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Trees are the tallest and largest free-standing organisms on earth. It is thought that there
are between 60,000 and 100,000 tree and shrub species in the world, the difference being
a reflection of the difficulty of defining a “tree”. In this guide, we have used the definition
that ‘a tree is regarded as a plant that has a self-supporting perennial woody stem’, which
covers everything from a tiny dwarf willow to a towering giant redwood, and we don’t
worry about the distinction between shrubs and trees.
Trees enrich our daily lives in countless ways, however they are so much a part of our surroundings
that we subconsciously assume we know them well. Yet hidden in their roots, their bark, their leaves,
their flowers and fruits are many marvels to be discovered and puzzles to be solved.
Understanding a tree’s biology will help Tree Wardens learn what trees need to grow and what
may cause them to decline in health and vitality.
It’s important to understand what species a particular tree is as this will impact its biology. Tree
identification is a core skill which can take many years to refine. You can find a series of useful
resources to help you on The Tree Council website.
The key topics covered in this module are:
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1. Parts of a tree
The three key parts of a tree and their functions are:
The roots anchor the trunk and crown of the tree and make them stable. They also take up
water and nutrients from the soil and serve as a store for carbohydrates.
The trunk, branches and stems of the tree give the tree height so the leaves can capture as
much light energy as possible. They form the structure that connects the roots to the leaves
and the system which transports water and nutrients from the root system to the leaves, and
vice versa.
The leaves are the food producers, using energy from the sun to create fuel for the tree. Filled
with chlorophyll and working as solar panels, they capture light energy so photosynthesis can
take place.

Parts of a Tree

3
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2. How a tree functions
The four key processes that enable a tree to function are:
1. Photosynthesis

3. Osmosis

2. Respiration

4. Transpiration

2.1 Photosynthesis
The energy of the sunlight then becomes
trapped in these chloroplasts where, together
with the absorption of carbon dioxide and
water, it is converted into chemical energy
in the form of glucose. In the process of
glucose formation, oxygen is released.

Photosynthesis takes place in the leaves and
it is the process all plants use to turn light
energy from the sun into carbohydrates
(energy). Leaves contain cells called
chloroplasts filled with the green pigment
chlorophyll, and it is this that gives plants,
trees and algae their green colour. It is the
chlorophyll that absorbs sunlight.
This can be illustrated by this simple equation:

Carbon
Dioxide

Water

Light
Energy

Sugar

Oxygen

Some of the glucose that is produced is used as energy to enable the tree to grow, whilst
some is stored to provide the energy needed for various functions, such as the ability to break
dormancy, heal wounds and to be available as fuel for growth, defence and reproduction.
Excess oxygen is released as a by-product.
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2.2 Respiration
Respiration takes place in all the living cells
of a tree including those in the leaves and
the roots. It does not require light and can
therefore take place at any time of the
day or night. Respiration is the process
whereby the energy stored as glucose during
photosynthesis is combined with oxygen, to
produce useable energy. Carbon dioxide and
water are released as a by-product.
This can be illustrated by this simple equation:

The process of Respiration and Photosynthesis
© Sophie Smith / The Tree Council

It is important that a tree’s roots are kept
free from compaction and waterlogging, as
these can impair the function of the roots
to take up oxygen, reducing their capacity
for respiration and so also affecting a tree’s
ability to convert glucose into energy.
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2.3 Osmosis
The movement of water and minerals from the soil into the roots occurs by a
process called osmosis.
Osmosis is the movement of water through a semi-permeable membrane
from a region of high concentration of water molecules to a region of lower
concentration with the result that concentration of water molecules becomes
equal on both sides.
The roots of a tree contain
minerals and sugars which
lower the water concentration,
so water molecules move into
roots from the surrounding soil
where the water concentration
is higher. The roots have thin
walls and many elongated hairs
to increase the surface area,
maximising the amount of
water absorbed.

The process of osmosis
© Sophie Smith / The Tree Council

Conversely, if the concentration
of water molecules is lower in
the surrounding soil than in the
root cells, water will move out
of the roots and into the soil.
This is called reverse osmosis
and can be detrimental to a tree
causing it to lose water. This can
occur when the soil contains a
large amount of minerals e.g., an
overuse of fertilisers or salting
of roads in winter. See Tree
Warden Learning Guide, ‘Tree
Threats and Challenges’ for
more information.
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2.4 Transpiration

The process of transpiration
© Sophie Smith / The Tree Council

Transpiration is the movement of water and
nutrients around the tree.
Through this process, water ultimately
evaporates from the leaves through openings
called stomata, effectively pulling up all the
water molecules behind it inside the tree’s
water system. This pulling action draws water
and nutrients up through the roots (osmosis),
through the trunk, into the leaves and out
through the stomata.
During the growing season, water and nutrients
are constantly flowing around a tree’s system.
The tree’s network of small vessels ensures a
constant flow of water and nutrients which
enable the tree to live and grow.
If the process fails to provide water to any point
of the tree, such as a snapped branch, it will
eventually die from lack of water and nutrients.

The processes of osmosis and transpiration working together
© Sophie Smith / The Tree Council
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3. How trees grow upwards
and outwards
Trees grow upwards in height and outwards from the buds, this is known as apical growth.
At the same time the trunk, branches, twigs and roots get thicker, growing outwards through
radial growth.
Amazingly, despite being some of the largest living things on the planet, only about 1% of
a tree is actually alive and made up of living cells. This living portion of the tree is found
beneath the bark and is called the cambium layer. The remaining 99% is made up of nonliving woody cells which give the tree its structure.

3.1 Apical bud growth
A tree’s height and the growth of its branches starts with the buds. The cells divide (mitosis)
and extend at the base of the bud to create the upward and outward growth at the tips of
the branches in the tree’s crown.
This process can be seen in three distinct stages:
1. The bud at the tip opens
2. The leaves emerge and enlarge
3. The area between the leaves expands and the stem grows
This final stage is often visible when you look closely at a twig and its extension growth.

This year’s growth

Last year’s growth
Previous year’s growth

Branch showing three distinct years of growth
© Simon Scotting
Branch showing
extension growth
© Simon Scotting
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The pattern of apical bud growth provides a good general indicator of a tree’s growth in
previous years and can form part of a more detailed assessment by a tree consultant of the
overall health and condition of a tree.
A tree’s genetics dictate its speed of growth and height, but this will also be affected by the
tree’s immediate environment and factors such as light, exposure to wind, competition from
other trees and soil conditions.

3.2 Development of the root system
There is a common misconception that the
roots of a tree are a reflection of its trunk
and branches. Instead, a tree’s roots system
is surprisingly shallow, dominated by long,
relatively thin lateral roots spreading out close
to the soil surface rather than by a deeply
penetrating taproot, resembling a wine glass
sitting on a dinner plate.
When a seed germinates, it has a tap root
which initially grows vertically downwards,
providing the soil conditions are suitable and
the ground is not too hard. In the first two or
three years, the tap root grows downwards
rapidly but its growth slows with the tree’s
age, and it eventually declines. Tap roots can
also disappear as a result of root rot, failure
to penetrate hard or compacted soil, or even
because of nursery undercutting (for more
information see Tree Warden Learning Guide
‘Tree Planting’).
However, side roots start to form almost
immediately and spread out to create the
main anchor for the tree, providing essential
structural support. Bending and swaying of
young trees in the wind encourages the growth
of these fibrous roots creating a foundation
of support for the growing tree. Therefore it’s
important, when planting trees with stakes and
ties, to allow an element of movement.

A tree’s root system is surprisingly shallow and
grow beyond the extent of the tree canopy
© Sophie Smith

Most roots are found close to the soil surface
with 90% or more of all roots located in the
upper 60cms of the soil.
Whilst the typical depth of tree roots is
usually overestimated, root spread is often
underestimated as it is commonly believed
roots only extend to the branch spread (drip
line). However, roots can grow for some
considerable distance beyond the branch
spread, in some cases extending outwards
for a distance equivalent to at least the tree’s
height and, in some cases, up to three times
the tree’s height.
Even when meeting obstacles and physical
barriers in the soil, such as kerbs or building
foundations, roots will tend to grow around
them, taking the line of least resistance, often
resuming their original direction of growth.
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3.3 Bark and cambial growth

Name
Outer bark

Description
This is the protective layer which
covers the trunk and branches.
It is made up of dead phloem cells
which have been pushed outwards
from the inner bark layer.

Inner bark

This is also known as the
phloem layer.
It is a network of tubes through
which nutrients move around
the tree.
The cells in this layer are shortlived. As they die, they are
pushed outwards and become
part of the outer protective
layer of bark.

Function
The outer bark protects the
tree from cold and heat and is
a defence against insects and
moisture loss during dry periods.

The phloem carries nutrients to
other parts of the tree including
the roots. The nutrients are in
the form of sugars which are
created in the leaves during
photosynthesis.

Tree Biology

11

3.3 Bark and cambial growth (Cont.)
Name
The vascular
cambium cell layer

Description
This is the ‘growth’ part of the
tree, where new bark and new
wood are produced. It is a thin
layer of living tissue that responds
to the presence of a hormone
called Auxins to create new
phloem and xylem cells.

Function
To grow the tree through the
production of new wood and
new bark.
The xylem has four main
functions:

Phloem cells are pushed outwards
and in turn create the inner and
outer bark layers (see above).

Transport of water and
minerals taken up in the root
system

Xylem cells are produced inwards
and in turn create sapwood (living
xylem cells) and heartwood (dead
xylem cells).

Providing support for the
weight of the tree

The hormone Auxin passes
through the tree in the phloem
layer along with nutrients in the
form of sugars which are produced
in the leaves. From the moment a
tree develops new leaf buds in the
spring, Auxins are being produced,
kick-starting new growth.
As new wood is created each year,
concentric ‘growth rings’ form.
The wider the growth ring, the
faster the rate of growth.
Growth rings can help in
estimating the age of a tree and
are most easily visible once the
tree has fallen and a section of the
inner trunk can be examined.
The scientific name for the study
of dating tree rings is called
Dendrochronology.

Storage of energy reserves
Defence against disease
and decay
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3.3 Bark and cambial growth (Cont.)
Name
Sapwood

Description
This is the new wood layer,
which is continually growing.
Living xylem cells are produced
inwards from the cambial cell
layer and create sapwood.

Function
Transportation system – to carry
water from the roots to the rest
of the tree up to the leaves.

As new rings of sapwood are
created the older rings lose
their function and eventually
become heartwood.
Heartwood

This is the central pillar of the tree
and is composed of dead xylem
cells from the sapwood layer.
It is comprised of hollow, needle
like cellulose fibres bound
together by lignin, a powerful
chemical glue which enables the
trunk to support the vast weight
of the tree.
Despite being dead, it will
remain strong as long as the
outer layers are intact.

A tree’s outer bark has to be robust to protect the vital inner bark. If a tree’s inner bark is
removed or damaged, it will not be able to produce new cells in the area where bark has been
lost. The xylem cells which are responsible for transporting will then dry out and a wound will
develop that may form into a cavity over time. This could allow the colonisation of the exposed
sapwood by fungal species, requiring energy from the tree to defend and repair itself.
If the inner bark layer is removed in a ring around the whole trunk, then the tree will die as the
xylem will no longer be able to carry water to the upper part of the tree, where it is needed in
the leaves for food production.
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3.4 The Balance of Energy
To maintain growth and good health, a tree
utilises two types of energy:
Stored energy in the form of starches in
the living xylem of the trunk, branches,
stems and roots
Kinetic energy which is used to power
its growth during the growing season.

Bowthorpe Oak Tree, one of the 50 Great British Trees
© The Tree Council

To maintain good health, a tree needs to
keep its energy ratio in favour of stored
energy. A tree needs more stored energy
than kinetic energy. Trees use particularly
large amounts of stored energy at two
points in the year: in the spring, when the
buds are breaking and the autumn when the
leaves are falling.
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When a tree has been damaged, stored energy is also used to create a wound wood (this is
called occlusion) to protect its outer layer and stop the spread of decay.

Partially occluded wound
© Simon Scotting

Fully occluded wound
© Simon Scotting

As the tree grows and goes through the various stages of its life from young, mature to
ancient tree, the speed with which the tree grows slows down, as will the amount of energy
reserve it has available. If, at any point in its life, it gets near to a ratio of 1:1 between stored
and kinetic energy, it will react by cutting back on growth to survive.
In temperate zones like the UK, the trunk and the crown of a young tree increases in size at
around the same rate. In the mature phase, which is generally around 40-100 years, the trunk
continues to grow in height, but the rate at which it increases in girth will decrease.
When the tree reaches old age, it will not attempt to maintain all its tissues as functional
living areas but will begin prioritising the amount of energy it uses to both protect and
continue to store its energy. As a result, sections of the tree become non-functional or
surplus to requirements, with the most common example being the heartwood; the central
section of the main trunk, stems, and branches.
Branches that are constantly shaded, such as those in the centre of the crown, have low
photosynthetic value. The tree may therefore shut down the phloem and xylem vessels which
provided those areas with nutrients and that area of the tree dies, creating deadwood.
As a tree ages, it naturally ‘retrenches’ or shrinks as growth reduces. This lessens the distances
needed for water and nutrient transport and enables the tree to survive. These are natural
processes and are not necessarily an indicator of ill health or decline.
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Indications that a young tree is cutting back
on its energy prematurely may be visible
through symptoms such as dieback or sparse
leaf coverage in parts of the crown, and/or
creation of significant amounts of deadwood.
Certain environmental conditions may
lead to an imbalance of a tree’s stored and
kinetic energy, or insufficient stored energy.
These may include a lack of nutrients in the
soil, drought, pests, and diseases reducing
leaf density.

Retrenched tree
© Mike Higgins

Understanding a tree’s energy balance
can be useful to Tree Wardens to explain
symptoms of reduced vitality, stress, or the
ill health of a tree.

4. How a tree reproduces
Trees reproduce sexually through the exchange of pollen between male and female
reproductive systems, or asexually through vegetative reproduction.

4.1 Sexual reproduction – pollination
As with all plants, trees produce seeds. The production of seeds by a tree can either be a
sign of a tree reaching maturity or the production of seed out of line with usual patterns can
indicate the tree is stressed.
Different species of tree are either dioecious or monoecious.
Monoecious trees have male and female flowers on the same plant. Examples include
oak, pine, birch and hornbeam
Dioecious trees either have male or female flowers. Examples include willow, cedar, yew
and mulberry
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Sexual reproduction, known as pollination, relies on pollen getting from the male
reproductive organs of the flower (the anther) to the female reproductive organs (the
stigma). In the UK, tree pollination relies on wind dispersal and insects.
To avoid self-pollination, where a tree’s pollen
fertilises its own female flowers, which would
not be good for the long-term genetic health
of a species, trees have developed strategies
to avoid this. In monoecious species which
carry both male and female reproductive
parts, the common way of preventing selffertilisation is for the pollen to shed before, or
after, the female reproductive organs on the
same tree are receptive. This ensures that the
pollen is moved to a different tree and explains
why population of trees flower over a few
weeks during the spring, with each individual
tree flowering at a slightly different time to
maximise their chances of spreading their
pollen and receiving pollen from another tree.
As a result of pollination, a seed is produced
which will be dispersed. If the environmental
conditions are right it will germinate to
become a seedling. This seedling’s genetic
make-up will reflect both its parents.

Both male and female flowers
(catkins) on a birch tree.
© Jon Stokes

Wind pollination
This may seem a rather hit and miss method, given that the pollen may not reach another
tree if it is not growing close by. However, trees have clever strategies to increase their
chances of success, including:
Producing large amounts of pollen (as hayfever suffers will testify).
Produce catkins that dangle from their branches so that pollen is easily shaken loose
in the wind. e.g. birch, hazel and willow.
Flowers that emerge before the leaves as a clever way of allowing their pollen to
travel further away from the parent plant without the obstruction of the foliage.
e.g. hazel and willow.
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Insects and animals as pollinators
Trees that rely on insects and/
or animals to pollinate need to
advertise themselves to attract
moths, bees, butterflies and
birds.

Blackthorn blossom
© Sam Village

Trees use the shape, colour, and
scent of its flowers to attract
and reward different types of
pollinators. Flowers need to
have the right fragrance with
suitably positioned anthers for
the pollinator to reach and the
right amount of nectar available.
If a tree has too much nectar
available, the insect won’t need
to visit another flower and so
won’t deposit the pollen.

Fruits and seeds
Once the seed has developed, this may
either drop to the ground or be eaten off
the tree by birds and other animals.
Some seed may take root if it falls close to
the parent tree. Other seeds may be eaten
by birds and animals and spread further
afield as they move on and defecate.
Other seeds are wind-borne, like the winged
seeds of maples and sycamores and have
evolved, like pollen, to be carried on the
wind further away from the parent tree.

Sweet Chestnut
© Mike Higgins
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4.2 Asexual reproduction – vegetative reproduction
Trees can also reproduce asexually and self-propagate by means of:
Layering
Suckering
Through the cultivation of cuttings
If a ‘new’ tree is produced in this way, it will be genetically identical to its parent. This is also
known as vegetative reproduction.
Not all trees can self-propagate, but it is the ability of trees to do this that has allowed
humans to intervene to take cuttings to produce more plants or to select desired
characteristics of the parent plant such as larger fruit or more colourful flowers.
Layering
Layering has evolved as a way
of reproducing for numerous
species. This is when a long low
branch makes contact with the
ground or a tree falls and takes
root. Many trees survived the
great storm of 1987 through
this survival mechanism.
A phoenix tree – this ash is regrowing despite catastrophic root failure.
© Mike Higgins

Sometimes, mature trees respond to falling over or snapping by sending out side-branches
from the now-horizontal main stem. These branches then grow vertical and become new
trees. These are poetically known as phoenix trees for the way they achieve new life out of
what could have been the death of the tree.
By mimicking this natural ability, several species can be artificially layered. This is a common
way of managing and producing more stools of hazel and willow coppice. A shoot is pegged
to the ground and covered with soil. The bent shoot will form roots during its first growing
season, after which it can be separated from the parent plant by cutting through the shoot.
The layer is then usually left for a further season to establish itself.
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Suckering
Suckers are growths that appear from the
root systems of many trees and shrubs.
Poplars, elms, and blackthorns for example
have shallow roots which produce shoots
that develop into trees. These suckers can
be separated from the parent tree and be
replanted. They often appear as a response to
root damage resulting from mowing, digging,
and forking around trees.

Suckering elms
© Jon Stokes

Cuttings
This is a common way of taking smaller
sections of stem to grow a new tree.
Depending on the time of year the cutting
is taken, they can be propagated under
glass or planted into the soil immediately.
Because it is a form of asexual reproduction
the tree will be an exact copy (or clone) of
the parent tree.

This can be particularly useful in improving
timber quality in the forestry industry and can
help in the research into the genetic identification
of disease-resistant trees. With continuing threats
to our tree populations, this research can be used
in the development of breeding programmes
in the fight to produce tree populations that
are resistant to pests and diseases such as ash
dieback and Dutch elm disease.
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Where to find out more
Printed publications
Tree Biology
Trees: Their Natural History – Peter Thomas
Applied Tree Biology – Andrew D. Hirons, Peter A. Thomas
The Reference Manual of Woody Plant propagation – Michael A. Dirr and
Charles W Heuser, Jr
Botany for Gardeners – Brain Capon
Principles of Horticulture – C.R Adams, K.M Bamford and M.P. Early
RHS Propagating Plants – Alan Toogood
Trees: A Complete Guide to Their Biology and Structure - Roland Ennos

Online resources
Photosynthesis (Source: BBC)
Tree roots (Source: BBC)
Ancient trees (Source: BBC One, YouTube)
Transpiration (Source: California Academy of Sciences, YouTube)
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