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nut. Hazel trees evolved to disperse their seeds by wild herbivores, squir-
rels and others, as winter reserves to be buried. As long as the squirrels
are a little forgetful then sufficient nuts will remain buried and dormant
ready to germinate as potential new trees. Similarly the acorns of oak
trees, these are nuts that birds such as jays bury as winter reserves, as do
those birds of the same crow family that disperse seeds of some species
of pine. Jays also are forgetful, but they do have large numbers of acorns
on their mind.

Almonds, plums, peaches, also damsons, greengages and even sloes from
blackthorn bushes are all in the genus Prunus, family Rosaceae. They
were the first flowering trees to be domesticated for their edible fruits,

or simply the wild plants are harvested for flavouring agents such as the
bitter sloes.

Domestic apples of James Grieve variety, bred for eating/cooking apples
suitable for cultivation as espalier form in cool climates, here fan-trained on
a dwarfing root stock against a south facing wall.
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Once a seed or seed within its fruit lands on the ground its next task

is to either germinate and continue developing or to become dormant
until the season or physical conditions are best for successful germina-
tion. There can be a substantial seed bank in soil, holding many species
of plant with natural lengths of dormancy from a few months to many
years. Dormancy protects the seed over winter, or over one or more dry
seasons, and will be broken by environmental or internal signals. There
is also a type of seasonality for production of seed that is termed mast or
masting. A particular species of tree, oaks and beeches are typical, in a
particular region will produce approximately every three to five years, a
crop of seeds much larger than in the intervening years. There are vari-
ous explanations for the advantage this may have for individual trees,
mostly beyond the scope of this chapter. An explanation relevant here
is that masting contributes to balancing demands on the whole tree for
growth or for reproduction.

P =

Oak (Quercus robur) upper, and beech (Fagus sylvatica) lower, seed-
lings showing cotyledons. The oak has underground cotyledons as food
stores and here the root develops before the shoot. The beech has a
long root and a shoot bearing above ground a pair of cotyledon leaves
and the first two ordinary leaves. The seeds, acorn and beech-nut re-
spectively, of both these trees are true nuts.

For seeds of both conifers and flowering plants the transition from an
embryo within the seed to a plant no longer dependent on food reserves
from its parent is crucial but fraught with risks of dehydration, poor
soil, herbivores and pathogens. Fresh supply of water and the nutrients
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it carries will come from the root radicle that rapidly grows downward.
The nutrients will come from structures called cotyledons. For conifers
the cotyledons look like a whorl of small green needle leaves. As long as
cotyledons are sufficiently well lit they will photosynthesize carbohydrate
to provide energy for the cellular metabolism of new growth.

Seeds of flowering plants either produce from their shoots a pair of
broad green structures as leaf like cotyledons. Then soon after the first
true leaves appear near the top of the shoot. Alternatively, as with oak
trees, their acorns consist largely of two thick cotyledons that remain
where the nut was buried in the ground by an animal. The root radicle
soon obtains water and soil nutrients and the food reserves in these
non-photosynthetic cotyledons support growth of roots then shoot with
the seedling's first true leaves. Again for these seeds of flowering plants
sufficient light is usually the critical factor for successful growth to at
least seedling stage. Thereafter herbivores of many shapes and sizes will
eat most of them.

There is a terminology of seed dispersal based on the suffix -chory.
Thus: zoochory = dispersal by animals; anemochory = by wind; en-
dozoochory = by animals eating then excreting seed; epizoochory =
on surface of animals; and so on.

Costs and benefits of sexual reproduction.

For a mature tree to produce each crop of seeds it uses a large propor-
tion of nutrients and water from its roots plus newly synthesized car-
bohydrates, proteins and fats within its stem and branches. This cost

of reproduction is additional to its annual maintenance cost of new
leaves, replacement of lost branches, resisting herbivores and pathogenic
microbes. This cost continues until the tree has accumulated so much
genetic, cellular and large scale damage that it dies.

Some species of tree are minimalists for costs of reproduction whilst oth-
ers are prolific. Birches compared to rowans, although both these types
of tree thrive on the same ground and often predominate whilst living
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on the poor soils and harsh weather of uplands. A broad environmental
relationship for both these tree types is not evident -- at least for their
reproductive methods. Instead it seems that long ago in their evolution-
ary history they diverged into two methods for reproducing under the
same conditions: small light winged fruits onto the wind or heavy fleshy
fruits attractive to birds.

Female cones and seeds of radiata pine (Pinus radiata). A cone
fills an open hand and weighs about 150 grams. An example of
the energy and material costs of reproduction; scale bar: 20mm.

A researcher might compare these costs and benefits from a different
perspective. The question would be: how much does the effort of a repro-
ductively active tree that is still growing reduce its potential rate of re-
production, or rate of growth? That is: if we remove all female seed cones
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from these pine trees will they grow better compared to those without
this experimental intervention? Again, Pinus halepensis is suitable to
study this because as a pine its cones take two years to produce seeds. In
one study all developing female cones were removed from test trees at a
specific time whilst control trees were left intact. Trees of the test group
retained sufficient nutritive reserves in their stems and branches to pro-
duce in the next year 70% more new green cones than the control trees.
However, the relationship between growth and reproduction can be
complex and differ between the effect of male cones compared to female
cones. The second year female cones are green and can contribute photo-
synthate to the tree. A study of lodgepole pine, Pinus contorta, found that
branches with two year old female cones provided between 17-45% of
the current year’s increase in dry weight to those cones.

Another example of this cost to benefit relationship shows how stress on
the growth productivity of trees can affect their reproductive capacity.
The resin used to manufacture the perfume ingredient frankincense is
tapped from a flowering tree of north eastern Africa, Boswellia papyrif-
era, and others of the same genus. If a stand of these trees is not tapped
the trees are likely to produce three times as many fully mature and
healthy seeds than the tapped trees. Furthermore, seeds from these un-
tapped trees will have a germination rate of about 80% compared to 16%
for the tapped trees.

The whistling thorn tree of eastern Africa, Vacchellia drepanolobium, an
acacia tree, bears formidably dense arrays of long sharp thorns to deter
browsing herbivores: elephants, giraffe, gerenuk ... Researchers enclosed
stands within tall fences and compared the trees with controls still being
eaten. The protected trees responded over several years by switching
their photosynthesized resources to flowers and seeds. Removing the
cost of growing large thorns and replacing browsed leaves and flowers
enabled a doubled increase in seed production.

Avoiding the cost of sexual reproduction.
Reproduction by sexual means is inefficient in the economic context of
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allocation of resources within a tree or a population of them. So there
must be some reason why this costly, complex and chancy method of
reproduction prevails in trees and any other type of life that reproduces
sexually, from single celled protozoans such the Plasmodium parasites
that cause malaria, through to organism such as humans or oak trees.
Genetic recombination during sexual reproduction provides the di-
versity of individuals that in turn enables the growth of populations of
animals or plants that survive better than their ancestors. The ability to
survive better the invasions and depredations of pathogens, parasites,
herbivores and predators is essential for life. Homo sapiens has been in
genetic combat with Plasmodium for millennia as our immune defences
find new ways of counteracting fresh adaptations of the parasite. There
are all sorts of wild organisms out there that want to live off us, or to live
at the expense of pines or oaks. The ability of plants to survive the threats
from viruses, bacteria, fungi, insects, and voles through to elephants,
derives mostly from the genetics of sexual reproduction.

Despite these advantages of sexual reproduction there are species of
flowering trees that are able to reproduce and maintain their popula-
tions without sexual methods. They are asexual, or clonal, or can spread
vegetatively, but they might also be capable of reproduction by normal
sexual means as well, depending on their distribution and history. This is
not, however, a method of reproduction found in conifers.

A distinction between how conifers and flowering tree grow lies in their
cellular workings. Growth of shoots and roots, leaf and flower buds,
starts at specialized tissues called meristems. These are made up of cells
of a type, in both plants and animals, called stem cells. One stem cell
will divide into two by ordinary mitosis, then one of the cells moves

out into new tissue whilst the other remains in the core of the meristem
to continue as a stem cell. That cell is ready to divide again and again
throughout the life of the organism. Trees have meristems at the tips

of shoots, and specially tips of roots which need to constantly replace
themselves whilst seeking out fresh sources of water and nutrient miner-
als. Also along the length of shoots and the main stem there are clumps
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of lateral meristematic tissue that lie dormant until needed to produce
new branches. This type of meristem within shoots and roots is called an
adventitious bud.

Willow tree, wind-thrown but main stem rooted, with epicormic shoots
and adventitious roots growing from a large branch resting on soil.

If a mature flowering tree in a dense stand finds itself without close
neighbours after a storm it will respond with activation of its lateral
meristems to produced more branches that will spread to capture the
increased light. If a storm snaps the stem of an ash tree, or a lime or

an oak, near its base then lateral meristems will soon grow many new
shoots out through the bark and up into the air. This type of meristem
tissue is termed epicormic and can produce sprouts as new stems and
branches. Similarly roots can produce suckers, described as adventitious,
that may grow into new stems and an uprooted and fallen stem may be
able to regenerate by the activity of these types of dormant meristematic
tissues. Natural coppice formation is produced by these meristems, the
broken tree first survives the massive damage then it thrives as several
ordinary main stems. This is the biological basis of the arboricultural
methods of coppice and pollard. Also a strange form of activity of lateral
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meristems is probably the cause of the burls or burrs that grotesquely
bulge from the stems of some flowering trees in their old age.

In comparison to flowering trees conifer trees have poorer ability to
respond to damage. Their apical meristem at the tip of the single central
shoot dominates by hormonal mechanisms the growth pattern of the
entire tree, leaving poor ability to recover from being snapped off at mid
stem by a storm.

Similar to the coppice method for producing timber the development
of the root stock method for combining the advantages of two strains

of domesticated trees depends on vigorous ability of flowering plants to
heal and regrow. The root stock part of the new tree has meristematic
activity at its roots so that these grow well to supply the new stem, the
scion, that is grafted to it. The scion will have a cultivated character of
flowering and fruiting. This is particularly useful for developing types of
fruit trees or decorative trees that have a dwarf form and are convenient
for commercial horticulture or private gardens.

Flowering plants of many families and species have considerable ability
to grow as individuals or clonal colonies to proliferate as large patches,
or stands of trees. No sexual reproduction or genetic mixing and recom-
bination is involved. Aspen trees of North America, Populus tremuloides,
demonstrate this clearly. Stands of these beautiful flowering trees thrive
right up to the tree line alongside large conifer trees. Under conditions
where they reproduce asexually they proliferate by lateral spread of their
roots. From these roots adventitious buds produce suckers that grow
upwards as normal shoots and mature into fully grown trees. These

trees are not only widespread and successful in various habitats, they are
also a challenge to the concept we humans have of what is an individual
organism. In the state of Utah there is a colony of P.tremuloides. This
distinct colony has been named Pando. Genetic analysis of Pando reveals
that its trees are all males, all derived from a single tree that lived sev-
eral thousand years ago. Now the progeny of this tree occupy forty four
hectares of land. This clone of trees also challenges the claim that the
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humongous fungus, described in Ch. 4, is the largest organism on Earth.
Although this parasitic fungus, as mycelia in soil, covers a much larger
area than the Pando clone of aspens, it weighs a mere six hundred tonnes
compared to the six thousand tonnes of Pando.

Trees are a highly successful form of life because they follow so variedly
and effectively the primal imperative of all living things: to reproduce.
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