner pulp
of a fig grows from
the ovaries of many
fig flowers. Each will
produce a tiny seed.

The outer flesh of a
fig develops from the
swollen stem, or
receptacle, of the
flower cluster.
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Flower clusters become fruit

In both fig and pineapple plants, large clusters of
flowers, or inflorescences, grow into the fruit humans
eat. But they grow in opposite ways. A fig receptacle
grows around the flowers, turning the whole cluster

Flowers grow inside the fig.

Fig pollination

inside out. Both the receptacle and the flowers can be
eaten. The receptacle of a pineapple swells up with
flowers still on the outside. Its stem becomes the core,
and many flowers form the flesh and the skin.

Pineapple flowers are outside.

-."1)\
In wild figs, male flowers grow near the opening,
and both female and gall flowers grow near the bot-
tom, inside the fruit. A female fig wasp lays eggs in
the gall flowers. When the eggs hatch, the grubs
feed on the gall flowers. As the male and female
wasps mature, they remain inside the fig to mate.
The blind, wingless males die after mating, but the
females crawl out, collecting pollen from male
flowers near the opening as they leave. Each fig
wasp species can only reproduce in a single species
of fig, and that fig species relies on its own wasp
for pollination.
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A female fig wasp enters a young fig fruit and lays
eggs. The eggs hatch, and the wasps mate inside the
fig. Later, a fertilized female flies out, carrying pollen
to another fig plant.
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Flowers that self-poliinate

Some plants, such as the violet shown here, produce
self-pollinating flowers at certain times of the year. In
the spring, insects cross-pollinate violet flowers. But
in the cooler autumn, another crop of flowers grows.
These never open. Instead, pollen from the stamens
falls directly onto the stigmas of the same flower,
producing a second set of seeds.

The offspring produced by such self-pollination con-
tain a mixture of genes from the parent plant. Al-
though they are not identical to the parent, they do
not have the variety produced by cross-pollination.

A self-pollinating violet grows fruit.
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Why do sunflowers make many seeds?

ar;;\

A garden sunflower looks like one gigantic flower,
but it actually consists of many hundreds of tiny
flowers. These tiny flowers all crowd together in
a fl ower head, or inflorescence. The petals round
the edge of the sunflower each belong to a single
flower. These flowers do not make seeds. In the
centre, smaller, tubular flowers each make a fruit
with one seed. What we call sunflower seeds are
actually dry fruits with a hard skin, or outer
pericarp.

Many other familiar flowers, such as daisies,
dandelions, and thistles, beiong to the sunllower
family. Because they all have flower heads com-
posed of many tiny, stalkless flowers, botanists

'''call the family the Compositae.
,,6fl$Awr+;;

The garden sunflower

A native of North America,
or possibly Peru, the garden
sunflower was cultivated be-
fore AD 1000 in the south-
western part of the United
States. Wild plants have
flower heads 15 centimetres
across, but cultivated vari-
eties grow over 4 metres
high, with heads more than
half a metre wide.

In addition to cultivating sunflowers for
snacks and birdseed, farmers in some
parts of the world produce sunflower oil
for use in cooking and soap making.
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Cross section of a flower head
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The tiny central flowers
have petals fused into
a five-toothed tube.
Stamens mature first,
followed by the carpel.

ffi--- Stamen
.. :: fff t: .,
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Functional ovary

Edge flowers have five
petals fused into a single
large ray. Ray flowers
cannot produce seeds.

How sunflowers bloom

The hundreds of individual flowers in
a surflower head do not bloom all at
once. First the leaflike bracts spread
out (1). Then ray flowers at the edge
begin blooming one by one, in order
(2 and 3). When ail the rav flowers
have bloomed and can attract insect
pollinators with their bright yellow
colour, the brownish central flowers
begin blooming in a spiral pattern
(4), startingfrom the outer edge and
working round and inward (5).



What makes dandelion seeds fly?
The tiny flytrrg parasols we call dandelion seeds
are actually fruits. The feathery hairs that make
up the parasol grow atthe basebfthe flower, just
above the ovary. In fact, the dandelion consists
of a large number of tiny flowers, each with five
petals fused into a single straplike petal. After a
flower is pollinated, this petal falls off, and a thin
stalk grows between the hairs and the dry fruit
produied by the ovary. A puff of wind sets the
seed sailing. The large surface area of the circle
of hairs catches the wind, carrying the seed far
from the parent plant.
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Airborne seeds

When the fruit is fully mature, a puff
of wind pulls it away from the seed
head, and wind pressure on the light
circle of hairs, called a pappus, Iifbs the
fruit through the air. The fruit hangs
from its pappus until it settles to the
ground. Then the pappus breaks off
and the seed sinks into the ground,
aided by tiny spines.

The dandelion flower

Like other members of the sunflower
family, a dandelion flower head con-
tains hundreds of tiny flowers. Rings
of overlapping leaflike bracts protect
the flower head as the fruits mature.

Dandelion flower
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Fruits carried by the wind
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The black pine has wi

Straplike petal

Fruits with wings

Japanese pampas grass

Solidago

Linden seeds parachute while hanging from leaves.
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How do bur marigolds spread?
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The fruits of bw marigolds and many other plants
specialize in hitching rides with passing animals.
Sticking to the animals' fur like Velcro fasteners,
the seeds mayfinallyfall offkilometres awayfrom
the parent plant. In fact, to spread successfully,
seeds must sprout away from the parent plant.
Some seeds travel inside animals-the animal eats
fruit and later deposits the seeds in droppings-
or through the air, borne by wind. Sticky mud or
a slime produced by the fruit itself helps other
seeds cling to passers-by.
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A bur marigold's fruit, also
known as a beggar-tick,
bears two barbed horns
(aboue). Barbs also cover the
surface of the fruit, making
sure it will stick and stay.
Like all members of the bur
marigold family, the flower
head consists of many small
flowers. The single ovary in
each flower produces one
fruit with one seed.

A l-metre bur marigold Clinging beggar-ticks
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Seeds carried by animals

Seeds can stick to the outside of animals in a variety
of ways. Water birds can carry seeds in mud stuck to
their feet. Other seeds have hooks or barbs that cling
to furry coats, or stick with a gluelike slime.

Fruits with hooks

Cocklebur fruits look
a little like tiny, spiny
rugby balls.

Fruits with sticky slime

The flat tickseed fruit
can cling with a hook or
with manv fine spines.
As each fruit falls, a
hook is left behind on
the next fruit in line.

This member of the bur
marigold family is covered
with tiny hairs that pro-
duce a sticky slime.

IIook left behind

The bur marigold
clings to fur with
hooked, sticky
sepals.

Spiny bract

Sticky hair

This Adenocaulonhas
many sticky hairs near
the tip of the fruit.

Oplismenus grass
clings with long, sticky
whiskers, or awn.
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Naturalized plants

Humans have carried plants around the world both
accidentally and on purpose. In fact, most
cultivated plants and most weeds in the United
States come from afar.lf a plant thrives in its new
home, we say that it is naturalized. But success for
the plant may spell danger for native ecosystems.
Some oversuccessful plants include the pigweed,
naturalized in Japan from North America, and the
kudzu vine, brought to North America from Japan.

Pigweed Kudzu vine
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Why do some fruits pop open?
The fruits of some plants spread their seeds by
popping open suddenly. When the fruit pops, the
seeds go flying. Fruits can pop for a variety of
reasons. Some develop tension as they grow, like
a spring that is slowly coiled. Others dry in such
a way that the pod pops suddenly, spitting the
seeds out. In some fleshy fruits, water pressure
builds up inside until the skin splits, sprayingpulp
and seeds far and wide. The fruits called nuts
often just fall to the ground. But being round and
smooth, they may roll some distance. Squirrels
caffy some nuts to hiding places, where the seeds
pan later sprout.

In an impatiens fruit, the inside surface of each
carpel grows more slowly than the outside sur-
face. When it is mature, the slightest touch splits
the fruit as the carpels suddeniy curl up.

Impatiens
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The impatiens is a
small plant that
grows in damp
woods. Its complex
flowers develop into
five-sided fruits.

The five carpels of the
impatien s fr:,ttt (ub ou e\

have sprung apart, each
curling and flinging seeds,



More popping fruits

Some fruits pop because their inside and outside sur-
faces grow at different rates. Others pop because the in-
side and the outside of the mature fruit dry differently.
Sometimes dry fruits will swell in the rain or moist
weather. Some even build up so much water pressure
inside that they explode like water balloons.

Wood sorrel

&
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When seed coats shrink,
slimy seeds suddenly pop out.

Fruits that fall and roll

Heavy, round, and smooth, the fruits we call nuts merely
fall to the ground, where they may roll a short distance
from the tree. These trees seem to rely on the most
primitive force for seed scattering-gravity. But ani
mals also help to spread the large numbers of fruits
that the nut trees produce. Squirrels and other ani-
mals hoard the nuts for winter, placing some in holes
in trees and burying others. A few of the buried nuts
surrive the winter to sprout the next spring.

As the violet seed pod dries,
the sides squeeze together,
squirting out the seeds.

Cranesbill

Thin threads dry and
suddenly curl upward,
catapulting seeds away.
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A mere touch causes
carpels to curl suddenly. The
whole seed pod flies through
the air, scattering seeds.

Water pressure builds inside
a mature fruit. Suddenly
seeds spray out in a high-
pressure jet of sloppy puip.

Japanese oak

Chestnut



Why are fruits and nuts coloured?
When a bird lands on a branch to peck a bright
berry, it is attracted by the colour. Birds see red
easily but do not have a good sense of smell, so
fruits spread by birds are bright but not fragrant.
Afber eating the sweet, ripe fruit, the bird flies
away.Later the bird will deposit the seeds in its
droppings far from the parent plant.

Seeds need not be swallowed to be spread.
Mistletoe seeds stick to beaks and feathers. The

birds later scrape them off on different trees.
Fruits spread by mammals-many of which do

not see colours well-look dull but have a strong
smell. Fruit bats eat wild mangoes, which hang
far out on branches and have an intense smell.
This smell helps the night-flying bats locate their
food. The bats suck the fruit and spit out the seed.
Other fruits mayfall to the ground, where small
mammals find them by following their noses.
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The European rowan and the similar
North American mountain ash produce
Iarge bright red fruit, a favourite of many
birds, such as this Bohemian waxwing.

Colourful fruits

Fruit colours range from pale, waxy
yellow to royal red and dark purple. The
same chemicals that colour flowers give
colour to fruits: the pigment families
called carotenoids and anthocyanins.
Most fruit colours stand out against a
background of green leaves.
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Firethorn, or Pyracantha Spindle tree

Beautyberry Crowberry



Seeds carried by birds

Popping seed pods and seeds that fly may travel from
a few metres to more than a kilometre from the parent
plant. But seeds transported in the digestive system of
a bird can venture many kilometres-even hundreds of
kilometres in a migrating bird. The seeds survive in
the bird's system because of their smooth, tough coats.
Eventually the bird releases the seeds in droppings or
by throwing them up. The droppings may even act as
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Birds swallow rowan
fruits whole, then fly off.

fertilizer, helping the sprout to grow.
Birds and fruiting plants have evolved together. Some

birds have especially large beaks for swallowing small
fruits whole. Some plants have evolved with fruits that
have large seeds and little flesh, so birds will swallow
the fruits rather than just peck at them. Some seeds
cannot sprout until the bird's digestive system works
on the seed coat.

Fruits turn red in the
autumn before leaves turn.
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Pulp
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Rowan fruits have
thick pulp surrounding
several hard seeds.
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Seeds fall to the ground
along with droppings.

n mountain ash, or rowan, are spread

Young fruit remains
as green as the leaves.
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.r . ..- &t' Seeds land on the
ground, and they
usuallv sprout the next
spring. First, the seed
leaves show above the
ground. Later, true
leaves begin growing
from the stem.

Seeds carried by ants

In addition to birds and mammals, even
ants can play a role in spreading some
seeds, including those of the lily and the
violet, such as dogtooth violet seeds
(r"tglLt).Attracted by a fragrant oil, or
by a food-filled atbachment called an
aril, the ant picks up the seed to carry
it back to its nest. On the way, the seed
may fall off and eventually germinate.

Madder

Olive
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Can seeds sprout on the tree?
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Some seeds do not need to fall to the ground to
sprout-they germinate inside the fruit, right on
the tree. For instance, mangrove trees, which
grow in shallow water along tropical shorelines,
have seeds that would not be able to germinate
if the fiuit simply dropped off the parent tree. The
fruit would fall into the sea and float away on the
tide-or sink.

Instead, mangrove seeds develop inside the
fruit. They grow long roots and may even develop
leaves before they drop off the tree. When the
seeds finally fall, the roots may be long enough
to reach the muddy bottom. Some sprouts will
stick in the mud and take root where they fall.
Others will float some distance away until their
roots drag on the bottom.

The mangrove genus Kandplia of Southeast
Asia (l.efi) grows a single thick root up to 30
centimetres in length. When it has grown
large enough, the sprout falls off the fruit,
stabbing into the mud like a heaqr spear.

The mangrove family

Members of the mangrove family (and a few related
families) thrive on every continent with tropical
shores. Growing up to 30 metres tall, they stand
above the water on stiltlike roots. The roots grow
through the shallow water into the mud or sand
below. Because the tangle of roots catches sand and
floating debris, mangroves help to extend the land
farther into the ocean.

Mangroves carpet a saltwater beach.



Growth of a Kandelio seedling

Kardnli,a grows right at the water's edge. It blooms in
spring, producing flower heads with up to 10 flowers.
Afber pollination, the fruit ripens and the single seed

Seedlings that stick in the
muddy bottom take root.
Leaves sprout, and the
new tree begins to grow.

sprouts inside. Growing for nearly ayear, the seedling
produces a sharp, 30-centimetreJong root. Afber falling
and sticking in the mud, the tiny seedling sprouts leaves.

As the fruit ripens, a thick
root breaks through and
begins to lengthen. When
the seedling is mature, it
falls from the fruit and
drops into the water along
with its giant root.

Kand.elia seedlings fall
into the water, where
some will take root and
others will float away.



How do mistletoe seeds spread?
Birds spread mistletoe seeds the way they spread
seeds of other fruiting plants. But mistletoe has
a special need: Only seeds left on tree trunks or
branches can sprout. Because mistletoe sends its
specialized roots into the tissue of the host tree
to get water and minerals, its seeds cannot sprout
on the ground.

Occasionally a bird ieaves its droppings-along
with a few mistletoe seeds-in a tree. But birds
also stick seeds onto trees in another way. The
mistletoe fruit contains a very sticky sap. When
birds eat the fruit, seeds stick to their beaks.
Later, when they wipe off the sticky mess against
a tree branch, they deposit the seed right where
it can sprout best.

Host tree

Mistletoe ffi
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Mistletoe is a partially parasitic
evergreen that lives on most broad-leaved
trees. Although it grows slowly, a single
plant may completely surround a branch
and grow as big as a barrel.

Mistletoe shows up best in the autumn.

Spreading mistletoe seeds

Each mistletoe berry
thick, sticky pulp and

contains
a single seed.

Birds scrape off the sticky seeds
on a branch, or deposit seeds
along with droppings.



Rooting in a tree

When a mistletoe seed sprouts, the first
root ends in a sucker that attaches to the
bark of the host tree. A small rootlike
protuberance g:rows from the sucker,
slowly entering the branch of the host.
Eventually many other roots penetrate the
host, sucking up water and minerals.
Because mistletoe contains the green pig-
ment chlorophyll and makes its own food
like other green plants, botanists call it a
partial parasite.
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Mistletoe flowers

Mistletoe makes small separate male
and female flowers. Both sexes lack
petals, although they do have petal-like
yellowish sepals. In female flowers, the
stigma grows directly up from the
ovary. The pollen-bearing anthers grow
directly on the insides of the sepals.
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Female flower Male flower

The seed sprouts, sending up a
single root to stick to the host's
bark with a sucker.

The first year, the tiny seedling
makes only one pair of leaves.

Each year, the mistletoe plant
grows one new branch point and
new leaves.



Why is maize wrapped in silk?
The silky, threadlike tassels at the tip of an ear
of maize are the stigmas and styles. Each kernel
of maize-the ovary of a female flower-grows a

30-centimetreJong style with aiong sticky stigma
at the tip to catch pollen.

Maize plants grow male flowers at the top of
the tall stalk. When the female flowers mature,
their stigmas catch pollen blown in the wind. A
pollen grain that lands on a stigma must send a
pollen tube all the way down the thread to an
individual ovary on the cob. After fertilization, the
silk turns brownish. The husk, made up of a group
of tough, leaflike bracts, protects the fruit.
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A spike containing many female flowers grows
at the base of each leaf. The flowers form around
a stem called the cob.

Spikes of male flowers branch out
from the tip of the stalk. Every
male flower has three stamens,
each with a large anther.

Female flower spike
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Inside an ear of maize

Style

Bract

Ovary

The female flower

An individual female maize flower
has a single ovary wrapped by a pair
of leaflike bracts. From the ovary
grows a long style tipped with a
sticky stigma that catches pollen.

How maize is pollinated

Maize plants have separate male and female
flowers on each plant. The male flowers mature
a few days before the female flowers; thus they
will not pollinate female flowers on the same
plant. Once the male flowers have shed their
pollen and wilted, the female flowers mature.
Then the fruit, or maize kernel, develops.

Maize relies on wind to carry pollen from male
flowers to the female flowers of a different
plant. The tiny, round pollen grains weigh very
little. They also have smooth coats that help
them sail through the air.

Each ripe maize kernel is a complete fruit, a
grain like those of wheat or rice.
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What is a coconut?
The palm tree, Cocos nuc,ifera, produces fruits called coconuts,
each with a single seed. The coconut we see in the supermarket
consists of a hard shell, which is the inner part of the pericarp,
with a seed inside. The white meat inside the seed consists of
endosperm, which helps nourish the seedling after it sprouts.
Coconut milk, a sweet sap, fills a cavity in the endosperm.

When they first fall, coconut fruits look like green rugby balls,
complete with thick, tough coats. The trees grow near the shores
in the tropics, and waves may wash the 30-centimetre-long fruits
into the water. They can float for as long as four months before
washing up onshore and sprouting.

Structure of a coconut fruit

The coconut fruit is a dry, fibrous kind of drupe. A threeJayered
pericarp covers the seed. The inner layer is the hard sheil. then
comes a fibrous middle layer and a skin that protects the fruit
from salt water.

The coconut palm may have originated in
Southeast Asia or on the Pacffic coast of
South America. Coconuts float so far that
botanists have had a hard time tracing the
origins of this tree. Up to 36 leaves, 6 me-
tres long, crown the 30-metre-tall trunk,
and separate male and female flowers nes-
tle among the leaves. A single tree may
bear coconuts for as long as 80 years. 
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Pollen tube scars
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Tough, waterproof outer pericarp.
This layer starts out a pale green but
gradually turns brown.

Loose, fibrous middle pericarp. This
layer traps air, helping the fruit to float.

Inner pericarp. The hard shell of the
coconut comes from this layer. In
peaches and cherries, this pericarp
forms the stone.

Coconut meat comes from a part of
the seed called the endosperm. This
nourishes the sprouting seedling.

Coconut milk fills a space within the
endosperm. In young fruits it contains a
lot of sugar, making a delicious drink.

These coconuts are about to fall.



Are pine cones fruits?
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When pine cones and seeds
mature, the scales dry and
spread apart. A part of the seed
coat forms a wing, allowing the
seed to spiral away on the wind.

Pine cones do contain seeds, but the hard, scaly
cone does not grow from an ovary, so botanists
do not call it a fruit. The seeds of evergreen
trees-such as pines, firs, cedars, spruces, and
redwoods-have no ovary tissue surrounding
them, and therefore no fruits.

The scientific names for conifers and their
relatives, as well as for flowering plants, describe
their seeds. Conifers belong to the group called
g'ymnosperms, from the Greek for "naked" and
"seed". Flowering plants are all angiosperms,
from the Greek for "container" and "seed". The
container, or carpel, develops into the fruit.

Female pine cones actually consist of woody,
leaflike bracts, or scales, that protect the seeds.
Some gymnosperms make cones so small that they
look like berries or small fruits.

Wing

A seed that lands on the proper
soil will sprout. A root grows
first, followed by the seed leaves o r
and finally by true needles. i-""""i,
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Pollination in pines

Separate female and male flowers, or cones, grow on
each pine tree. Female flowers-each scale is like a
single flower on a spike-grow at the tips of new
branches, and male flower spikes grow at the base of
each branch. A male cone produces up to 10 million
pollen grains, blown on the wind. When pollen falls on
a female cone, it pollinates eggs at the base of each
scale. But a ye r may pass before the pollen fertilizes
the eggs and they begin to develop into winged seeds.

Cones of different species

llimalayan cedar
cone
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Japanese cypress

cone
Japanese larch

cone
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Banks'pine cone Cryptomeria cone

B9



Can plants reproduce without seeds?
Many plants can reproduce without making
flowers and seeds, including certain seed plants
that can reproduce in both ways. In some cases,
a tiny new plant just grows from some part of the
parentplant. Some species sprout new members
from leaves, others from stems that grow along
the ground. Still others make special underground
stems or bulbs that can grow into new plants.

A plant can reproduce without seeds because
some of the plant's cells remain unspecialized.
Under the right circumstances, these "plain" cells
can begin to divide. Their daughter cells can then
develop into all of the specialized cells needed to
form a complete plant.

No matter how plants reproduce without seeds,
all the offspring will have exactly the same genes
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Stonecrop, or Sedum, originally came
from Asia. Now it thrives throughout
the United States and Europe and is a
popular plant for rock gardens.

as the parent. This process, called vegetative
reproduction, saves the energy used to make
flowers and seeds and gives the sprout nutrition
from the parent. But it has some disadvantages.
Vegetative sprouts cannot spread very
far from the parent plant. And,
because they are all iden-
tical, they may not
survive changes
in the envi-
ronment. .ihu*#f'

t.usd'

.'tthd

Buds become new plants

Some species in the stonecrop family grow tiny
plants on the edges of their scalloped leaves. After
the sprouts have grown tiny leaves and roots, they
fall to the ground, sometimes travelling a little in the
wind. Each new plant will be genetically identical to
the parent.
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Spreading on the surface

Many plants grow thin stems, called runners, that
flop down along the ground' Where the stem touches

the ground, it may take root and sprout leaves.
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Strawberries spread bY
sending runners along the
ground, forming new Plants.

Spreading underground

Some plants spread underground. Onionlike bulbs
store food and grow tiny new bulbs on their surfaces.
Underground stems, called rhizomes and tubers, and
swollen stalks growing just underground, called
corms, can all produce new plants.

Corm 1

Potato plants store food in
' swollen underground stems

called tubers. Tiny plants,
or eyes, sprout from the
surface of the tuber.
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Tulips grow from bulbs, a sort of
underground bud. Fleshy leaves
surround the bud. Br-rlbs often
split or bud off smaller bulbs.

This lily variety grows
tiny buds at the tips of its
leaves. Each bud can grow
into a complete plant.

Yams grow small buds
along their stems. Each
bud can sprout roots and
leaves, developing into a
complete plant.

Another lily variety
g:rows tiny bulbs at the
bases of its leaves. Each
minibulb can become a
complete plant.

Shoot growing from eye
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Potato tuber

Bamboo and other
gr:asses spread rapidly
with underground stems
known as rhizomes.

Gladiolus plants grow from
thickened underground stems
called corms. New corms may
bud off the surface.
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Rhizome
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Plants
without
flowers

The nonflowering plants make up a small but
important group that has traditionally included
fungi and blue-green algae, although both are now
considered by scientists not to be plants at all,
but to belong to their own respective kingdoms.
Nonflowering plants are not as complex as their
flowering counterparts, and usually lack the
specialized roots, stems, and leaves of higher
plants. Many of them also lack chlorophyll and do
not go through photosynthesis. Without a way to
manufacture food, they live off other plants and
animals as parasites, absorbing nutrients from the
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bodies of their hosts.
What sets these organisms even further apart

is the way they propagate. They reproduce by
spores instead of seeds, in a process known as

alternation of generations (pages 94-95). Non-
flowering plants have played an important role
in the evolution of life. About 3.5 billion vears ago,
with the emergence of the simplest life forms on
Earth, the atmosphere consisted mainly of carbon
dioxide. The atmosphere changed some 500,000
years later when the slightly more evolved blue-
green algae appeared. The blue-green algae, Iike

later green plants would do, absorbed carbon
dioxide during photosynthesis and released
oxygen. As these organisms developed and
adapted to growth on land, nonflowering plants
such as ferns, mosses, and horsetails evolved. The
atmosphere filled with increasing amounts of
oxygen, setting the stage for the appearance of
oxygen-breathing animals.

Some easily recognized nonflowering plants include
mosses (u,pper Lefi),liverworts (upper rigltt), and the
mushrooms and toadstools, both fungl (below).



How are spores different from seeds?
In flowering plants, pollen combines with an ovule
within the flower to produce a seed. When the seed
germinates, it grows into a plant like the one that
created it. But fungi and the nonflowering plants,
which include mosses, ferns, and algae, reproduce
in different ways.

These organisms begin life as sporophytes,
plants that produce asexual spores, which are
similar to seeds but contain only half the genetic
information of a seed. When these spores germi-
nate, they produce a new generation of individuals
called gametophy'tes. The gametophybes produce
the gametes, or reproductive cells, which are
either male or female. When a male and a female
gamete join in a body of water, they produce a fer-
tilized egg, called azygote. The zygote germinates
into a sporophyte, which begins the process-
called alternation of generations-all over again.

Spore case

W

Seed plants. Peas
reproduce by seeds in
sexual reproduction.

Sporophyte

Spore bearers.
Horsetails produce
alternate generations.
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From spores to seeds

The evolution of plants on Earth
began with one-celled micro-
organisms, which appeared in
the seas in the Precambrian era
some 3.5 billion years ago. From
those simple aquatic organisms
evolved the first generation of
terrestrial plants. These newly
Iand-bound plants reproduced by
spores in a process that still re-
quired water. Some 400 million
years ago the mechanism by
which they reproduced slowly
changed, enabling them to
spread across dry land. From
these, seed plants evolved.

This fossilized cedar tree seed
dates back to the Carboniferous
period of the Palaeozoic era,
some 350 million years ago.
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Spore-producing plants

Botanists estimate that there
are about 450,000 species of
plants on Earth. Of those,
some 125,000 reproduce by
seeds, while the rest propa-
gate by spores. AII spore-
bearing organisms are non-
flowering, including ferns,
mosses, algae, and fungi.

Moss

.'vi;

Fern spores Moss spores

Alga Fungus

Algal spores
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Spore case

'!
,i:.i;..,:l

_,:lt::.: .:"{:{,: ,:-:;:;1

*q;':i';;f
fiffii;';ft*--;ilt.q;r"

'.'"'.-,.'..
ir:

Sporophlte

Gametophyte

Diploid spores divide to form fbur
hapioid cells with one representa-
tive of each chromosome.

Seeds are self-contained, possess-
ing all necessary genetic and
nutritive material for germination.

Growth.of the plant
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Haploid cells ger-
minate into male and
female gametophytes.

Germination of
spores

Germination of
seeds

Horsetail gametes
fuse to grow into a
sporophy'te.

Horsetails make
spores that start
the cycle anew.

Grorth of the
gametophyte

Fertilization and
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When a seed germinates, it grows
into a plant like the one that
produced it.

Flowers emerge and bloom; then
pollen fertilizes the egg, causing
new seeds to develop.



How can fungr get food?
{ungi are a group of spore-producing organisms
that cannot produce food through photosynthesis,
as green plants do. Rather, they live as parasites,
growing on plants and animals and absorbing
nutrients from them. Some also thrive on decalr-
ing plant and animal remains; these organisms
are known as saprophytes. A common type of
saprophytic fungus is the mushroom, whith can
be found on dead trees and fallen leaves.

Botanists speculate that there are some
70,000 species of fungi, which are classified as
two groups: Eumycetes and Myxomycetes.

Feeding on foods

Mould is the collective term given to fungi that are
not mushrooms. These organisms grow on and get
their nutrition from such foods as fruits, vegetJbles,
and_grains. By secreting an enzyrne, they bieak the
food dow.n into simple organic moleculejthat they
can readily absorb. And as they consume these
nutrients, the moulds grow larger by extending
branched filaments.

Piff"^."1! types of mould secrete various enzymes,
each of which works best on a specific food. Fruits 

'

and vegetables, for example, are good hosts for
cobweb moulds and fur moulds, while foods such as
bread, which are rich in carbohydrates, are favoured
by the aspergillus mould.

Fungi such as the cobweb mould
(rtSllt) are spore-bearing organ-
isms that alternate generations.
Spores disseminate to produce
mycelia of different sexual
strains, denoted as + or -, which
fuse to develop a zygospore that
then produces a spore body.

OA

: :

Eumycetes encompass the true fungr: the
mushrooms, truffles, rusts, powderymildews, and
bread moulds. Their immobile bodies consist of
branched filaments called hyphae. The Myxo-
mycetes, or slime moulds, spend part of their
lives as amoeba-like organisms called plasmodia.
These organisms slide over decaying matter in
search of bacteria and organic particles to feed
on. Because they can move in search of food,
Myxomycetes are sometimes said to be animals,
put _the-y also have a stationary plantlike stage
in which they produce spores.

Cobweb mould



Fungi that feed on bacteria

Slime moulds are a special type of
fungi. They begin as slimy, jellylike cells
called plasmodia that slowly crawl along
decaying matter, such as rotting trees
and leaves, and ingest any bacteria,
protozoa, and organic substances they
encounter. Once they grow to maturity,
they become immobile and grow spore
cases, which produce and release male
and female spores. When the spores
germinate, they produce amoeba-like
cells called swarm cells. These fuse
in pairs to form a zygote, or fertilized
egg, that develops into a plasmodium.
All fungi that exist as plasmodia are
referred to as myxomycetes.

A plasmodium cell contains
a full complement of genetic
material, an amount denoted
by scientists as 22. When the
cell matures and releases
spores, each spore has only
half the genetic material,
represented by n.

Spore case

A plasmodium encountering
a bacterium surrounds and
engulfs it. Once inside, the
bacterium is digested by
special enzymes.

2nmvxamoeba DmYxamoeba
- - ' - 

-; or swarm cellor swarm cell

Stalk of spore fruit
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Fungi that live off insects

A number of fungus species have
evolved so that they can live off
insects. The cicada fungus, for ex-
ample, lives on cicada larvae. When
a larva dies, the fungus obtains nutri-
tion from its body and sends growths
above ground. These grou'ths, called
spore fruits, contain structures called
perithecia. These are divided into
chambers called asci, within each of
which reside eight spores.

Great numbers of perithecia can
be found on each spore fruit.

Spore fruit

-5-
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How do mushrooms grow?
A mushroom is the fruitingbody, or sporophore,
that grows from certain types of fungi. The struc-
ture arises from a bulbous growth at the base,
called a volva, and extends in a stalklike trunk,
or stem, to end in an umbrella-like pileus, or cap.
The point at which the top of the cap breaks free
is called the annulus, or ring. Underneath the cap,
rad.iating outward from the centre, are a series
of ridges known as gills, on which spores form.
When the spores fall from the gills, they disperse
in the wind and eventually take root to form new
fungr and mushrooms.

This Amanifa mushroom
is a beauti{ul but poisonous
sporophore that grows in
open woods. Poisonous
mushrooms such as this are
commonly called toadstools.

A variety of mushrooms

There are many different kinds of fungi, but only two groups,
Basidiomycetes and Ascomycetes, form conspicuous fruiting bodies.
Mushrooms and toadstools, with their distinctive stems and umbrella-like
caps, are Basidiomycetes. Truffles and cup fungi are Ascomycetes. Shown
at near right are an Ascomycete (cup fungus) and two Basidiomycetes: the
jew's ear (a jelly fungus) and earthstar (puffball) mushrooms.

Ring ----- -4_.

Stem

Cup fungus

9B



Life cycle of a mushroom

A mushroom produces spores in structures called
basidia, located on the gills underneath the mushroom's
cap. Each spore can be one of two sexes, shown as + or
-. When a spore of either sex falls from a mushroom
and lands on rotting matter-such as a fallen tree or
decaving leaves-it germinates and grows into a chain of
cells called a primary mycelium. When primary mycelia

generated by + and - spores meet, they conjugate,
or bond together, forming a secondary mycelium.

Feeding on nutrients from the decaying matter, the
secondary mycelium forms a small cluster of mycelia
known as a volva, which gradually develops into a
mushroom. The newly sprouted mushroom forms its
own spores, and the process begins anew.

Underneath the
cap, the gills bear
the basidia and
the spores.

Most mushroom-
sprouting fungi feed off
dead plant matter, such
as rotting trees, fallen
leaves, and withered
grass. Some, however,
grow on live plants, and
others thrive on nutrient-
rich animal droppings.

strains
tem- form a

growsumidity

I a

When the spores
germinate, they form
primary mycelia.

Primary mycelia of
different sexes fuse
to form a secondary
mvcelium.

When the spores ripen, a typical
mushroom expels about 10 million
spores,per h.our for several days from
the basidia of the mushroom's gills.

Secondary mycelium division

A secondary mycelium cell splits by ex-
tending an arm into which the two nuclei,
from the + and - mycelia, divide.

xI
Earthstar
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What is a diatom?
Diatoms are tiny one-celled organisms that live
in water. Like larger green plants, they contain
chlorophyll, which they use to convert sunlight
into energy through the process of photoslmthesis.
These organisms are an essential part of the world's
food chain, for they are consumed by marine life,
small and large, including the largest whales in
the world.

A diatom secretes a hard substance that forms

a surrounding shell, protecting its single, soft cell.
The shell consists of top and bottom halves, with
the top fitting like a lid over the bottom. The shells
are coated with delicately sculptured glasslike
silica. The patterns fall into one of two categories:
radial, in which the pattern moves s;rmmetrically
outward from the centre; and pinnate, in which
the pattern forms two mirror images separated
by a central axis.

Diatoms lie encased in shells
that are unique to each species.

Structure of a diatom

The coscinodiscus diatom has a
radial-pattern shell and ranges in
size from 0.5 to 2.5 millimetres.

Radial pattern
Shell surface
Upper shell

The lens diatom's pinnate
pattern is often used to
test microscope lenses.

Line pattern

Yertical axis

Shell surface

Upper shell

Lower shell

Upper shell

Lower shell

Band
surface

Band
surface

Lower shell

Upper shell

Lower shell
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Diatom reproduction

Diatoms have an unusual pattern of reproduction. The
process begins as a diatom cell divides in two, and the
top and bottom shells split. Each new cell takes one of
the shells to use as its top and then grows a new
bottom. This results in two new diatoms, one the same
size as the original-the one from the top shell of the

Cell division

parent-and one smaller-the one from the bottom
shell. Over the course of successive divisions, the shells
will eventually become too small to.divide in this way.
When this happens, two tiny diatoms fuse together to
form a new, larger diatom, which can then reproduce
by dividing, as before.

Partition appears
in centre.

Cells divide across Each cell takes
the middle. half the original

shell and forms a
new shell bottom.

m̂
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'4. " ^
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Cells combine.

lm4 ffiu
-4"ffim

Cell fusion

The auxospore
forms a new,
larger shell.

The newly combined cell
is called the auxospore.

Diatom species

Cymbella Synedra Tabellaria
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How do algae reproduce?
Algae is the collective name given to aquatic plants
that lack specialized body parts, such as roots,
stems, and leaves. Algae range in size from
microscopic diatoms (pages 100-101)to S0-metre-
long blades of kelp. They grow in virtually all the
world's seas, making their home in both salt and
fresh water from tropical to polar latitudes. All
algae contain chlorophyll and produce food
through photosynthesis.

Algae reproduce by several means. Whereas

Reproduction of algae

unicellular algae go through simple cell division,
multicellular species propagate by spores and
gametes through alternation of generations
(pages 9+-95), in which the two different gen-
erations appear identical. This is the simplest
form of sexual reproduction and is known as
isomorphism. However in a few species, most no-
tably kelp, there is a dramatic difference between
the sporophyte and gametophyte generations-
a phenomenon known as heteromorphism.

Sea lettuce

In a subtle alternation, the Uua perhtssa algae
produce sporophyte and gametophy'be generations
that look alike.

Male and female gametes
from the gametophyte join
to produce azygote.

A zygote will germi
nate and grow into a
sporoph5,'te as soon
as it adheres to a
rock or other stable
foundation.

:&iI

Surface of the gametophyte

;ia4qPf i ' 
_

@'"*ao{.ff
Female
gametophyte

Spores from the sporophyte

Like algal gametes, algal
spores will germinate only if
attached to something solid.



Alternation

Algae alternate between
sexual generations-in
ufiich male and female
gametes fuse to produce
a fertilized egg-and
asexual generations-in
which sporophytes pro-
duce spores. These are
also known respectively
as the n andZn
generations.

Sporophyte

Gametophyte
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Gamete

Cutleria cylindrica

The life cycle of kelp

Germination
of spores

Male and female
gametes form zygotes.

Zygotes adhere to solid sur-
faces and become sporophy'tes.

n ic Sporophyte

{i"liLJ/
/,- i

Spore case

Spores grow into
gametophvtes.

Fertilized oYa gnow
into sporophl'tes.

Female
game

Spores germinate and
grow into male and
female gamelophy'tes.

The gametophyte
produces gametes.

Male gametes, or
sperm, fertilize female
gametes, or ova.

The alternation of kelp
generations proceeds with
the sporophyte growing
larger than the gametophS,.te,
as opposed to the process in
Cutleria cy Lindrica. The
iarge blades of kelp that
are commonly recognized as
seaweed are actually the
sporophS.'te generation; the
gametophy'tes consist of only
a few nuclei.

Io]\_*_/
Zygote

@ Sporophyte
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il

(

J
Cross section of the
sporophyte

In the case of Cutleriu

,@)Iba*ate.egt .&
l*\S7 Division ffi\
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w@ ffiffi\::7 W

Sporophytes grow spores
in small spore cases.

Young sporophyte
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Do seaweeds undergo photosynthesis?
Seaweed is the name for algae that live in sea
water. Like most land plants, seaweeds create
energy through photosSmthesis. The ra
als for this process are readily avai
is absorbed directly into the seaweei
the carbon dioxide that is dissolved
The sun's rays that penetrate the ft,fr
provide enough liglt to catalyse tii"*i:6ffit{ffi.

Seaweed's watery environment adds an unusual
aspect to photosyrrthesis. When sunlight passes
through air, all seven of its component colours-
red, orange, yellow, green, blue, indigo, and
violet-travel in unison. But in water, some com-
ponents pass through more easily than others. For
this reason, many seaweeds have evolved with
"auxiliary pigments" (oppos'ite) that aid in the
absorption of specific components of sunlight,
making photosynthesis more efficient.

Anatomy of a seaweed

Seaweeds are simple plants.
They lack the highly dif-
ferentiated roots, stems, and
leaves of their land-rooted
counterparts, as well as the
complex system of vascular
bundles through which
nutrients flow. While con-
ventional plants absorb
nutrients through their
roots, seaweeds absorb them
through their entire bodies.

Trophophylls are the
tendrils that extend from
a blade of seaweed.

Sporophylls contain
weed's reproductive organs.

A seaweed's base anchors
the plant to a rock or other
solid obiect on the seafloor.

The Undarid pinnatifida
seaweed shown at right is a
type of brown algae that can
grow over 2 metres long.
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Photosynthesis

Photosynthesis under the sea

Plants that live on land undergo
photosynthesis to convert water,
carbon dioxide, and sunlight into

Photosynthetie producfs

The role of pigments

Besides chlorophyll, which all green
plants possess, many algae have aux-
iliarypigments that aid in the absorp-

starch. But in seaweed, photosyrr-
thesis creates a number of addi-
tional nutrients (belout).

tion of various colours of light. All
algae belong to one of three major
groups, according to their pigments.

, Enteromorpha linza

Brown algae

;t:

l{

,,:! , i'qib

Green algae contain
mostly chlorophyll a
and b, pigments that
absorb red and orange
light well and give the
algae a green tint.

Brown algae, such as
sea fans, get their col-
our from an auxiliary
pigment, fucoxan-
thin, which absorbs
green light well.

Red algae owe their
colour to an auxiliary
pigment called
phycoerythrin. This
pigment makes red
algae excellent ab-
sorbers of blue and
violet light.

n

Thick-haired
Codium

r tand that yer:rl
the water levelr:'

is splashed at high tide.
.::High:tide linel The,:po.int
,,.,:lirhefe the sea,,rheetS'.land at

high tide.
Low-tide line: The point
where the sea meets land at
low tide.
Intertidal zone: Land be-
tween high- and low-tide lines.
Sublittoral zone: The area
between the low-tide line
and deepest ocean.

Scinaia latifrons
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What are lichens?
Lichens are unusual dual organisms that consist
of algae living together with fungi. This arrange-
ment is known as mutualism, a type of symbiosis
in which two species help each other to survive.
In the case of lichens, the algae provide fungi with
nowishment generated through photos;mthesis,
while the fungi provide water and protection from
harsh environmental conditions for the algae.
Together, they are stronger than either would be
separately; the relationship allows lichens to
flourish at extremes of temperature and humidity

thatwould prohibit an alga orfungusfrom living
alone.

There are approximately 15,000 different
types of lichens, composed of varying fungi and
algae. Most of the algae are of the blue-green
variety, and the vast majority of the fungi are
Ascomycetes sac fungr (puges 98-99). They can
combine to create wildly varied lichens. Some at-
tach themselves solidly to rocks and tree trunks
and spread outward, some grow upward, and still
others dangle loosely from the limbs of trees.

l{

Lichens have three struc-
tural layers: the cortex, a
layer of hard fungus cells;
the gonidium layer, mainly
algae; and the pith, where
much of the reproduction
takes place. Some lichens
also have a lower cortex.

Lichens reproduce in
two ways. In asexual
reproduction, cell buds,
or soredia, extend from
the original growth and
break loose. For sexual
reproduction, a fruiting
body called an ascocarp
produces spores.

Rhizocarpon lichen adheres
to rocks at high altitudes.

Cross section of a lichen

oo r-r-rD-DT]DOEt-]

Gonidium and pith layers surround green
algal cells; rhizoids anchor the plant.

Cross section of the ascocarp

is Ascus

Gonidium
layer

Receptacle

Lichens with fungi that go
through sexual reproduction grow
fouiting bodies called ascocarps
that contain many spores.

]- Lor"".
cortex

Rhizoid

cctitr nr]f]L]l:]

Wartlike, or crustaceous, lichens
grow on rocks and trees in scablike
patterns. They anchor tenaciously
to their hosts and are difficult to
pry loose. The Rh,izocarpon below is
a tl'pical crustaceous lichen.



Arborescent lichens

A number of lichens, called arborescent lichens, either
grow upright like trees or hang from tree branches.

The old-man's-beard lichen (aboa e)

adheres to the bark of needle-leaf
trees in coniferous forests.

The shield lichen (ri,gLLt)

adheres to pine and plum trees.

Thallus lichens (tl,Sht) adhere to
rocks and tree bark. They have flat
bodies that look like leaves, with
their surface appearing distinctly
different from their underside.

Cortex

Gonidium layer

Pith layer
Axis

Lichens are the first to grow on lava.

Pioneers of the plant kingdom

When lichens anchor themselves to rocks,
they secrete a chemical that turns the
rock's surface into a thin, muddy layer on
which other types of plants can take root.
Because of this chemical, lichens can turn
a rocky, barren area-such as a lava field
after a volcanic eruption-into an area
that is soon teeming with new plant life.
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How do mosses
and ferns differ?
Although mosses and ferns are both spore-
producing plants that alternate generations, they
differ in two major ways. The first concerns the
dominant generation. In ferns by far the larger
generation-and the more commonly recognized

-is the sporophyte, with its long stem and leaflike
lobes. The gametophS,'te, however, is a tiny plant,
just over half a centimetre long, that is difficult
to spot. The opposite is true with the mosses, and
their close relatives, the liverworts, where the
gametophyte is dominant.

The other difference lies in the way the genera-
tions grow. With ferns, the sporophyte and
gametophybe generations are independent of each
other: Once the sporophyte can make its own food
the tiny gametophyte will die. But with mosses
and liverworts they are completely dependent:
The sporophy.te needs the gametophyte for its
nourishment.

Differences between mosses and ferns
Life cycle of a fern

Common bracken forms
dense growths in woods
and fields.

Gametophyte

Life cycle
of a liverwort

Cross section
of 

"tpol" o.. .,

Mosses Ferns

b!

Aspidium fern

Sporophyte generation
is dominant.
Grow in damp places.

Hair moss

Gametophyte generation
is dominant.
Grow in damp places.

b!

ao

Roots, stems, and leaves
are differentiated in some
but not in others.

Roots, stems, and leaves
are differentiated.

a Rhizoid
Rhizoid

Rhizoids anchor the plant.
They do not function as
true roots.

Roots absorb water and
nutrients and hold the
plant in place.

Root Rhizome

o
a

Even mosses with stems
do not have vascular
bundles.

Fern stems have vascular
bundles.

ao

o
Fl

Mosses absorb water
through entire blades.

Ferns absorb water
through stomata.
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, Antheridium, or
r male sex organ

The male gametoph),te
produces sperm.

In a separate
ase).ual reproduc-

Asexual {on (L,efll. budlike
gemma" gemmae oeverop

from the cupules
of male and female
plants to grow into
new organisms
identical to the
parent.

-"i ilIycelium

Sporophyte

Spore
case Asexuali -r ,. udDc ASeXUalr i. n - ) .l ir.i-,'- r gemma :r' ..
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Spores

gemma

Cross section of
female gametophyte Gametophyte

. Female
! r receptacle

nq 
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il

G

The spores grow into
heart-shaped gameto-
phytes called prothallia.
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Spore

The sperm swim
through the fluid-filled
bract to the ova.

Cross section of cupule

'Mycelium

Gametophl'te

Archegonium, or
female sex organ

s .- Rhizoid
The archegonium and
antheridium grow from
the gametophy'te.

Germination

When sperrn meet oYa in the arche-
gonium, they conjugate and form a
zygote that grows into a sporophfie.

. Si' '", . Sporangia. or spore
':1. 'rr; L<- cases. appear on Lhe backs

", '\ of lea-flike fern lobes.

The spore cases are initially
covered by curled-over lobe
edges. When they burst open,
spores fly out in all directions. -. /\r(fj #

Spores
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Young germinat-
ing sporophyte
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The fertilized olrrm
grows into a sporophvte.

Sperm from the an-
theridium swim to the
archegonium.
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The liverwort's sporophy'les
develop under the umbrella of
the female gametophy'te (top).

Spore case
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Astonishing
adapters

On the snowy slopes of Mount Cook in New
Zea)and, a tiny plant called the mountain crowfoot
weathers the coldby manufacturingits own anti-
freeze.In the Artzonadesert in the United States,
meanwhile, the opuntia cactus can reach internal
temperatures of over 62' Celsius with no ill effects.

These hearty survivors are prime examples of
adaptation, the alteration, over generations, of
an organism that allows it to become better suited
to its environment, no matter how harsh the con-
ditions may be. As a plant adapts to an environ-
ment, it must adjust to climatic variables such as



temperature and moisture, as well as to biological
stresses such as those brought on by predators.

Earth's history of environmental change is
reflected not only in the adaptations of individual
species of plants but also in the patterns of plant
life worldwide. Drifting continents and ice ages
have broadened the reach of some species-
notably the miniature plants that grow on high
mountains-and isolated others, such as the
eucalyptus, which grows mainly in Australia.

Plants adapt to nature, but they also foster and
sustain its delicate balance. As the source of the

world's oxygen, they are the cornerstone of life
on the planet. This chapter explores the mar-
vellous and varied ways in which plants have
evolved through the ages, as well as the role they
play in maintaining Earth's equilibrium.

Examples of species that have adapted successfully,
the stone plant (aboue, Lefi) camouflages itself, and
the saguaro cactus (uboue) frightens off predators
with its hard, spiny looks. Below, soil animals, fungi,
and bacteria feed on the remains of dead plants, con-
verting the matter into fertilizer.
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Why does a cactus have spines?
Hundreds of centuries ago, when deserts first
started to spread across what is now the south-
western United States, the region's plants-until
then accustomed to amoist, tropical environment

-were threatened with extinction. Those that
snrvived evolved with some amaztng mechanisms
for dealing with the punishingheat and drought.

The most successful of these adaptations were
made by the ancestor of the modern cactus, a
small, leafy tree. Plants lose water through their
leaves, and the small tree's leaves over time
became instead a network of spines (below) that
shaded it from the sun, like a lattice screen. Water
from desert fog or dew collected on the spines and

trickled down to the plant's roots.
Leaves transformed into spines was only one

ofthe cactus's adaptations. The cactus developed
with iong, shallow roots that soak up water over
a large area, thus enabling it to catch rain from
rare cloudbursts. The cactus also acquired spongy
tissue in its stem for storing the collected water.
In addition, many cacti evolved with accordion-
like ribs that allow their stems to expand when
full of water and shrinkwhendry. Today, the stem
of the largest cactus-the 5.4-metric-ton saguaro

-holds aimost a metric ton of water, which swells
its diameter by 30 centimetres. Other water-
saving tactics are shown at right and below.
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Air-conditioned armour

The quill-shaped spines of a cactus (rigltt
and below) are specially adapted leaves
that protect the plant from would-be
predators-and keep it cool as well. Like
small sunshades, the tufted spines scatter
and reflect solar light, lowering the
plant's surface temperature by as much
as 11o Celsius. The spines also trap an
insulating layer of cooler air around the
cactus that reduces heat absorption.

Cactus categories

Most cacti-there are 1,500 species-belong to one of two groups. The
branched category includes jointed cacti, such as prickly pears, which
have segmented stems with many parts. The globular/columnar category
includes the barrel cactus (below, Left) and other cacti with ball-shaped
stems, as well as the stately saguaro (centre) and the hairy old-man
cactus (be\ow, rioltt).

A cactus's stomata-
surface pores used for
"breathing" -close during
the heat of the day, thus
saving water.

Like a tiny pincushion, the areola
surrounds the spines, bristles, and
hairs that grow from it.

The thick epidermis, or skin, has a
waxy coating known as a cuticle,
which prevents water loss.

The stem hoards water in its fleshy,
spongy tissue; it also manufactures food
for the cactus through photosymthesis.

Yascular bundles-tubular pathways
running from the roots to the areolae

-carry water and minerals through
the cactus stem.

\ \l

i, \3i r", \
I 

",i 
.;' \

--- I / 
-.'-.''

17'
t' ;I /'

Spines grow from an areola.

Evolution of cactus species

Early in their evolution, most
cacti shed their leaves (below) in
favour of heat-reflecting spines.
Today's most advanced species
have balloonlike stems with
horny skins (bottom).

Primitive cactus

Advanced cactusSaguaro cactus Old-man cactusBarrel cactus
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What are living stones?
Hidden amid rock-strewn tablelands near Cape
Town, South Africa, are millions of Litltops-
pebblelike plants that are often called living
stones, or stone plants. Like the twig-shaped in-
sect known as the stick insect, a stone plant
bears an eerie resemblance to its surroundings.
Most of the plant lies buried in the earth, but the
tops of its exposed twin leaves are shaped and
mottled like granite rocks, so the plant is easily
overlooked by herbivores in search of food.

The stone plant's make-up brings otherbenefits,
too. Its underground dwelling place minimizes
water loss by shielding the plant from the sun and

drying winds. In addition, its camouflage colour-
ing screens out direct sunlight: Dark markings
on the leaves block incoming radiation, while
semitransparent regions called windows admit
solar energy to the buried plant. In this way,
photosynthesis takes place while the plant avoids
overexposure to the searing African sun.

New leaves grow each rainy season, when the
stone plant's shallow roots sop up water from
the flooded topsoil and transfer it to the spongy
mesophyll for long-term storage (ri,glLt). As the
old grou,th withers aw ay, a single white or yellow
bloom pushes up between the new leaves.
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Inside a living stone

Two succulent leaves form the main body of a
stone plant. The plant's anatomy, diagrammed
below, reflects its successful adaptation to a dry
environment populated by thirsty plant eaters.

Cross section of a stone plant

Daisies from stones

Seasonal rains spur the growth
of a bud between the stone
plant's leaves. The bud later
blooms into a daisylike flower.

Camouflaged
leaf surface

Mesophyll for
water storage

Bud with
dormant flower

Vein for water and
nutrient supply

Shallow roots
that collect
rainwater

Plants that let the sunshine in

F sn estr aria-the window-leaf
plant-projects only the tips of its
tubular leaves above the rocky soil.
A transparent window on each leaf
end allows sunlight into the plant's

juicy interior, where photosynthetic
cells use the energy to make food.
Fellestraria is a close cousin of the
stone plant; both inhabit the same
arid region of Afrjca. 
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Why are baobabs sb-.big?
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One of the strangest plants in the world g'r'ows
on the hot, dry savannas of Africa and Australia.
It is the baobab (ri,gltt), a barrel-shaped tree
topped by a tangle of branches that are leafless
except during the rainy season. The tallest
baobabs reach a height of 23 metres, yet their
diameter can range up to 26 metres.

The monstrous girth of the baobab, which allows
the trunk to serve as a water reservoir, helps it
to survive. When it rains, the tree's corky tissues
absorb water like a sponge, filling the partly
hollow trunk with water. The baobab uses its
water slowly and sparingly, so it grows very
slowly. Some baobabs live to be 5,000 years old.
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A baobab flower

The bounty of the baobab

Following the summer rains, the homely baobab
enjoys a brief season of beauty. White blooms
and velvety fr-its (ahne) appear side by side on
the tree's branches, which suddenly flourish
with glossy leaves. The sweet-smelling flowers,
12.5 to 18 centimetres across, dangle upside
down from willowy stalks. The mature fruits-
about the length of a large banana and three
times as wide-contain a seedy pulp that tastes
like gingerbread; when dried and mixed with
water, the pr-rlp produces a refreshing "baobab
lemonade". The seeds, fruits, and leaves can be
eaten by people and animals. Fibres from the
tree's thick bark make excellent fishnets, twine,
and rough sacking for bags and coarse clothing.

A tourist inspects a 3,000-year-old baobab tree rn
western Australia. The tree, wider than it is tall,
is one of several ancient baobabs growing in a
preserve on the Kimberleys Plateau. Baobab trees
are a protected species throughout Australia.

A leafless bottle tree heralds the coming dry
season. A streamlined relative of the chunky
baobab, the bottle tree sheds its leaves at the
first sign of drought. The trunk-up to 18 metres
across at the base-tapers slightly at the crown,
grying the tree its distinctive cola-bottle shape.

A baobab fruit
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Where does eucalyptus grow?
Today, eucalyptus trees prosper in woodlands
from Spain to India, along the west and east
coasts of the United States, and even in the dry
reaches of South Africa. As recently as 1800,

however, the trees could be found only in New
Guinea, Australia, and Tasmania.

Eucalyptus trees were isolated on these three
landmasses, some scientists believe, by events
that occurred early in Earth's history. According
to the theory of continental drift, the world's
continents were once part of a single land-
mass, known as Pangaea (opposite). Then, about
200 million years ago, forces deep within the
planet began to break the supercontinent apart.
Australia drifted away from P angaea, forming an
island continent on which its native eucalyptus
trees developed. The trees would not be spread
around the globe until the nineteenth century,
when eucalyptus saplings were exported to
countries in need of the timber and shade pro-
vided by the fast-growing trees.

A koala delicacy

Eucalyptus trees make up
75 percent of Australia's

' forests. Their waxy, suc-
culent leaves (right) are a
favourite food of koilas (l,efi,).

Eucalyptus leaves and flowers

Earth's floral regions

Continental drift and changes in
climate have combined to pro-
duce six distinct floral regions
worldwide (riglLt). Each region is
classified according to the types of
plants it contains. Many species
found in the Holarctic region, for
example, evolved from a common
ancestor that thrived when the
North American and Eurasian
continents were stiil joined. Other
plant species achieved a wide
distribution due to the migrations
of seed-carqring birds. Plants that
are limited to one region-such as
the eucalyptus-probably arose
after the continents drifted apart.

{Kl Holarctic region

An African pitcher plant

KW}l Palaeotropical region l-___l Cup" t"gioo [----l A.r.t""lian region



Variations in eucalyptus species

Australia is home to nearly 500 species of eucalyptus
trees. Forests of stately Sydney blue gums dominate
the tropical north, while tiny snow gums and other
frost-tolerant strains dot the mountains of the
southeast. Drought-resistant species like the wandoo
grow in the southern savanna. Only the west-central
deserts do not support any eucalyptus trees.

Regions of
eucalyptus growth

Tropical

Evidence of drifting continents

Scholars noted the puzzlelike fit between the
continents on either side of the Atlantic as
early as the seventeenth century. In the nine-
teenth century, biologists discovered striking
similarities in fossilized plants found in Europe
and America, suggesting a common origin for
both. Not until 1912, however-when German
meteorologist Alfred Wegener proposed
his theory of continental drift-did a few
scientists begin to take seriously the idea that
the continents had once been fused in a
single landmass. Since then, scientists have
used geologic, magnetic, and fossil evidence
to reconstruct the location of the continents
at various times in Earth's history; their
best guesses are shown below.

135 million years ago
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Frost-tolerant species
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200 million years ago

million years ago

A South American water lily A stand of Canadian larch
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How have alpine plants evolved?
High atop the world's mountains, above the
Iine where evergreen forests give way to rocky
meadows, lies a forbidding region known as the
alpine zone. Here the air is thin, high winds scour
the gravelly soil, and precipitation-when it
comes-usually takes the form of snow.

By necessity, the plants that inhabit the alpine
zone are some of the hardiest in the world. They
probably first appeared there after the great ice
age that began about 2 million years ago (right).
Before then, for aperiod of some 60 millionyears,
the ancestors ofthese coldJoving plants grew on
the tundra that surrounds the North Pole. As
glaciers began to move south, however, the plants
migrated toward the ice-free lower latitudes.
Later, when the glaciers retreated, most of the
tundra plants returned to their highJatitude soils,

but sorne climbed to higher altitudes-the alpine
zone-instead.

Today, the plants that live in the alpine zone
have adapted remarkably well to their harsh
environment. Minimizing their exposure to gale-
force winds near mountain summits, alpine plants
lie Iow, forming dense, carpetlike mats on the
frozenground. Dwarf leaves cut heat and water
loss, while extensive root systems anchor the
plants in the stony soil. Because the summer
growing season is so short-just 14 weeks in
some places-the plants put forth showy blooms
each spring to attract pollinators, transforming
mountain meadows into a sea of brilliant colours'

Vertical vegetation zones

Alpine zone

-:rr- ---*

SubalPine zone

- - -- 1,500 m

With increasing altitude, the trees on a mountain-
side slowly disappear. The transition point, known
as the timber line, varies with latitude. On Japan's
Chubu Mountains, for example, the timber line is
2,500 metres high. The alpine zone occupies the
area between the timber line and the summit.

Sumrner flowers bloom in the alpine zone.
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Alpine plants and the ice ages

Plants flourishing in high mountain meadows owe their
existence to the ice ages. Four times during the last
two million years, vast ice sheets have advanced toward
the equator from the poles (ahnue). As ice gripped the
Iand, the grasses, Iichens, and sedges that lived in the
polar tundra were killed off. Their seeds, transported
by birds and winds to the more hospitable lower
latitudes, gave rise to a new community of polar plants.

As Earth warmed and the glaciers retreated, the
tundra plants began to wither in the changing environ-
ment. Their seeds found their way back to their former
polar neighbourhood, where they again took root.
Isolated pockets of tundra plants remained in the lower
Iatitudes, however, and established themselves in the
high mountains. They are the alpine plants of today.

yi' 4

The progression of an ice age

1. Warmth. Tundra plants (flowers)
and arctic trees (silver-green firs) in-
habit high latitudes, while cold-
climate evergreens (cone-shaped
trees) populate the mountains.
Temperate forests (round-topped
trees) extend to lower latitudes.
2. Chill. Glaciers advance from the
north, forcing high-latitude flora south'
3. Glaciation. Hardy tundra plants
rim the glacier, but.neither type of
evergreen can survive on the snow-
bound mountains.
4. Thaw. As the glaciers recede, the
tundra plants return to high
latitudes; they also become estab-
Iished in high altitudes.
5. Warmth. Glacial retreat restores
earlier floral patterns, but the tundra
plants remain intheir new alpine home.

2

Alpine adaptations

The alpine zone is a land of little precipitation, so many
plants that grow there resemble desert plants. Edelweiss
(bel,nw, Lefi), native to the European Alps, has hairy, wax-
coated leaves that seal in moisture. Its cousin,
Leantopodtium faurini (below, r-1glLt), grows in Japan.

Edelweiss Leontopodiurn fauriei
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What tree is the larg
There are several trees, in different parts of the
world, that have been claimed as the world's
largest tree. In 1853, hunters returning from
California to the eastern United States told
stories of trees so large that no one believed
them, until a group of easterners went out to look
and found agiant sequoia of such enormous girth
that it took four men 22 days to fell it.

History abounds with reports of such legendary
trees. Generally speaking, trees are measured in
terms of the diameter of the trunk and the height
of the tree; some trees are considered large
because they provide a largb amount of wood for
commercial use. But singling out one tree as the
world's largest is probably impossible. A given
tree, for example, may boast the world's thickest
trunk while measuring many metres shorter than
a lanky rival. Nonetheless, all of the trees shown
here qualify as true giants.

Sylvan skyscraPers

Redwood sequoia
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Sequoiadcndron giganteum-also called "big tree" or
the giant sequoia-is often cited as the world's largest
tree species. The biggest (but not the tallest) of these
California natives is named General Sherman; at 83
metres high and 11 metres in diameter, the tree
contains enough lumber to build 80 five-room houses.

Among Earth's largest living things
are three tree species so tall their tops
seem to brush the roof of the sky: the
redwood sequoia, the giant eucalyptus,
and the Douglas fir. The tallest species

-though only by a branch or so-is the
redwood sequoia (far Lefi).The loftiest
individual redwood is in California's
Coast Range and tops 120 metres. To
reach these heights, redwoods require
as much as 140 centimetres of rainfall a
year. In second place at 114 metres is
the giant eucalypfus (cmtre), a species
native to the southera forests of
Australia and Tasmania. Its lightweight
wood is often made into plywood and
paper pulp. The ramrod-straight
Douglas fir (ncur lnfi), renov'rned for its
hard timber, reaches 100 metres and
grows in dense stands in the American
Northwest. A single Douglas fir may be
used as the tall mast of a sailing ship.

General Sherman's vital statistics

Diameter: 11 m

Circumference: 37.5 m

Height: 83 m

Age: 3,500 years

,*'*"""-'"-***%*l

Giant sequoia

Giant eucalyptus Douglas fir
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The kapok, or ceiba, tree supports its massrve
trunk with buttresses that stretch 9 metres beyond
its base, which measures 50 metres in diameter.
The kapok tree yields fruits with seeds that sport
a fleecy covering used in pillows, sleeping bags,
Iife jackets, and soundproofing insulation.

Kauri pine

Like a Roman column, the kauri pine measures the
same at its base-about 6 metres across-as it does
below its first branch, some 24 metres off the
ground. This majestic tree, coveted for its valuable
wood, has been logged almost to extinction in its
native New Zealand.

The old ones

The world's largest trees are also often the oldest. Japan's
Jomon cedar, whose trunk is more than 27 metres in cir-
cumference, has been alive for at least 3,000 years. Some
sequoias and ceibas are between 3,000 and 5,000 years old.
But the bristlecone pine (l,efi), the grandfather of them all,
rarely gr:ows more than 7.5 metres tall. A stunted and
gnarled plant, it flourishes on the wind-swept, rock-strewn
slopes of the White Mountains, in the western United States.
The oldest known bristlecone pine is the Methuselah Tree;
more than 4,600 years old, it was already a sapling when
the Egyptians started building the pyramids.

Gauging the age of ancient trees is a complex and inexact
science. Carbon dating, the most commonly used method,
measures the half-life of radioactive carbon present in tree
fibre as an age index. A simpler way is to count the yearly
grov'bh rings in a core sample taken from the trunk of the tree.

A bristlecone pine in California
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What is a food chain?
Energy and matter are constantly recycled in the
zone of air, water, and land called the biosphere.
Through photosynthesis, plants convert energlr
from the sun into fuel for growth. These or-
ganisms make their own food, so they are called
producers. Other living things-crickets and
humans, for example-cannot manufacture food
from sunlight. Instead, they must eat other
organisms to obtain the energy that keeps them
alive. This group of creatures is therefore labelled
consumers (far ri,glLt).

Directly or indirectly, all consumers derive their
nourishment from plants-either by eating plants
themselves or by eating other creatures that eat
plants. In this sense, plants are the very founda-
tion of life. The term for such a plant-based life
cycle is a food chain.

The final link in the chain is made up of
decomposers-that is, organisms like bacteria and
fungr that break down the dead remains of pro-
ducers and consumers, returning energy-packed
nutrients to the soil for plant use.

The food chain helps maintain the balance of
nature. During photosynthesis, producers take in
water and carbon dioxide and give off oxygen.
Consumers and decomposers, by contrast, absorb
oxygen and emit carbon dioxide. Through this
give-and-take, the two gases remain at their
proper concentrations in the atmosphere.

The cats eat the rats

The relationships and relative populations of each group in
the food chain are shown above. Plants, with the sun as
their energy source, are the most numerous; tertiary con-
sumers-large animals that eat smaller animals that, in turn,
eat other creatures that eat plants-number the fewest.
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Through photosynthesis,
plants produce food for
themselves; they also be-
come food for the world.

Tertiary consumers
(large meat eaters)



Solar energy

Ttacing energy's path

The food cycle begins as plants use solar energ1
(|,efi) to manufacture tissues. These producers
become food for primary consumers-herbivores
such as grasshoppers and gira.ffes. Primary con-
surners are in turn devoured by meat-eating sec-

ondary consumers like snakes and hyenas. Still-
Iarger carnivores, known as tertiary consurners,
then prey on secondary consumers. In practice,
consumers move between levels, creating an in-
tricate energy exchange lcrown as a food chain.

Plants: the basis of life

The energy that fuels Earth's life
cycles comes from the sun. But
only green plants can make direct
use of this energy source. They
are equipped with photosyrrthetic
cells, which convert sunlight into
chemical energT for building new
tissue. Without the plants' unique
ability to exploit solar energy in
this way, creatures would have no
food.

Tertiary consumers, such as
the four predators shown here,
eat secondarly consurners.
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Secondary consumers such
as these prey on primary
consumers (belotn).

Primary consumers eat pro-
ducers, or green plants.
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What happens to fallen leaves?
Billions of leaves fall in woodlands round the world
each year, yet the leaf pile on the forest floor
never g'rows any deeper. That is because it never
really gets the chance : Legions of largely unseen
organisms begin consuming the fallen leaves as
soon as they dry.

The first to feed on the fallen leaves are bac-
teria, mildew, and decomposer fungi (near right),
which use digestive enzymes to break down the
lea.f tissue. The parbly decomposed leaves are then
eatenby earthworms and other tiny animals(far
ri,glLt). Gnawing and chewing, these creatures
reduce the mouldering leaves to a fine dust; in the
process, they excrete a rich store of digested
wastes. The droppings and leaf dust again become
food for the bacteria and fungr. Together these
sources of food are so bountiful that a handful of
forest dirt contains as many organisms as there
are humans on Earth.

The result is that leaves and other dead organic
matter are broken down into simpler substances

-chiefly proteins and minerals-that are re-
absorbed by living plants. The network of soil
animals, bacteria, and fungi that performs this
recycling is known as the saprophytic chain. The
time required to complete the chain depends on
the temperature and humidity of the soil and the
composition of the leaves. Under normal condi-
tions in a temperate forest, the fragile tissues of
a deciduous leaf decompose within a year. The
wa)q/, compactneedles of an evergreen, however,
resist the forces of decay for years.

: ; Slime m.orll'd' : ,,,' '' I 'r. 'Sulphur b,ic[erii,, :

Agents of chemical decay

Decomposer firngi and bacteria (ahoae) secrete
chemical enzyrnes that break down proteins and car-
bohydrates found in animal droppings and tissues, and

in rotting plant matter. The organisms then absorb
the soluble nutrients in the digested material, leaving
behind decomposed organic matter as soil fertilizer.

Leaf factories

Failen leaves are a large part of the decomposers' diet.
The most prolific producers of leaf fall are broad-leaved,
deciduous forests in regions of marked seasonal change.
Here the cooler, shorter days of autumn slow sap flow,
causing the trees to shed their leaves. Trees in the mon-
soon forests of Indochina also drop their leaves all at once,
during the annual dry season. Others, such as northern
evergreen-needle-leaf forests and tropical evergr:een-
broadlea.f forests, lose their leaves continuously.

Autumn leaves carpet a forest floor.
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Forest soil teems with tin5r animalis (ahaue)'that de.,
vour organic debris such as fallen logs, dead leaves,
and carrion. These creatures break the decaying
matter into bite-size pieces before ingesting it.
Later, they excrete the digested material in the soil,
where bacteria and fungi finish the decomposition.

Humus: recycled plant food

Fungi, bacteria, and a host of soil animals together
convert leaf litter, twigs, and other organic refuse into
the moist black substance known as humus. A mixture
of proteins and lignin (a constituent of wood), humus is
an essential ingredient of good growing soil. In addi-
tion to furnishing vital nutrients, it boosts the ability
of soil to retain water. Most important, humus aids in
the formation of soil crumbs that create air spaces in

Forest-soil layers

A. Newly fallen leaves
B. Partly decomposed

leaves
C. Decomposed leaf

particles
D. Humus
E. Mineral layer with

scattered humus
F. Weathered rock and

stone
G. Bedrock

Insect larvae

the soil. Soil organisms draw oxygen into these spaces,
fostering plant growth.

Such benefits extend only a metre or so beneath the
forest floor, however. As illustrated above, humus is
concentrated in a fairly thin band of topsoil below a
layered blanket of decaying leaves. Underneath the
humus is a hard-packed mineral layer; below this lie
layers of unyielding rock.
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Can a lake turn into a forest?
Like mountains, lakes seem to be fixed features
of the landscape, yet they too are subject to
change. Under certain conditions, a lake can
become a woodland in just a few thousand years.

The best candidate for such a transformation
is a river-fed mountain lake. Over hundreds of
years, the river deposits tons of sediment into the
lake, filling in the shoreline and raising the lake
bottom. Water plants soon colonize the shallows
near the shore. As sediment raises the lake bed
still higher, plants such as water lilies, reeds, and
ditch grass fill in the open areas. The lake becomes
a marsh.

Rottingplants then accumulate belowthe dense

Alders and other waterJoving trees occupy a swampy
meadow. A sun-tree forest soon grows up, creating a lea.ff
canopy under which shade-tolerant trees can flourish. In
time, a climax forest of oak and hickory develops.
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Two kinds of bogs

Low-lying swamps flushed by
running water develop into low-
moor bogs (rigfL\.In these wet-
lands, dead plant matter decays
and is swept away before it can
form layers of peat. The water flow also washes
minerals away from growing ditch reeds and rushes,
depriving them of nutrients. Thus low-moor bogs
support little plant life.

High-moor bogs (Lower rigltt) form on flooded
plains in regions where the air is consistently chill
and damp. Such bogs favour the
grou'th of sphagnum moss-tiny,
spongelike plants that gather in
tufts. As new growth develops,
the underlying moss withers and
turns to peat that eventuallv
swells into a dense mound that rises above the plain.

marsh growth, where they turn into an organic
muck known as peat. Cat's-tails, sphagnum moss,
and bulrushes sprout on the peat. The marsh
becomes a swamp.

Amongthe new swamp dwellersare aldersand
willows; these waterloving trees convert the
swamp into a meadow. Birches, red pines, and
other sun trees-species that thrive on full sun-
spring up, forming a fledgling wood. Finally,
shade trees appear and the wood matures into
a climax forest-that is, a stable community of
trees. This process of change, in which one plant
community replaces another until equilibrium is
reached, is called succession.

Mounting sediment
reduces the lake's depth.
The plants migrate inward.

The water plants close in
on the lake's centre, turn-
ing the lake to marsh.

As dead plant matter
accumulates, it forms a
swamp that hosts ditch
reeds and sedge.

Tiny lakes dot a high-moor bog in Ozegahara, Japan.



When a lake comes
into existence, it is
devoid of vegetation.

As river sediment builds
up on the lake bed, water
plants appear on shore.

A water-plant primer

As shown below, three types of
hydrophytes-plants that flourish in
water or very moist ground-grow
in lakes,,marshes, and swamps.

Emergent Floating Submerged

Emergent hydrophytes grow in and
out of water. Most root on the bottom,
but some send roots above the surface.

Ditch reeds, an emergent water plant

Floating hydrophytes simply drift.
Hairlike roots provide balance and
draw nutrients from the water.

The water lily, a floating water plant

Submerged hydroph;'tes grow im-
mersed in water. Their ribbonlike
leaves yield easily to passing currents.

Elodca nuttallii, a submerged plant
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The human
connection

Our early ancestors hunted animals and gathered
wild plants for food. When they began to save
seeds and sow them, the hunter-gatherers became
farmers, and different wild plants became their
staple food crops. In southwestern Asia, wild
grasses became barley and wheat. In tropical
America, wild maize, squashes, beans, peppers,
potatoes, and peanuts emerged as the favoured
plants. Over the millennia, farmers gradually
improved these crops by the simple expedient of
saving the most productive or preferred kinds for
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replanting the next year; in this way, wild plants
began their lengthy transformation into the
advanced crops that now feed the world.

Today, the challenge is to conserve not only the
wild progenitors of plants but also the primitive
land races-that is, the crop strains that have
been passed from one generation of farmers to
the next. The application of these plant genetic
resources, as they are called, will continue to be
a busy field of research in which scientists try to
transfer single genes from one plant to another,

{ .$ -ltn"*,rp#t 
r,;.4&F+tnq

ral$T"'"r f

i@

,9'

Lli\
t

or to utilize genes from distant relatives of tame
crops. Along with current crop-improvement
technology, such advances will be essential to
feeding the world's exploding population.

Civilization could not have advanced without the move-
ment of crop progenitors from the areas where they
originated (mnps, ahoae and, belaut) to the population
centres of the world. The discovery of the Americas
enriched the world's food diversity with more than 10

crop plants of worldwide imporbance.
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What medicines come from plants?
Before syrrthetic drugs were developed in the
twentieth century, nearly all medicines-from
folk remedies to pure chemical compounds-were
derived from plants. Today, 40 percent of the
prescription drugs sold in the United States still
contain at least one ingredient taken from plants.
Extracts from the common ground cover known
as periwinkle, for example, are used to battle
several kinds of cancer, including leukaemia.
Preparations from the foxglove-an ornamental
flower-are effective in treating heart disease.
Another flower, the opium poppy, is the source
of the painkiller morphine. In addition to inves-
tigating known plants, researchers are combing
the globe in the hope of discovering new species
with medicinal properties.

Some of the most potent medicines come from
some of nature's lowliest plants-fungi. Known
as antibiotics (from the Greek words meaning
"against life"), these substances cure illness by
preventing the growth of other living cells, such
as bacteria. Penicillin, the first known antibiotic,
was discovered by British bacteriologist Sir
Alexander Fleming in 1928. Since then, scientists
have found dozens of other naturally occurring
antibiotics. Their quest continues today.

Spores g:row on blue mouJd, the source of penicillin.

1aa

The pioneers of penicillin

Penicillin, discovered by Sir Alexander
Fleming (belmt) in 1928, was refined into
an effective bacteria-fighting drug in
1941 by British scientists Howard Florey
and Ernst Chain. In 1945 the three men
were awarded the Nobel Prize for their
invaluable contribution to medicine.

'llW: ,,cu;:']!q.:"pj &\

From mould to medicine

An antibiotic is a chemical substance, produced by
microorganisms such as fungi and bacteria, that
stops or destroys other microorganisms. Penicillin,
for example, is manufactured naturally by mould
fungi of the Penicil|'ium gen:us.It is used to fight a
variety of bacterial diseases, from ear infections to
pneumonia, scarlet fever, and meningitis.

Not all types of bacteria are harmful to human
health, however. The order of bacteria known as
Actinomycetales yields several potent antibiotics,
notably streptomycin. Isolated in moulds by the
Russian-born American microbiologist Selman
Waksman in 1943, streptomycin has been successful
in fighting tuberculosis and other bacterial diseases.

In the vears since antibiotics were introduced,
however, certain bacteria have developed a resist-
ance to some drugs. To combat these stubborn
strains, doctors often prescribe a mix of two or
more antibiotics. Meanwhile, scientists continue to
search for new antibiotics.
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Blue mould

an open speea, iattid,#dff'd i'iiob-ricteria
grew (ahaue). The'blue mould, condlud.ed,
produced a chemical substance that halted bacterial
growbh. He later named this chemical penicillin because
the blue mould belongs to the Peni,ci,lltium genus

An antibiotic treasure-trove

The genus of bacteria known as Streptom,yces has proved
to be a rich source of antibiotics. Among them are anti
bacterial drugs such as streptomycin, useful in treating
tuberculosis, and tetracycline, which effectively fights a
broad spectnrm of bacteria. One species of Streptom.Eces,
erythra,eus, yields erythromycin, a popular treatment for
bacterial illnesses such as strep throat, legionnaire's
disease, and some pneumonias. Certain Streptom.Eces
antibiotics, in combination
with other drugs, can even
help to slow down the
growbh of cancer.

Yiewed through an electron
microscope, blue mould is
revealed to be a tiny plant
with long stalks.

Shown below is a blue-mould
colony of the type that produces
penicillin. The colony is ringed
by its bacteria-fighting halo.

The lesser strains

Outside of the Penicillfurn and Streptom,Aces genera,
only a few fungi and bacteria produce antibiotics. The
drug polymlxin, for example, which works against
whooping cough, is obtained from a soil bacterium of
the Bani,Ilus genus. Another strain of Ban'illzs yields
the antibiotic called bacitracin, which is effective in
fighting bacterial skin infections.

Bacillus bacteria when magnified



What is grafting?
Nursery workers and gardeners use an array of
techniques to propagate herbs and woody plants
by vegetative means-that is, without the need
for sexual reproduction. The most widespread and
least expensive such method is the use of cuttings.
When propagation by cutting does not succeed,
an alternative approach such as layering, dividing,
or grafting plants may be used instead.

Grafting is one of the oldest ways to achieve
vegetative propagation; plant breeders have
practised the tactic for more than 2,000 years. In
essence, the gardener unites parts of two closely
related plants so that a piece of a desirable plant
starts to grow on the roots of the second plant.
The plant to be reproduced is called the scion,
while the rooted plant is known as the stock.

Grafting serves many purposes. First, it enables

a grower to change the character of a plant by
modifying its wood, foliage, or fruit. Second, it
permits the development of branches, flowers, or
fruit on trees or shrubs that lack them. Third,
grafting is a good way to enhance the vigour of
defective or exhausted trees or shrubs. Fourth,
it facilitates the reproduction of dioecious-that
is, separate-sex-plants, since a scion of one sex

can be grafted onto a stock of the opposite sex.
And finally, grafting offers botanists and other
scientists a means to preserve and reproduce
varieties of woody and herbaceous plants when
other techniques fail.

1. The stock is first
cut off square; a sharp,
sterile knife is used to
make a downward
V-shaped groove.
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2. The scion, usually
having a total of three
buds, is cut in the shaPe
of a wedge and inserted
snugl.y into the notch.

The basics of grafting

Although woody plants may be grafted in any month,
the operation has a higher chance of success at cerbain

times of the year. Periods of intense cambial activity
are ideal. In early spring, for example, the tree buds
swell and the wounds made by grafting heal rapidly. A
second period of cambial activity extends from mid-
summer into early autumn. Root grafting is performed
indoors in late winter, when the root pieces are dor-
mant. A few grafting techniques are illustrated here.

Notch grafting

Crown, or notch, grafbing (below) is often used to pro-

duce dwarf fruit tiees. The new tree that results from
the graft will duplicate the features of the scion, but
its grorn'bh rate will be dictated by the rootstock.

3. The surfaces of both the scion and the stock
must be cut cleanly; their cambiums must also

be aligned to bring them into close contact.



5. The sprouting of a bud
(below) signals that the graft
has taken. The soil can now be
removed; the tape will have
disintegrated already (r"tSht).

4. The union is secured
with grafting tape (lefi).
To keep the graft from
d.)nng out, all cut surfaces
are covered with grafting
wax or mounded soil.

Inarching

Inarching is used with or-
namental trees. A potted
seedling is placed beside
the donor plant. Bark is
sliced from adjacent sides
of each plant, and the cut
surfaces are joined. After
the graft unites, the new
plant is cut free above
and below the union.

Budding

To propagate a rose, alilac, or a fruit tree by budding, the scion

-here, a wood sliver with one bud-is inserted beneath the bark
of the stock and tied with rubber budding strips.

Cleft grafting
@@t

it
' Watermelon

Grafting is often experimental. Here,
from a watermelon has been inserted
resistant bottle gourd and clamped in

a wedge-shaped scion
into a cleft in a disease-
place.

Root grafting

Root grafting, in which the
stock is a seedling or a
pencil-size piece of dormant
root, takes place in winter.
The grafbed plants are
buried in moist sand in cold
storage; they are trans-
planted in early spring.

Occasionally, botanists produce unique grafting combinations
simply because they are possible. Two different cacti may be
merged to form a single spiny plant, or-as above-a morning-
glory may be grafted onto its close relative, the sweet potato.



How are hybrids produced?
When two genetically similar plants-such as two
closelyrelated species or varieties of tomato-are
crossbred, their offspring are known as hybrids.
In general, hybrids outperform their parents in
growth, yield, and vigour. This phenomenon,
known as hybrid vigour or heterosis, has long
influenced cultivation, as farmers tried more or
less haphazardly to improve their crops through
random crosses and mass selection. Early in the
twentieth century, however, the infant science of
genetics revealed that traits are passedfrom one
generation of plants to the next by genes. This
finding enabled humans to control the hybrid-
ization process closely.

The superior offspring that result from cross-
ing two varieties of the same plant species are
called F' hybrids. But F' hybrids do not breed
true: When their seeds are sown, the next genera-
tion (F) is uneven in quality. To ensure the con-
sistency of F' hybrids, the parental lines must be
crossed every year to obtain new seeds.

Applying their knowledge of genetics, modern
plant breeders are developing hybrids with
various desirable traits-resistance to disease, for
example, or a tendency to produce sweeter fruit.
The basic process invoives selecting promising
parent plants, crossing them, and growing the
resulting seeds. Because breeders usually raise
several generations by backcrossing and grow
thousands of seedlings before narrowing the
selection to a promising few, producing a superior
hybrid can consume more than a decade.

Breeding the best maize

Because maize is normally cross-fertilized, it offers a
good example of the harmful effects of inbreeding.
When a high-yielding strain is repeatedly self-
fertilized, it loses vigour, yield, and quality because
of its genetic isolation.

A wealth of hybrids

Food stores and markets
overflow with hybrid fruits
and vegetables. Many widely
available strawberries,
tomatoes, green peppers,
onions, and types of spinach
are hybrids.

Growers favour hybrids for
many reasons. Because they
are bred to resist disease,
pests, and drought, hybrids
generally yield bigger and
better crops. Hybrids also are
uniform, more handsome,
tastier, and less perishable
versions of many fruits and
vegetables.



The path to Fr maize

After a strain of maize has self-pollinated for several
generations, a pure parental line with selected traits
is produced. Along the way, the individual plants
become smaller and the crop itself decreases, a phe-
nomenon known as inbreeding depression. However,
crossing two inbred lines (A and B,lefi) results in
vigorous Fl progeny (below), which combine the best
qualities ofboth parents. This
ii called hybrid vigour. i
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Hybridization of maize

To produce F1 hybrids, farmers plant two chosen inbred
lines of maize in alternating rows in a field. Hybridization
then occurs naturally, by cross-pollination, because each
plant's reproductive organs prefer the pollen from the
other line.
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id vigour (heterosis)

A crop with ancient roots

Most of the maize varieties bred today are descended
from a wild maize that grew in Mexico more than
7,000 years ago. Maize for cattle and the sweet corn
eaten by humans are almost always hybrid varieties.

F1 hybrid

Sweet corn, an Fr hybrid, is packed with juicy kernels.
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What is crop improvement?
For as long as humans have cultivated plants, they
have sought to improve them-that is, to enhance
a crop's yield or quality or both. The earliest
method of crop improvement, mass selection, con-
sisted of choosing individual plants that exhibited
the best traits and saving their seeds to sow the
following year.

Occasionally, growers found among their crops
a plant or two that differed radically from their
parents. These odd offspring-now known as
mutations-resulted from a sudden and random
change in some hereditary, or genetic, charac-
teristic. Although most mutations are defective,
a rare few display positive traits that actually
improve a plant line. Mutation breeding is just one
of many crop-improvement methods that modern
plant breeders are using with success.

Mutation by radiation

Although naturai mutations occur very
rarely, they can be brought about arti-
ficially by agents known as mutagens.
X-rays, ultraviolet light, atomic radia-
tion, and certain chemicals can all in-
crease the mutation rate.

Most of the mutants that result from
exposure to such agents are defective
or lack commercial value. A few,
however, display the sort of traits that
breeders value: The nectarine, for ex-
ample, is a bud mutation of the peach.

In general, the probability of muta-
tion increases with the radiation dos-
age. Although the level of radiation
used is harmless to consumers of the
crop, too much radiation will cause all
the plants to die. In a gamma field
(riglLt), plants are grown around a
platform containing cobalt-60, a radio-
active isotope that emits gamma rays.
The radiation bath may produce a
hardier strain of rice, for instance, or
a mulberry tree with leaves that are
an unusual yellow colour.

Breeding breakthroughs

Increased understanding of genetics has taken much
of the guesswork out of plant breeding. Knowledge of
dominant and recessive traits, for instance, helps
scientists predict the results of crossbreeding (pages
136-137), a process that has yielded many of the rice
and wheat varieties grown around the world.

Other methods manipulate crops at the gene level.
Genes, which are carried in the nuclei of plant cells
on tiny threads called chromosomes, determine
heredity. In mutation breeding (ri,ght, top), scientists
use radiation to cause gene mutation; they then select
the most promising specimens for future cultivation
and refinement.

Polyploidic breeding (r'igh,t, bottom) hinges on the
use of chemicals to multiply the number of chromo-
somes in a plant. The resulting polyploids generally
grow larger than normal plants.

When sets of chromosomes from two or more dif-
ferent species are combined-a method known as
interspecific breeding-the result is an entirely new
species of plant. The newcomer tends to be sterile,
but its fertility may be restored by multiplying its
chromosomes. Breeding methods that operate at
the cellular and genetic levels are often referred to
as biotechnology or genetic engineering.
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Polyploidic breeding

Most plants are diploid, or 2n, which
means that they have two sets of
chromosomes. On occasion, however,
the chromosomes in a reproductive
cell fail to separate as usual, and
fertilization results in offspring with
three (triploid, 3zr) or four (tetraploid,
4n) sets of chromosomes. These
so-called polyploids, which occur
spontaneously in nature, produce
abnormally large flowers and fruits.

In 1937 an American scientist
named Albert Blakeslee discovered
that the chemical colchicine, an ex-
tract of the autumn crocus, multiplied
the chromosome number of plant
cells and prevented cell division from
occurring. Because triploids and
other odd-numbered polyploids often
turn out to be sterile, botanists have
used Blakeslee's discovery to produce
such fruits as seedless watermelons.

daisy tetraploids

o
Diploid

ot
seeds (22)
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Breeding short rice

Mulberry mutation
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Mutant genes give
a yellow hue to a
leaf grown from an
irradiated branch.

Putting colchicine on the bud of a blue
daisy yields tetraploid flowers-that is,
flowers with four sets of chromosomes.
A tetraploid plant (aboue, righ,t) grows
larger and bears bigger flowers than
the usual diploid variety.
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A triploid watermelon
is devoid of seeds.

Mr generation

ei$ene'foi'lhort'pi?frts (Dd). the ihorter plants (dd)
appear in the second mutant generation (M2).

Created by mutation breeding, short
rice plants (ahoae) are less likely to
break in strong winds.

Tetraploids (4:r)

does not produce seeds.
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Can plants be grown in test tubes?
Tissue culture-growing a plant in a test tube-
is an artificial means of propagation, but the
technique depends on a natural process: the
capacity of plants to regenerate, or replace, a
lost or damaged body part with new growth.
First, a small piece of plant tissue is isolated in
a sterilized environment such as a test tube. The
tissue is then nourished with a suitable growth
medium. Given the proper conditions, an entire
plant can be regenerated from a tiny bit of tissue,
or even from a single cell.

Tissue culture is most successful when the
samples to be regenerated come from a plant's
meristems-areas such as the growing tips of
stems and roots, where cells are actively dividing.
This type of propagation, called meristem culture
or shoot-tip cuiture, produces plantlets that are
genetically identical to the parent' Shoot-trp
culture is often used to propagate seedless plants
or F, hybrids.

Plant breeders prize meristem culture because
it results in virus-free stock: The growing tips
used to produce the new plants are generallyfree
of viral infections, which tend to pass from
one generation to the next when seedlings are
produced by natural propagation or grafting.
Meristem culture is also favouredbecause ityields
a large quantity of healthy, uniform plantlets in
a short time.

Growing orchids in vitro
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As a first step in tissue
culture, a bud is sliced
from the stem of an or- .::.:,.f.i:

chid (kfi.). A microscopic
speck of tissue is then
removed from the bud
(cmtre inset) and placed
in a liquid growth me-
dium (aboae). Around
two months later, an
organ called a globe
appears in the test tube.

The cattleya orchid (oppos'ite, top) is ofben grown by
tissue culture (afurue an'd right) in a sterilized room,

with the containers kept closed whenever possible to
keep out germs. The growth medium contains all the
nuthents and hormones needed to sustain the plant.

Variations on a theme

Shoot-tip culture (abaue) is not the only way to grow
plants artificially. Callus culture, for example, can be
used to reproduce herbs such as gromwell (below) and
ginseng. Formed at the wounded surface of a plant
or its root, callus tissue is composed of actively
multiplying cells; it is therefore an ideal candidate
for test-tube, or in vitro, propagation.

Two other major types of in vitro cultivation are
embryo culture (rryltt, top) and anther culture (riglt't,
bottam). Regardless ofthe technique, tissue culture
is always performed in an anti-
septic environment where ;
temperature, humidity, light, &

and other conditions can be ;L

carefullycontrolled. 'l' ',.1r., f , ''

:!. '

Embryo culture is
used in cases where
fertilization has been
successful but the
embryo is likely to die
if left on the plant.
Hybrid lilies are pro-
duced by this method.

Strawberries and to-
bacco are among the
plants that can be
grown by anther cul-
ture-the cultivation
of the anther, or the
pollen-bearing part of
a plant's stamen.

i''{',
t\,\,i\

Strawberry blo.ro.\

Lily

Gromwell
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Upon reaching a certain
size, the globe is placed
atop a gelatinous medium
in another test tube
(aboae). The globe ex-
pands to cover the me-
dium, and tiny plantlets
emerge (ri,gllt).

The mature orchid
soon bursts into
bloom.

The plantlets are re-
moved from the flask
with tweezers, and the
culture medium is rinsed
off. The roots are then
wrapped with sphagnum
moss, and several
plantlets are planted in
a single pot (rigllt).
Only when a plantlet
has grown large enough
to bear several bulbs at
the base of its stem will
it be transplanted to its
own pot (ri,gltt, top).

r,,-riflm; vivK)r.Y {The young plantlets are
separated and transplanted
onto a gelatinous medium
in a flask (near rigllt).
Four to six months later
(far riglLt), the seedlings
have grown firm roots and
multiple leaves.



What are genetic resources?
A wealth of genetic resources are helping plant
breeders improve the quality, hardiness, and yield
of modern crops. The three most usefiri resources
are wild relatives of cultivated crops; land races,
or crop strains thathave beenhanded down from
one generation of farmers to the next; and modern
plant varieties that have been developed by
botanists around the world.

In 1935, a Russian biologist and plant explorer
named Nikolay Vavilov identified eight parts of

Russian biologist Nikolay Vavilov
championed the idea that crops
and their wild relatives should be
combined to produce higher-
yielding and hardier plants. The
first to delineate crop origins
clearly, Vavilov identified eight
geographical centres of plant
genetic diversity.

The type of bean cultivated by
Indian farmers in Mexico and
Central America often differed
between tribes. Such variations in
local diet preserved a broad base
of genetic diversity for modern
plant breeders.
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the globe where most of today's cultivated crops
originated. These crop centres correspond to
areas of primitive agriculture, among them
northern China, southwestern Asia, southern
Mexico, and Peru. Expanding on Vavilov's work,
botanists have found that the greatest diversity
of crop genetic resources occurs in areas where
a continuous gene flow takes place between a crop
under cultivation and its wild relatives growing
in fields nearby.

Solanum dcmissum, a species of wild potato (aboue, lefi), does not
have edible tubers, but it is nearly impervious to the potato disease
known as late blight. Potato breeders therefore crossed S. d.emissum
with the Kennebec potato (rigllt) to produce a blight-resistant strain.

The currant tomato (abwe,l.efi), collected in Peru in 1929, was crossed
with commercial tomato varieties in the early 1930s when growers
discovered that the smaller ftuit is immune to fusarium wilt. The
disease-resistant by-product of this crossbreeding is shown at right.
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Plant breeders prize genetic diversity because
it enables them to create and maintain new
varieties of crops. To safeguard this diversity,
they use two methods. In szfz conservation
preserves wild species within their natural habitat,
often in biological reserves. Er situ conservation
relies on the carefully controlled environment of
a seed bank to ensure that the seeds ofland races,
genetic stocks, and obsolete cultivars will remain
usable for decades. Vegetatively propagated

Because seeds are small and well adapted for storage,
seed banks offer botanists a compact and convenient
means for conserving crops and their wild relatives.
Most crop seeds must be periodically grown into
mature plants, from which new seeds are then
collected for storage.

Plant physiologist Freddi Hammerschlag shows off
a pair of disease-resistant peach-tree shoots grown by
tissue culture. Hammerschlag grew each shoot from
a single cell, after a two-year search in which she ex-
amined three million peach-tree cells. The two cells,
both of which survived repeated exposure to leaf-spot
toxin, matured into shoots in nutrient-filled glass jars.

plants are also conserved er situ,but they require
more delicate handling; they may be held in tissue-
culture banks in a laboratory, or in a field gene
bank that resembles an orchard.

The goal of all these measures is to preserve as
much genetic variation of crop plants and their
wild relatives as possible. No one can predict what
crop disasters will occur in the future. Improving
production methods willbe the keyto meetingthe
planet's food needs.

A field gene bank in Brazil conserves a valuable
stand of South American peach palms, which have
recalcitrant seeds that make the plants difficult to
preserve in a seed bank. A field gene bank can be an
arboretum, a botanical garden, a plantation, or any
other land area in which a collection of growing
plants is assembled and maintained.
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Why are grains so important?
Without the nutritious fruits of the grassyplants
known as grains-especially maize, wheat, rice,
barley, oats, and rye-much of the world's popula-
tion would face starvation. Indeed, no other family
of food plants feeds as many people as do the
grasses.

Within the grass family, however, there is con-
siderable variation from one edible plant to the

Three important gtains

Six-rowed barley

Barley

Barley, often used to feed live-
stock, has been cultivated longer
than almost,,any other plant.
About one-third of the worldwide
barley crop is used to produce
malt, an ingredient of beer. A
hardy grain; barley grows as far
north as the Arctic Circle and at
high elevations in the Himalayas.

Two-rowed barley

Wheat

Wheat is so vital to humankind
that about one-fifth of the world's
cultivated land is devoted to grow-
ing the grain. Wheat produces the
flour necessary for making bread
and other baked goods as well as
pasta. Although it originated in
Asia, wheat is now cultivated all
over the globe.

next. Maize and rice differ most obviously from
the other grains mentioned above. Significant
differences also exist among wheat, barley, oats,
and rye. These grains vary not only in character,
size, shape, and hardiness, but in the extent of
their cultivation and the uses to which they are
put. This page takes a brief look at three of these
vital crops.
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Glossary

Alga (pl. algae): Algae comprise a group of primarily
aquatic orga,nisms that can make their own food through
photosynthesis. Some have a single cell, but some, such

as kelp, are mu-lticelled. Some, in association with fungi,
form lichens. All algae used to be classified as part of the
plant kingdom, but now blue-green algae are thought to
be a separate kingdom with bacteria.

Alpine: Used to refer to plants living in high mountain

areas above the timber line.

Alternation of generations: The regular change in the
form or the method ofreproduction in an organism from
one generation to the next.
Amoeba: An organism with a single cell belongingto the
genus Amoeba or a related genus.

Angiosperm: Any member of the plant kingdom that
produces seeds that are enclosed in an ovary. Seed-

bearingplants fall into two categories: angiosperms and

gymnosperms.

Annual: Any plant that completes its life cycle-
germinates from seed, matures, and produces new

seed-within a single year. See olso Perennial.

Anther: The part of a stamen that makes and bears the
male gametes, or pollen.

Antheridium: The male reproductive organ in ferns,

mosses, fungi, and algae.

Anthocyanin: A pigment that produces colours in the red,

blue, and violet range.

Antipodal cell: One of three cells found in the embryo sac

of an angiosperm at the opposite endfrom the micropyle.

Apical meristem: See Meristem.
Archegonium: The female reproductive organ in ferns,

mosses, fungi, and algae.

Arista: A bristlelike structure on the spikelets ofgrasses;

also called an awn.

Ascocarp: The fruiting body of certain fungi, made up

of a group of hyphae surrounding the asci.

Ascomycetes: Fungi that carry sexual spores in a sac,

the ascus.

Ascus (pl. asci): A saclike chamber in cerbainfungiwithin
which spores develop.

Asexual generation: The asexual, or sporophyte,
generation in the alternation of generations.

Auxin: A plant hormone that is involved with the growth
of cel\s.
Awn: A bristlelike projection found on the glumes of
grasses; also called an arista.
Backcross: A plant-breeding technique in which a plant
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is crossed, or bred, with one of its parents.

Bacteriurn (pI. bacteria): A microscopic, usually single-

celled organism often causing infection and disease.

Biosphere: The combined regions of Earth, including all

the land, oceans, and atmosphere that sustain life.
Bract: A specialized lea.f or lea.flike part usually located

at the base of a flower or inflorescence.

Buttress root: A kind of support root that grows from
the stem or trunk of a tree or plant where soil is thin and

the plant needs extra support. Banyan trees and maize

plants have buttress roots.

Callus: Regenerative cells that form when a plant is

wounded.

Calyx: The green or lea.fli part of a flower consisting of
sepals that help protect the developing reproductive parts

of a flower.
Cambium: ,A. layer of actively growing tissue. Vascular
cambiurn lies between the xylem and phloem, producing

new xylem cells on its inside and new phloem cells on its
outside; cork cambium lies outside the vascular cambium

and produces cork.

Carbohydrate: The main source of energy for most

organisms, usually occurring in the form of sugars or
starches.

Carotene: A yellow, orange, or red pigment.

Carotenoid: Any of a group of red and yellow pigments

chemically similar to carotene and found in all photo-

synthesizing cells.

Carpel: A single seed-bearing organ of a flower, con-

sisting of an ovary, a style, and a stigma.

Cellulose: A carbohydrate in plant cell walls that
strengthens and hardens them.

Chlorophyll: A green pigment, found in all photo-

synthetic plants, that absorbs energ1 from sunlight to
make food.

Chloroplast: The largest organelle in the cells of
photosynthetic plants; it contains chlorophyll.

Chromosome: The structure in the cell of an organism

that contains genetic material.
Classification system: An international set of guidelines

that allows scientists to classify organisms systematically

to show evolutionary relationships. From the most
general to the most specific, the levels are kingdom,
phylum, class, order, family, genus, and species. An
example from the plant kingdom is:

lVhite oak: Plantae, Anthophyta, Dicotyledoneae,
Fagales, Fagaceae, Qu,ercus alba



Conjugation: A form of sexual reproduction in which a

male gamete fuses with afemale gamete to form a zygote.

Cork: A layer of protective tissue that replaces the

epidermis in trees. Dead cork cells form the bark of trees.

Corm: A swollen underground stem similar to a bulb.

Corolla: The petals of a flower. The corolla lies inside the

calyx and helps protect the developing reproductive parts.

Cortex: The layer of tissue that lies between the epider-

mis and the vascular tissue.

Cotyledon: A seed lea.f, which is either single or one of
a pair, that is the first lea"f of a plant. The cotyledon is

in the seed of the plant in embryonic form. If one

cotyledon, or seed leaf, occurs in the seed, the plant is

a monocotyledon; if a pair of cotyledons occurs, the plant

is a dicotyledon.

Crossbreeding: The breeding of two individuals of
different species or varieties in order to produce a hybrid.

Cross-fertilization: The fertilization of an ovule by the

sperm from a different individual of the same species.

Culm: A jointed stem, usually found in grasses, such as

bamboo, and sedges.

Cupule: A cup-shaped outgrowth in mosses and liver-

worts that contains the gemmae.

Cuticle: A layer that covers and is secreted by the

outermost layer of cells of an organism. In botany, a

cuticle is a thin film covering the plant except where

stomata and lenticels appear. The cuticle helps to prevent

water loss.

Deciduous: Shedding the leaves seasonally, and being

lea.fless for part of the year. Maple and apple trees are

both deciduous trees.

Dicotyledon: Any member of the group of flowering
plants belonging to the angiosperms that has two seed

leaves in the embryo. Many trees and many cultivated
plants are dicotyledons.
Dioecious: Having male flowers on one individual plant

and female flowers on another individual plant of the same

species.

Diploid (2n): Having two sets of chromosomes.

Drupe: Any fruit developed from a single ovary, with an

outer skin, apulpy middle layer, and ahard shell around

the seed.

Embryo: The young plant usually contained in a seed.

Endodermis: Tissue made up of a single layer of cells

surrounding the vascular bundles of plants.

Endoplasmic reticulum: A network of vesicles or

cavities within most cells. Often the ribosomes are

attached to the endoplasmic reticulum.
Endosperm: The storage tissue in the seeds of most

angiosperms that provides food for the embryo.

Enzyme: A protein that triggers and speeds up chemical

reactions within cells.

Epiphyte: A plant that lives above the ground on trees,

absorbing nutrients and moisture from the air. Many

mosses and orchids are epiphy'tes.

Evergreen: A tree or shrub that has leaves or needles

all year round. Pine trees are evergreens.

Family: A group of related genera; related families form

an order. See also Classification system.

Fascicle: A group or cluster ofneedles, leaves, or flowers.

Pine needles grow in fascicles.

Filament: The stalklike part of the stamen, bearing the

anther at its tip.
Fructose: A sugar found in fruits.
Fruit: The seed-bearing part of a plant. Fruits are not

necessarily edible or fleshy.

Fucoxanthin: A carotenoid pigment in seaweed.

Fungi: Agroup of organisms, includingmushrooms and

moulds, that lack chlorophyll and therefore cannot make

their own food. Many fungi are parasites that live on

plants or animals. Fungi used to be considered part of
the plant kingdom, and are still considered plants in the
popular sense, but scientists now classify fungt in their
own kingdom.

Funicle: The stalk attaching the ovule, and later the seed,

to the ovary wall.
Gall: An abnormal swelling on plants caused by insects,

or a sterile female flower found on some plants, such as

figs.

Gamete: A mature sexual reproductive cell, either a
sperm or an egg, that unites with another cell to form

a zygote.

Garnetophyte: The generation in an alternation of
generations that produces gametes.

Gemma (pl. gemmae): A unit of vegetative, or asexual,

reproduction in mosses and liverworts that, when

separated from the parent, develops into a new plant.

Gene: A distinct unit of hereditary material. A genetic

line is established when genes are passed on over

successive generations.

Genus (pl. genera): A group of related species; related

genera form a family. See ako Classification system.

Germ cell: A sexual reproductive cell.

Glucose: A basic sugar found in most plant tissues that

a
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is used to make starch, cellulose, sucrose, and other
carbohydrates.

Glume: One of a pair of bracts beneath the inflorescence

of grasses and sedges.

Golgi bodies: A series of organelles in a cell, often linked
to the endoplasmic reticulum.
Gonidium: Any of the algal cells in a lichen.

Grafting: In botany, inserting a small part of a plant to

be cultivated, called the scion, into a closely related rooted
plant, the stock, so that the cultivated plant will grow

there permanently.

Granum (pl. grana): One of the structural units of a
chloroplast.

Ground meristem: See Meristem.
Gymnosperm: A plant that bears "naked" seeds, or seeds

that are not enclosed in an ovary.

Haploid (z): Having one set of chromosomes.

Haustorium (pl. haustoria): The small root of a parasitic

plant that inserts itself into the host plant.

Herbaceous: Pertaining to plants that do not have woody

stems.

Hermaphroditic: Said of a plant or animal that has both

male and female reproductive organs.

Heteromorphism: A life cycle in which the alternating
generations are distinctly different in size and shape.

Homology: The presence, in two or more plant or animal
groups, of structures that have the same ancestry but
different functions. Bat wings and human arms are

homologous structures.
Horrnone: A substance, such as auxin, found in plants

that controls the growbh of plant tissue.

Humus: The part of the soil that is made up of decayed

leaves and other organic matter.
Hybrid: An individual plant produced by parents of
different species or varieties.

Hymenium: A fertile layer consisting of asci that lines

the ascocarp of a fungus or the gills of a mushroom.

Hypha (pl. hyphae): One of the threadlike, branched

filaments that make up a fungal mycelium.

Hypocotyl: The part ofaplant embryo that connects the
seed leavesto the radicle and develops into the end ofthe
stem.
Inbreeding: Reproduction using the ovule and sperm
from the same or closely related individuals.
Indusium: A flap of tissue that covers each cluster of
spore cases on a fern.
Inflorescence: A cluster of flowers arranged on a
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single axis.

Integument: A protective skin or rind that develops from
the base of an ovule and encloses it almost entirely.
Inulin: A type of fructose stored in the roots of certain
plants.

In vitro: Said of a biological process, such as reproduc-
tion, that is made to take place outside the body of the
organism in an artificial environment.
Isomorphism: A life cycle in which alternating genera-

tions appear very similar in structure.
Lamina: The flattened, bladelike portion of a leaf.

Laminarin: A glucose in algae formedbyphotosynthesis.

Land race: A primitive variety of a plant that originated
and persisted in cultivation.
Leaf (pl. leaves): Usually an essential organ of a plant,

where photosynthesis and transpiration take place.

Leaves may vary widely in shape and size.

Lemma: The lower of a pair of bracts below each flower
in a grass inflorescence.

Lenticel: A pore in the corky layer of the bark of a tree,

or on roots, stems, and leaves, through which gases are

exchanged.

Lichen: A dual organism that is formed by the symbiotic

association of a fungus and an alga.

Mannitol: A common sugar alcohol in lichens and fungi.
Meristem: The growth tissue of plants, made up of
actively dividing cells. Apical rneristem is the growth
tissue at the apex, or tip, of a root or shoot; glound
meristem produces the pith and the cortex.
Mesophyll: Tissue that forms the interior parts of a leaf.

Micropyle : The tiny opening in the outer layer of an ovule ,

through which the pollen tube enters.

Mitochondrion (pl. mitochondria): A specialized

structure in cells that produces enz;rmes and metabolizes

fats and proteins.

Monocotyledon: Any member of the group of
angiosperm plants that has a single cotyledon, or seed

leaf, in its embryo. Monocotyledons include grasses,

palms, and lilies.

Monoecious: Havingthe stamens (the male organs) and

the pistils (the female organs) in the same individual plant

but in separate flowers.
Motor cell: A cell that conveys an impulse that results
in motion.

Mould: A fungus that produces a distinct mycelium, ofben

in the form of a furry coating, on dead or decaying matter.
Many medicines, such as penicillin, have been developed



from moulds.

Mutation: A random, but stable, inheritable change in
the genetic pattern of an organism.

Mutualism: A close relationship between two different
organisms in which each benefits.
Mycelium (pl. mycelia): A mass of branching hyphae that
forms the body of most fungi.
Myxamoeba: A swarm cell that has lost its tail.
Nastic movement: The movement that is the result of
lopsided cellular grou'th. The opening of a flower such

as a tulip is due to nastic movement.

Nucellus: The rounded mass of tissue in an olrrle
that contains the embryo sac; it is surrounded by the
integument.
Nucleolus (pl. nucleoli): A conspicuous, small structure
within a cell nucleus that is associated with the con-

struction of genetic material.
Organelle: A specialized structure within a cell designed

to perform a function, such as respiration or cell defence.

Ovary: In botany, the swollen lower part of the carpel
containing the ovules. After fertilization, the ovary forms

the fruit.
Ovule: The plant part that contains the embryo sac and

the ovum and that after fertilization develops into a seed.

Ovum: The female reproductive cell.

Palea: The upper of a pair of bracts below each flower
in a grass inflorescence.

Palisade tissue: A layer of cells between the upper

epidermis and a spongy layer in a Ieaf. The palisade

tissue contains many chloroplasts and is important for
photosynthesis.

Palmate: Said of a leaf that has lobes or divisions, usually

five in number, spread from a common centre, with veins

orleaflets radiatinglike fingers. Simple palmate leaves

have five lobes on a single leaflet. Sycamore leaves are
examples of simple palmate leaves. Compound palmate
means a palmate leaf where the lobes are divided thus

forming individual lea.flets.

Pappus: An adjunct to a seed that helps the seed to be

dispersedbythe wind. A dandelion seedhas apappusthat
acts something like a parachute, enabling the seed to be

blown a long distance.

Parasite: An organism that obtains food or shelter at the

expense of another organism, called the host. Many fungi
are parasites.

Pectin: A substance in some plant cells that, combined

with acid and sugar, forms a jelly. Pectin occurs in citrus

ftuit rinds such as oranges.

Pedate: Said of leaves that divide from a central point into

three main lobes, the outer two lobes dividing again into

smaller ones.

Perennial: A plant with a life cycle that lasts several years.

See also Annual.

Pericarp: The walls of a ripened plant ovary, often

consisting of three layers, the exocarp, the mesocarp, and

the endocarp. The three layers ofthe pericarp can be seen

distinctly in a peach or a coconut.

Pericycle: A thin layer of cells underneath the endo-

dermis that surrounds the phloem and the xylem.

Perithecium: The globular or flask-shaped body that
encloses the asci in some fungi.
Petal: One of the floral leaves that form the corolla. Petals

are often fragrant and brightly coloured to attract
pollinators.
Phloem: The vascular tissue that transports food from
the leaves to the stem and roots. The phloem is made up

of sieve tubes and other tissuesand occurswith thexylem.

Photosynthesis: The process by which plants convert
water and carbon dioxide into food in the presence of
sunlight, resulting in the release of oxygen.
Phyllotaxy: The arrangement of the leaves on a stem.

Pinnate: Said ofleaves that are arranged as a series of
leaflets on opposite sides of a leaf stem.

Pistil: The ovule-bearing organ of a seed plant. The pistil

comprises the stigma, style, and ovary of a flower.
Pith: The spongy cylinder of tissue in the centre of a stem

or trunk.
Plumule: The bud of an embryo that forms the stem and

leaves of a plant.
Pollen: Fine, powdery grains containing male repro-

ductive cells.

Pollination: Transfer of pollen from the anther to the

stigma.
Polyploid: Having more than two sets of chromosomes.

Positive geotropism: The tendency, as of plant roots,

to move and grow down into the ground.

Progenitor: A biologically related ancestor, parbicularly

the originator of a certain line of development.

Prothallium: The gametophyte generation of ferns and

related plants.

Protoembryo: The earliest form of an embryo.

Race: Any interbreeding group of organisms below the

species grouping. A particular strain of maize is an

example of a race.

r49



Radicle: The lower part of the embryo that forms the
root.
Resin: A substance in certain vascular plants that
hardens when exposed to air.
Respiration: The process in which a cell takes in oxygen

for energy and releases carbon dioxide and water.
Rhizoid: One of the rootlike threads in mosses, ferns, and

Iiverworts that anchor the plant and absorb water and

nutrients.
Rhizome: A rootlike underground stem that grows

horizontally.
Ribosome: A protoplasmic particle in which protein is

assembled from amino acids and genetic decoding is

performed.

Sap: The mixture of water, sugars, and minerals in plants.

Scale: A specialized leaf that encloses an immature leaf
bud.

Scion: A shoot, twig, or bud taken from one plant and

joined by grafting to another plant.

Seed coat: The outer covering of a seed.

Seed leaf: The first lea"f of a plant. See also Cotyledon.

Sepal: One ofthe floral leaves that lie outside the petals

of a flower and protect the reproductive organs as they
develop.

Sexual generation: The sexual, or gametophyte,

generation in the alternation of generations.

Sieve tube: A continuous series of cells in the phloem,

forming a tube that conducts food.

Slime mould: A type of fungus made up of a mobile
jellylike mass that reproduces by spores.

Soredium (pl. soredia): A group of algal cells surrounded

by fungal hyphae that acts as an agent of vegetative
reproduction in lichens.

Species: A group of organisms in a population that are

structurally similar and that can pass these similarities
on to their offspring through reproduction. A group of
related species forms a genus. See a\so Classification

system.

Sperm: A male reproductive cell.

Spike: An inflorescence in which the flowers are borne

directly on a long stalk.

Spore: A simple asexual unit of reproduction capable of
forming a new individual directly.
Sporophore: A fungus hypha specialized to bear spores.

Sporophyll: A modified leaf that bears a plant's spore

cases.

Sporophlte: The generation in the alternation of
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generations that produces spores.

Stamen: The pollen-bearing organ of a flower, consisting

of the filament and the anther.

Starch: A carbohydrate made up of sugars or made by
plants through photosynthesis.

Stele: The central core of roots and stems of vascular
plants, consisting ofthe vascular tissue, the pith, and the
pericycle.

Stem: The part of the plant axis that is usually above

ground and bears the leaves, the reproductive parts, and

the buds"

Stigma: The part of a pistil that receives the pollen.

Stipule: One of a pair of lea.flike or scaly structures at
the base of a leaf that protects the leaf as it develops.

Stock: A plant onto which the scion of another plant is
grafted.

Stoma (pl. stomata): A small pore in the epidermis

through which gases are exchanged in photosynthesis,

respiration, and transpiration.
Stroma: The supporting framework of a chloroplast,

containing the chemicals needed for certain photo-

syrrthetic reactions.

Style: The stalklike structure between the ovary and the

stigma.

Succulent: A plant adapted to live through periods of
drought by storing water in swollen leaves and stems.

Sucrose: A simple carbohydrate and the major plant

sugar.

Suspensor: In vascular plants, a suspensor is a group of
cells that grows into the nutritive tissues; in fungi, a
suspensor is a hypha that supports a reproductive cell.

Swarm cell: An amoeba-like cell in slime mould that
moves by means of a tail.
Symbiosis: A close relationship between two organisms

that live together that usually benefits them both.

Synergid: One of two haploid nuclei of unknown function
near the micropyle in the embryo sac.

Taproot: A main root structure that grows straight
downward in root systems with one primary root. Some

trees have taproots, as do vegetables such as carrots.

Thylakoid: A sac lined with a membrane containing
chlorophyll in the grana of chloroplasts, where photo-

synthesis takes place.

Tissue: In botany, cells that form the structural materials

of plants.

Tonoplast: The membrane that surrounds a vacuole in
a plant cell.



Transpiration: The passage ofwater vapour through a
plant from the roots through the vascular system to the
atmosphere.

Tuber: An enlarged or thickened underground stem or
root that contains a high concentration of starch. A potato
is a stem tuber.
T\rndra: A vast, flat, treeless plain in arctic regions. Plant
life in alpine regions frequently resembles plant life in
tundra areas.

Vacuole: A cavity in a cell that stores food and other
minerals.

Vascular: Provided with ducts or tissues that conduct
fluids.

Vegetative reproduction: A form of asexual reproduc-
tion in which parts of the parent plant detach and form
new individuals.

Xylem: Tissue made of vessels and woody fibres that
provides support and conducts water and nutrients
upward from the roots.
Zoospore: An asexual spore produced by certain algae

and fungi, capable of moving by means of a tail.
Zygospore: A thick-walled zygote formed by the fusion
of two similar gametes in conjugation.
Zygote: The cell produced by the fusion of a male and
a female gamete before it divides; also called the fertilized
egg.

As used in this volume, 1 billion : 1,000,000,000.
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