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Background

What happens to a birdhouse if you hang it on a
tree and come back in two years? Will it be at the
same height or out of your reach because the tree has
grown? (Figure 1)

By the end of this article you will be able to
answer this question and others about how trees grow.

This publication is for those who love to plant
and grow trees. Of course, trees grow the same way
in the city asthey do in the country (physiologicaly
speaking), but we will emphasize tree growth in cities
and discuss factors of the urban environment that
affect this growth.

What is tree growth?

To set the stage for our discussion of tree growth
we must review some terminology.

Trees have six organs. These are: leaves, stems
and roots (known as vegetative structures) and
flowers, fruits, and seeds (known as reproductive
structures). We will discuss vegetative growth--that
isthe growth of leaves, stems and roots. Tree growth
istheincrease in size and numbers of leaves, stems,
and roots.

What kinds of trees will we be talking about?

Trees are seed plants--that is they reproduce by
seed. They are classified into Gymnosperms and
Angiosperms. Gymnosperms are trees with seeds that
develop on the surface or tip of an appendage such as
acone. Examples are cypress and pines. Angiosperms
are trees with seeds borne within structures such as
fruits (the seed is enclosed). Examples are oaks,
elms, maples and pams. We are going to be
describing growth of both gymnosperms and
angiosperms. Also, since we livein Florida, there's
one more division that is necessary and that is among
angiosperms. Palms are angiosperms--but they are
different than oaks, maples and elms, because palms
are monocots and are related to grasses. Oaks,
maples and elms are dicots. So we will first talk about
growth of gymnosperms and dicots; then because they
grow very differently, we will have a special section
on palms.

What controls growth?

Tree growth is aresponse to the environment and
to its genetic make-up ( Figure 2).

The environment is made up of such factors as
water, light, temperature, air, pests and cultural
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Figure 1. If a birdhouse is hung on a tree, will it move up as
a tree grows?
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Figure 2. Tree growth is influenced by both the
environment and genetics.

practices. These all impact physiological processes
such as photosynthesis, and the final response is that
the tree grows vigorously or slowly. A tree's genetic
make-up a so influences the way atree grows.
Genetics means what speciesit is, what seed source

or variety (did it come from south Florida or North
Carolina?), and which family (who were its
parents?). These genetic characteristics along with its
environment determine how atree grows. For
example, the longleaf pinein Figure 3 is growing
quite well. Its genetic make-up and its environment
are obviously compatible and favorable to growth.
Yet, Figure 4 shows another longleaf pine whichis
not doing so well. Isthis dueto its
environment--shade, water, fertilizers, etc. or due to
its genetics? It's difficult to separate out effects of
environment and genetics but we can definitely
conclude that they are impacting growth of these two
trees. We will talk more about the environment and
genetics at the end of the publication in the section,
"Some examples of the urban environment
influencing growth".

Figure 3. A longleaf pine responding well to its
environment.
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Figure 4. A small tree showing the terminal bud (which
contains the apical meristem), leaves which have
enlarged, and the area of stem expansion between the
leaves.

Where does growth occur?

Growth occursin meristems. A meristemisa
tissue that contains cells which have the capacity to
divide to make new cells. In general, during growth
cellsdivide, cells elongate, and cells differentiate into
structures such as roots and shoots ( Figure 5).
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Figure 5. In general, during growth cells divide, elongate
and differentiate.

Meristems can aso produce new
meristems--these are called primordia. For example,
an apical meristem in abud produces new meristems

called leaf primordia--each single primordium will
grow into anew leaf. Root primordia grow into new
roots.

Growth above ground

Tree growth above ground includes shoot
elongation (height growth), leaf growth, and diameter
growth.

Shoot elongation

Shoots elongate or grow in height at the tips of
the branches ( Figure 6 ). Apical meristems are
located in the terminal buds at the tips of the
branches. What happensis--cells at the apical
meristem divide, elongate and differentiate. The steps
that we can see are: (1) The bud at the tip of the
branch opens, (2) Leaves emerge and enlarge, and
(3) The area between the leaves expands (i.e., the
stem grows). Lateral (side) buds grow in the same
way but often these are dormant and do not grow until
they are released after such activities as pruning.

Terminal bud \

Figure 6. A small tree showing the terminal bud (which
contains the apical meristem), leaves which have
enlarged, and the area of stem expansion between the
leaves.

Leaf growth

On the surface of the apical meristem in the bud,
anew meristem isformed. This new meristemis
called aleaf primordium, and thisis where cells
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divide and grow to form aleaf. Several meristems on
aledf influence leaf shape ( Figure 7).
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Figure 7. Each leaf has meristems. Rapid cell division at
these meristems determines the final leaf shape.

Soon after leaves develop, a new bud
primordium (meristem) isformed at the base of each
leaf stem. Once formed, this axillary bud has the
capacity to become a branch, but may lie dormant for
many years.

Diameter growth

Between the wood and bark is athin layer of
dividing cells called the vascular cambium. This
vascular cambium is a meristem which isonly afew
cellsthick. This meristem divides, creating wood on
the inside and bark on the outside ( Figure 8).

Figure 8. The vascular cambium produces wood on the
inside and bark on the outside.

Layer by layer these new cellsincrease the
diameter of the trunk and branches. The wood cells
are called "xylem" which means wood in Greek; they
carry water and minerals up from the roots. The bark
cells are called "phloem™, meaning bark in Greek.
These cells carry sugars and other materials produced
by the plant.

Annual rings

New layers of wood are added each year between
the bark and the previous year's wood. These are
called growth or annual rings and may be used to age
atree.

In most parts of Florida, annual ringsvary in size
and thickness according to the season that they are
formed ( Figure 9).

Figure 9. Annual rings vary in size and thickness according
to the season when they are formed.

Céllsthat are produced in the spring are larger
with thinner cell walls. These are the light-colored
rings, and the wood is called "early" or "spring"
wood. Cells produced in the summer are smaller, and
this"late" or "summer" wood has a higher density and
darker color.

Bark

All woody trees have bark which protects the
tree from pest attacks and environmental impacts
such as fire and mechanical injury. Some trees have
thick bark that isresistant to injury. Others are easily
injured because they have thin bark. Why does bark
have ridges and cracks? Asthetree growsin
thickness, the outer part has to give, forming ridges
and cracks. Eventually the outer bark sloughs off (
Figure 10).

Growth below ground

Roots can grow in length (root elongation) and
diameter, and new lateral roots can form.
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Figure 10. As a tree grows in diameter the bark cracks and
may eventually slough off.

Root elongation

At thetip of aroot istheroot cap ( Figure 11).
This cap protects the root and it must be constantly
replaced as it pushes through the soil. Behind the root
cap is ameristem which produces new cells for the
root cap and for root elongation. These new cells
elongate, divide and differentiate into root parts. The
root grows in length and pushes through the sail.
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Figure 11. A root tip showing the meristem which produces
new cells for root elongation.

Root diameter growth

Many people don't think that roots grow in
diameter, but they do! And root diameter growth is
similar to growth in the stem with the vascular
cambium producing wood (xylem) and bark
(phloem). A couple differences between root and
shoot diameter growth are: (1) cambial growth is
much more irregular in roots resulting in roots that
areoval or irregular in cross section, and (2) thereis
greater variation in diameter with age and with
horizontal roots compared to vertical roots.

New root growth

Roots can also grow new lateral roots that form
and branch off the main root. Some cellslocated in a
layer inside the root produce a new root primordium
(Figure 11). This new meristem divides and
elongates pushing the root out through the parent
root. A new lateral root is formed and growsinto the
soil.

Palms

There are two major points to be made about
palm growth: (1) Palms only have one terminal
growing point, and (2) Palms do not grow in
diameter as they age. We will talk about how palms
grow taller and grow roots and how the one bud
influences their form compared to other trees.

Shoot Elongation

The apical meristem liesin adepression at the
crown of the stem ( Figure 12 ). Within this meristem
is asoft mass of leaves and leaf bases. In this crown
there is continuous production of leaf meristems
(primordia). There may be up to 50 meristems in the
apex. The leaves grow in sequence with one |leaf
emerging as a spear at atime. The meristem at the
base of the leaf causesthe leaf to elongate, grow
bigger and thicken and eventually equal the diameter
of the pam stem.

Root growth

Root growth occurs near the root cap just asin
gymnosperms and dicots. However, just like shoot
growth of the stem, thereis no diameter growth of
palm roots. The roots remain the same diameter for






