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THE WONDERFUL
WORLD OF PLANTS
Welcome to the world of plants. They’re marvelous
things, I’m sure you’ll agree—though you may be
surprised to ﬁnd out just how marvelous. But can

THAT’S AN EASY QUESTION to ask but not such a simple one to answer.
A green thing with leaves? Usually, but not always. Something that has ﬂowers and comes from a
seed? Mostly, but there are a good 30,000 kinds of plants that don’t come from seeds. Something
that grows in the ground? Again, lots of plants do, but there are some that spend their whole
lives perched high up on other plants and others that ﬂoat in water or cling to rocks.
In fact plants are a hugely variable group. There are tiny ones and huge ones—some plants are
the biggest living things on the planet by far. There are plants that live for a few weeks and others
that can survive for thousands of years. There are plants that shoot out their seeds at 155 miles/250
kilometers an hour, ones that eat animals, and ones that steal all their nourishment from other plants.
One thing we can certainly say about plants is that they are smarter than we might think. They
ﬁght one another and sometimes help one another out, communicating in ways we are only just
beginning to understand. They form alliances with fungi and microbes and have evolved all kinds of
cunning ways to trick animals into working for them. They have also evolved lots of clever ways to
avoid being eaten by animals, and some actually trap and eat animals themselves.
But perhaps the most important thing about plants is that we are utterly
dependent on them. Without them, and in particular the one thing that
they (almost all) do, we simply wouldn’t be here at all.

THE MOST
IMPORTANT REACTION
Plants are remarkable for all sorts of reasons. But they
are probably most remarkable for the fact that they can
create themselves pretty much out of water and thin air.

U

SING A PROCESS known as photosynthesis, most plants harness
energy from sunlight to combine carbon dioxide (which is composed of carbon

and oxygen) with water (composed of hydrogen and oxygen) to make large, complicated
chemicals known as organic molecules. These are, literally, the stuﬀ of life.
Like other living things, plants are formed of cells—bags of living matter called
cytoplasm surrounded by a membrane, all made out of organic molecules. Photosynthesis
takes place inside special bodies in the cytoplasm called chloroplasts. For chloroplasts
to work, the cells that contain them need to be exposed to sunlight. This is essentially
what leaves are: chloroplast-rich cells arranged to capture the maximum amount of
energy from the sun. For photosynthesis
to take place, carbon dioxide and water
have to reach the chloroplasts. Carbon
dioxide exists as a gas in the atmosphere
and enters leaves through little openings

We are totally
reliant on plants for
food and energy.

called stomata. Water, which plants need
for more than just photosynthesis, is usually absorbed from the ground through
roots and transported to the leaves in special channels inside the plant.
The molecules produced in the chloroplasts are carbohydrates—a combination
of carbon, oxygen, and hydrogen. Other processes in cells turn these into organic
molecules that are needed for life, chieﬂy proteins and nucleic acids (RNA and DNA).
These contain additional chemical elements, most importantly sulfur, phosphorus, and
nitrogen, which plants get from soil.The organic molecules produced by photosynthesis
are incredibly important and are used by a host of living things.
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PHOTOSYNTHESIS

Plants harness energy
from the sun to combine
carbon dioxide with water.
This allows them to produce
carbohydrates that provide
them with energy.

Stoma on upper side
Cuticle
Upper epidermis
CROSS SECTION
OF A LEAF
The outer layer of a leaf is
the cuticle. This waxy layer
helps to prevent water
loss from a process known
as transpiration. In some
plants found in dry regions,
this layer is very thick,
which ensures that as little
water as possible is lost
from the leaf.

Palisade layer

Spongy mesophyll

Vein
Lower epidermis
Stoma on underside

SUNLIGHT

Chloroplasts can change position
within the palisade cell to alter
the amount of light they are
exposed to. In weak sunlight,
they cluster at the top of the cell,
which maximizes their exposure
to the light; in strong sunlight,
they shelter behind one another.

Cell wall
Cell membrane
Cytoplasm

UPPER EPIDERMIS AND
LOWER EPIDERMIS
In addition to the cuticle, leaves
are protected by the epidermis,
a layer of cells on the outside
of the plant. The cells here are
tightly joined and contain waxy
compounds, making a barrier
that protects the leaf against
water loss, mechanical damage,
and diseases.
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WEAK
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Chloroplast contains lots
of chlorophyll, a pigment
that absorbs light energy
and is essential for
photosynthesis.

Chloroplast

CHLOROPLAST
Outer membrane
Inner membrane
Stromal lamella
Thylakoid
Stroma
Chloroplasts in
weak light

Chloroplasts in
strong light

Starch/Sugar

CYCLING CARBON
Plants don’t just make the world’s food through
photosynthesis. They produce the oxygen we need to
breathe and play a vital role in regulating the Earth’s

U

SING PHOTOSYNTHESIS, plants make the organic molecules
that nonphotosynthesizing organisms—and that includes all animals, even

humans—need as food. But there’s more to it than that. All the oxygen in the
atmosphere is also the result of photosynthesis. It’s good that it’s there because
most living things, including plants themselves (and humans), depend on it to survive.
It’s used to release the energy that cells need from organic molecules in a process
known as aerobic respiration. In addition to releasing energy, aerobic respiration
produces carbon dioxide and water. It is essentially photosynthesis in reverse and is
very similar to what happens when you burn wood, coal, or oil.
So, plants operate on a kind of cycle, taking

Carbon moving

carbon dioxide from the atmosphere and, along

around the Earth

with animals, fungi, and other living things,

enables us to live
and grow.

releasing it again as they respire.All this forms
one vital part of the carbon cycle, the immensely
complicated system by which carbon moves
around diﬀerent parts of the Earth, from high

in the atmosphere to deep below its crust.
The carbon cycle itself plays a hugely important part in regulating Earth’s climate.
That’s because carbon dioxide is a greenhouse gas—it traps a high proportion of the
heat that reaches us from the sun in the atmosphere, which means that the more
carbon dioxide there is, the warmer Earth gets. Photosynthesizing organisms do an
amazingly good job at limiting the amount of carbon dioxide in the atmosphere, which
in turn moderates the climate. We humans have disrupted this system by burning
fossil fuels that have released vast amounts of carbon dioxide into the atmosphere in
a very short space of time, causing the planet to overheat. It’s essential that we reduce
our carbon output to restore
estore balance to the cycle.
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THE CARBON CYCLE
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THE PLANT
FAMILY TREE
Modern-day plants may vary hugely,
but they have one thing in common: they are all
descended from a single ancestor that colonized
land sometime over 450 million years ago.

P

LANTS ARE very good at photosynthesis, but they didn’t invent it.
Water-dwelling bacteria did that, more than two billion years ago. Their direct

descendants, called cyanobacteria, are still the main photosynthesizers in the oceans.
After bacteria came various kinds of aquatic
algae. Then, probably around 475 million years

Today’s plants

ago, at least one and probably several forms

evolved from

of algae evolved to live on land. One was the

water-dwelling

ancestor of all later land plants.
The ﬁrst land plants were tiny, low-growing

bacteria.

plants that lived in damp places; they probably
looked something like modern-day moss, liverwort, or hornwort. They reproduced
using spores—single cells with a toughened coating that could be blown by the wind
or splashed around by the rain. At some point more than 420 million years ago, one of
these early land plants gave rise to plants with specialized structures for transporting
water and nutrients from one part of the plant to another. These were the ﬁrst vascular
plants. Quillworts, which grow in water, and a type of moss called sphagnum are directly
descended from these and are probably little changed in appearance.
Later still, plants with stems, roots, and, in many cases, leaves appeared, among
them the ancestors of today’s ferns. At some stage, one of these gave rise to plants
with a revolutionary way of reproducing: using seeds instead of spores. The original
seed-bearing plants evolved into a number of diﬀerent forms, including the ancestors
of modern-day conifers and cycads. These took over from ferns as the dominant plants
on land. Then, perhaps sometime around 140 million years ago, something else entirely
new evolved from one of these: plants with ﬂowers.

10

TER LILIE
WA
S

G N O LI A S
MA

N I F ER S
CO

MO

KGOS

CYCADS

OWERING P
FL

LA

NT

140 MYA
(Lower
Cretaceous)

100–120 MYA
(Upper
Cretaceous)

ER

130 MYA
(Lower
Cretaceous)

OTH

G IN

NOCOTS

S

O

PH

Y TE – H or

TE

R ID

O PH Y T

ES

n

rt
wo

BR
Y

P

350 MYA
(Late
Devonian)

365 MYA
(Late
Devonian)

P
YO

H Y TE – M

420–400 MYA
(Late Silurian/
Devonian)

o
ss

BR

O P O DS
LYC

Y TE – Live

r

VASCULAR PLANTS

t

These dates
are estimates.
MYA = million years ago

O

PH

r
wo

BR
Y

420 MYA
(Late Silurian)

SEED PLANTS
FLOWERING PLANTS

THE SECRET LIFE
OF FLOWERS
As with animals, by far the most common way that
plants reproduce is through sex. Sex is when two
cells, usually of very different sizes, fuse
together to form a new cell.

I

N FLOWERING PLANTS, all this happens in the ﬂowers themselves.
The small cells, known as sperm cells, develop in pollen, which is produced in

organs called anthers. The large egg cells develop in ovules in a diﬀerent part of the
ﬂower called the carpel. The carpel has an elongated part, the style, that opens out
into an area called the stigma.
In most ﬂowering plants, fertilization goes something like this: A pollen grain lands
on a stigma. It absorbs water and swells up, sending out a tube that goes through the
stigma and down the style until it reaches an ovule, which it enters through a tiny
opening. Meanwhile a cell in the pollen tube divides to form two sperm cells that
don’t have outer membranes. These move down the tube into the ovule. One of them
fertilizes the egg cell. This fertilized egg cell is called a zygote, and it will start to grow
into an embryo. The other sperm cell fuses with more cells in the ovule and forms
something called an endosperm. This serves as a food store for the embryo when it
starts to grow.
Of course, a pollen grain has to land on

A stigma is often

a stigma for all this to happen in the ﬁrst

hairy or sticky,

place. Many ﬂowers have both anthers and

effective for

carpels, so you might think this would be
easy. However, it’s generally much better
if fertilization takes place between diﬀerent
plants of the same kind. Somehow pollen has

to get from one plant to another. There are several ways this can happen, but by far
the most signiﬁcant is through animals, especially insects, and, above all, bees.
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