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Chapter 1 : Growth Rates and Growth Periodicity of Tree Roots
Tree Roots: Facts and Fallacies Thomas O. Perry A proper understanding of the structure and function of roots can help
people become better gardeners. Plant roots can grow anywhere-in the soil.

Penetration of the soil is very intensive in Larix leptolepis, Betula pendula, and Pseudotsuga taxifolia. A weak
fine root formation is characteristic of Quercus borealis var. In Populus the very fine hair roots with a diameter
of less than 1 mm, which are typical of this species, were not registered. If these had been included the
Populus root system would have been very much enlarged. A low density may be compensated for by
mycorrhizae formation, which is not considered here. The fine fungal hyphae may penetrate - more or less
intensively, depending on the fungal species-the between- root soil spaces and thus make accessible nearly the
whole soil volume of the root zone. However, this is of importance only in the upper soil layers, because
frequency of mycorrhizae decreases with increasing soil depth Preston, ; Werlich and Lyr, This may not
depend on the humus content and the aeration of the soil, but seems to be caused by the physiological state of
the different parts of the root system. For example, the nodule formation in Robinia pseudoacacia grown in the
open and in the root laboratory shows very similar relations Hoffmann, ; Lyr, In normal stands, young tree
roots may follow old root channels formed by rotted roots or may grow in chinks of loam or other soil crevices
and fissures. From practical experience it is well known that different tree species exhibit different activities in
penetrating compacted or dense soil horizons, which on certain sites is the decisive feature for the choice of a
tree species. Results gained from comparable experiments on root activity, as the ability for penetration of
dense soil layers is often called, are rare. An outstanding piece of work is that of Leibundgut et al. This
corresponds well to the ranking of root activity observed in the same species growing in the open. Species
with a high root-to-shoot ratio seem to have a greater ability to penetrate hard soil layers. Gardner and
Danielson in their experimental investigations found that optimal aeration of the soil and optimal water
content of the root zone increased the ability of roots to penetrate. According to Kinman fine roots may die,
although only days old, when the base root begins to form periderm. In other cases longevity was estimated to
be a few weeks Childers and White, Heikurainen suggested, on the basis of his studies, a longevity of roots
with diameters under 1, 1 to 2, and 2 to 5 mm of 3, 5, and 10 years, respectively. In general, fine roots seem to
live at least through one vegetative period, which, however, on no account is the maximal age under favorable
circumstances. In the root laboratory at Eberswalde, mycorrhizae and fine roots 2 years old, and older, could
be observed. The longevity of fine roots depends partly on the correlatively regulated distribution of
assimilates and partly on the growth intensity of the roots of higher rank. In the open a large fraction of the
fine roots may be killed periodically by drought or frost, especially in the upper soil layers, so that frequent
regeneration may consequently occur. This being the situation, it is obvious that any generally valid
statements on the longevity of fine roots are difficult to formulate. Periodicity of Root Growth In addition to
growth rate, growth periodicity of tree roots is also of scientific and practical interest. Whereas detailed
information, and in some instances reproducible results, have been obtained on shoot growth, reports on root
growth are in disagreement or are contradictory. At present it is still difficult to discriminate between
peculiarities of species and environmentally induced reactions. For centuries investigations of the course of
root growth have been made from a practical viewpoint, but owing to difficulties with techniques conclusions
have been very vague. Of the older works the following should be cited: Hartig , Konig , Lindley , Th. Hartig ,
von Mohl , and Nobbe Comprehensive monographs have been compiled by Resa , Wieler , Engler ,
MacDougal , Ladefoged , and Reed The first contributions to our knowledge of root growth were in most
cases based on casual observations during excavation or planting of trees. Systematic study of the subject was
begun by Th. Hartig and Resa Hartig, specifically, gave the impulse for studies on morphological variations
of the root system, and Resa for investigations on growth periodicity. Since the work of Stevens attempts have
been made to get quantitative informations by marking the root tips. Of course only very incomplete
information could be obtained by these methods because changes in soil structure and crushing and irritation
of roots disturb their growth. When conclusions concerning active growth are drawn from the existence of
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white root tips, differences in browning of root tips introduces additional inaccuracies. Heikurainen , Kalela ,
and Kolesnikow a have periodically determined root weights from soil blocks and in this way have obtained
indirect data on root growth. Busgen was the first to use root boxes for investigations on growth periodicity of
forest trees. Because of size limitations only small plants can be investigated by this method. To permit
continuous measurements of roots in their natural habitat Kinman and Rogers made trenches near orchard
trees, set framed glass windows against the soil profile, and covered the pit between the measurements. In our
own investigations a root laboratory Hoffmann a has proved to be valuable for plants from 3 to 8 years old. It
consists of twelve root boxes Fig. Roots with diameters of 0. Simultaneous determinations of the height
growth of the main shoots are made. According to the size of the experimental plants, each root box contains 9
to 15 trees. Of course, only a part of the root system is visible through the glass panels; therefore
measurements have in part been supplemented by determination of total amounts of root masses at the end of
the vegetation period. Because of temperature differences and some influence of light, root growth in the
interior of the box may be a bit different from the visible root growth. This had already been recognized by
Engler , but in the root laboratory these effects are of little influence. When trenches are used in the open, the
regeneration arising from injured roots often gives a false picture of normal root growth Kinman, In all root
growth measurements "longroots" have been used exclusively. These are the "Langwurzeln" of Busgen Such
roots have also been called "Triebwurzeln" Bodo, , "main roots" Rogers, , "growth roots" Kolesnikow, b , and
"rope-like laterals" McQuilkin, Growth measurements of roots of higher rank are extremely difficult because
of their large number, their limited growth, and their small size. Here only determination of total weight gives
reliable values. Growth is resumed in spring. The starting time depends on the tree species and the weather. At
present an exact theoretical base for a prognosis of the initiation of root growth from climatic data is still
lacking. Richardson , however, made a fairly successful attempt with Acer saccharinum. For a general
theoretical elucidation of root rest and growth resumption more experimental data are necessary. Probably it is
a complex process, in which hormonal relations between root and shoot are very important, but hormonal
regulation of root growth is in many aspects still obscure Torrey, ; Romberger, Furthermore, knowledge of
endogenously and exogenously influenced periods of dormancy of the individual organs of trees is limited.
Most authors agree that root growth starts before shoot growth, which was observed by Theophrastus years
ago. As detailed observations show, and the experiments of Richardson confirm, an impulse from the buds
which in this phase show a slight swelling is necessary for root growth initiation. Apparently auxins are
transported from the shoot to the root, which starts growing earlier because of a lower temperature optimum.
Similar differences probably exist in other tree species, but the absolute values may be expected to be different
from species to species, and even from provenance to provenance. By February in Central Europe most trees
have overcome endogenous dormancy and have entered postdormancy or the state of readiness quiescence in
which temperature determines the time of bud opening. Increased soil temperatures lead directly or indirectly
to earlier root growth, whereas bud expansion is not influenced see Section II,C,l,a and Fig. The genus Larix is
an exception to this general behavior, as was earlier demonstrated by the data of Engler and has been
confirmed by our own measurements. In Larix species, needles of short shoots are unfolded long before root
growth begins. These new short-shoot needles probably have the function of synthesizing the necessary
assimilates for root and shoot growth, because reserve food storage in Larix is rather limited. Long-shoot
expansion begins some time after needle unfolding and root growth initiation Hoffmann, a. The beginning of
root growth in Quercus borealis var. In Europe it may coincide with leaf unfolding. In most trees the first root
growth is made at the expense of reserve materials. Therefore differences may exist between young seedlings
and older trees in the continuation of root growth during shoot dormancy. Evergreen conifers, which can
photosynthesize during winters, seem to behave differently from deciduous trees. In Pinus silvestris, root
growth continues or is resumed independently of shoot growth when soil temperature is high enough
unpublished observations. This is not surprising, if one takes into consideration. Instead of the theoretical
"normal distribution" or bell curve of mass increment, root growth as well as shoot growth has a very irregular
time course Figs. This means that in months with strong shoot growth only a limited root growth or none at all
should take place, and vice versa. In contradiction to this theory, Wieler and Busgen pointed to a functional
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relation between root and shoot and argued that strong root growth must be bound to strong shoot growth. On
the basis of comprehensive measurements Engler came to the opinion that in Central Europe all tree species
have a maximum period of root growth in May and June, which is interrupted in August by a rest period,
followed by a second but lower peak in autumn. Such a diminution or interruption of root growth in
midsummer has often been described McDougall, ; L. Turner, ; Kolesnikow, b. But other authors Tolsky, ;
Hesselink, ; Rogers, ; Roze, ; Reed, ; Ladefoged, found no typical growth curves with two distinct peaks,
which agrees with our own investigations. We regard midsummer root growth cessation as due to unfavorable
environmental conditions periods of drought or high temperature. Under equivalent environmental conditions
the rhythm of root and shoot growth differs from species to species and even from one individual tree to
another. Some comparable curves for several tree species are summarized in Fig. Because of the changing
weather conditions, growth curves for different years are quite divergent, and generalizations are not yet
possible. In our own measurements, neither significant antagonistic nor synergistic interrelations between
shoot and root growth could be found by mathematical analysis. Interpretation is further complicated by the
fact that at the same time growing and nongrowing roots may be found Stevens, ; Ladefoged, ; Wilcox, , so
that their proportion should be determined. The correlation between environmental conditions and root growth
is probably very complex, because besides direct influences of soil factors many indirect influences may act
upon roots via primary effects upon activity. Only the most general rules of root growth in a moderate climate
can be stated here. Maximal root growth, with regard to both the number of growing roots and the total growth
in length, in most tree species occurs in the early summer June and July Fig. Seedlings with early termination
of shoot growth Quercus type often exhibited strong root growth in midsummer. During August, but
especially in September, root growth begins to diminish Hoffmann, a.
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Chapter 2 : How to Stop Tree Roots from Sprouting in the Lawn | Davey Blog
Roots may grow down, sideways, or even up along tree trunks. These directions are determined by a transducing
system that converts physical signals into physiological signals that control the morphological and anatomical
development of the roots.

A new layer of wood is added in each growing season, thickening the stem, existing branches and roots.
Although "tree" is a term of common parlance, there is no universally recognised precise definition of what a
tree is, either botanically or in common language. Certain monocots may be considered trees under a slightly
looser definition; [8] while the Joshua tree , bamboos and palms do not have secondary growth and never
produce true wood with growth rings, [9] [10] they may produce "pseudo-wood" by lignifying cells formed by
primary growth. They differ from shrubs , which have a similar growth form, by usually growing larger and
having a single main stem; [5] but there is no consistent distinction between a tree and a shrub, [17] made
more confusing by the fact that trees may be reduced in size under harsher environmental conditions such as
on mountains and subarctic areas. The tree form has evolved separately in unrelated classes of plants in
response to similar environmental challenges, making it a classic example of parallel evolution. With an
estimated 60,, species, the number of trees worldwide might total twenty-five per cent of all living plant
species. The majority of tree species are angiosperms. There are about species of gymnosperm trees, [21]
including conifers , cycads , ginkgophytes and gnetales ; they produce seeds which are not enclosed in fruits,
but in open structures such as pine cones , and many have tough waxy leaves, such as pine needles. There are
also some trees among the old lineages of flowering plants called basal angiosperms or paleodicots ; these
include Amborella , Magnolia , nutmeg and avocado, [23] while trees such as bamboo, palms and bananas are
monocots. Wood gives structural strength to the trunk of most types of tree; this supports the plant as it grows
larger. The vascular system of trees allows water, nutrients and other chemicals to be distributed around the
plant, and without it trees would not be able to grow as large as they do. Trees, as relatively tall plants, need to
draw water up the stem through the xylem from the roots by the suction produced as water evaporates from the
leaves. If insufficient water is available the leaves will die. In trees and other plants that develop wood, the
vascular cambium allows the expansion of vascular tissue that produces woody growth. Because this growth
ruptures the epidermis of the stem, woody plants also have a cork cambium that develops among the phloem.
The cork cambium gives rise to thickened cork cells to protect the surface of the plant and reduce water loss.
Both the production of wood and the production of cork are forms of secondary growth. Forest The number of
trees in the world, according to a estimate, is 3. The estimate is about eight times higher than previous
estimates, and is based on tree densities measured on over , plots. It remains subject to a wide margin of error,
not least because the samples are mainly from Europe and North America. The estimate suggests that about 15
billion trees are cut down annually and about 5 billion are planted. Light is very limited under their dense
cover and there may be little plant life on the forest floor, although fungi may abound. Acacia and baobab are
well adapted to living in such areas. Root The roots of a tree serve to anchor it to the ground and gather water
and nutrients to transfer to all parts of the tree. They are also used for reproduction, defence, survival, energy
storage and many other purposes. The radicle or embryonic root is the first part of a seedling to emerge from
the seed during the process of germination. This develops into a taproot which goes straight downwards.
Within a few weeks lateral roots branch out of the side of this and grow horizontally through the upper layers
of the soil. In most trees, the taproot eventually withers away and the wide-spreading laterals remain. Near the
tip of the finer roots are single cell root hairs. These are in immediate contact with the soil particles and can
absorb water and nutrients such as potassium in solution. The roots require oxygen to respire and only a few
species such as the mangrove and the pond cypress Taxodium ascendens can live in permanently waterlogged
soil. Many of these are known as mycorrhiza and form a mutualistic relationship with the tree roots. Some are
specific to a single tree species, which will not flourish in the absence of its mycorrhizal associate. Others are
generalists and associate with many species. The tree acquires minerals such as phosphorus from the fungus
while it obtains the carbohydrate products of photosynthesis from the tree. The fungus promotes growth of the
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roots and helps protect the trees against predators and pathogens. It can also limit damage done to a tree by
pollution as the fungus accumulate heavy metals within its tissues. They have actinorhizal root nodules on
their roots in which the bacteria live. This process enables the tree to live in low nitrogen habitats where they
would otherwise be unable to thrive. The interconnections are made by the inosculation process, a kind of
natural grafting or welding of vegetal tissues. The tests to demonstrate this networking are performed by
injecting chemicals, sometimes radioactive , into a tree, and then checking for its presence in neighbouring
trees. The common purposes for aerial roots may be of two kinds, to contribute to the mechanical stability of
the tree, and to obtain oxygen from air. An instance of mechanical stability enhancement is the red mangrove
that develops prop roots that loop out of the trunk and branches and descend vertically into the mud. These
brace the tree rather like angle brackets and provide stability, reducing sway in high winds. They are
particularly prevalent in tropical rainforests where the soil is poor and the roots are close to the surface. These
root extensions are called pneumatophores , and are present, among others, in black mangrove and pond
cypress. Trunk botany The main purpose of the trunk is to raise the leaves above the ground, enabling the tree
to overtop other plants and outcompete them for light. It protects the trunk against the elements, disease,
animal attack and fire. It is perforated by a large number of fine breathing pores called lenticels , through
which oxygen diffuses. Bark is continually replaced by a living layer of cells called the cork cambium or
phellogen. Similarly, the bark of the silver birch Betula pendula peels off in strips. In some trees such as the
pine Pinus species the bark exudes sticky resin which deters attackers whereas in rubber trees Hevea
brasiliensis it is a milky latex that oozes out. The quinine bark tree Cinchona officinalis contains bitter
substances to make the bark unpalatable. These lay their eggs in crevices and the larvae chew their way
through the cellulose tissues leaving a gallery of tunnels. This may allow fungal spores to gain admittance and
attack the tree. Dutch elm disease is caused by a fungus Ophiostoma species carried from one elm tree to
another by various beetles. The tree reacts to the growth of the fungus by blocking off the xylem tissue
carrying sap upwards and the branch above, and eventually the whole tree, is deprived of nourishment and
dies. In Britain in the s, 25 million elm trees were killed by this disease. It is a soft spongy layer of living cells,
some of which are arranged end to end to form tubes. These are supported by parenchyma cells which provide
padding and include fibres for strengthening the tissue. The cells are continually dividing, creating phloem
cells on the outside and wood cells known as xylem on the inside. It is composed of water-conducting cells
and associated cells which are often living, and is usually pale in colour. It transports water and minerals from
the roots to the upper parts of the tree. The oldest, inner part of the sapwood is progressively converted into
heartwood as new sapwood is formed at the cambium. The conductive cells of the heartwood are blocked in
some species, and the surrounding cells are more often dead. Heartwood is usually darker in colour than the
sapwood. It is the dense central core of the trunk giving it rigidity. Three quarters of the dry mass of the xylem
is cellulose , a polysaccharide , and most of the remainder is lignin, a complex polymer. A transverse section
through a tree trunk or a horizontal core will show concentric circles or lighter or darker wood - tree rings.
These rings are the annual growth rings [64] There may also be rays running at right angles to growth rings.
These are vascular rays which are thin sheets of living tissue permeating the wood. This pattern of growth is
related to climatic conditions; growth normally ceases when conditions are either too cold or too dry. In
readiness for the inactive period, trees form buds to protect the meristem , the zone of active growth. Before
the period of dormancy, the last few leaves produced at the tip of a twig form scales. These are thick, small
and closely wrapped and enclose the growing point in a waterproof sheath. Inside this bud there is a
rudimentary stalk and neatly folded miniature leaves, ready to expand when the next growing season arrives.
Buds also form in the axils of the leaves ready to produce new side shoots. The expanding shoot pushes its
way out, shedding the scales in the process. These leave behind scars on the surface of the twig. The new stem
is unlignified at first and may be green and downy. The Arecaceae palms have their leaves spirally arranged
on an unbranched trunk. Secondary growth consists of a progressive thickening and strengthening of the
tissues as the outer layer of the epidermis is converted into bark and the cambium layer creates new phloem
and xylem cells. The bark is inelastic. If damage occurs the tree may in time become hollow. Leaf Leaves are
structures specialised for photosynthesis and are arranged on the tree in such a way as to maximise their
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exposure to light without shading each other. Trees have evolved leaves in a wide range of shapes and sizes, in
response to environmental pressures including climate and predation. They can be broad or needle-like, simple
or compound, lobed or entire, smooth or hairy, delicate or tough, deciduous or evergreen. The needles of
coniferous trees are compact but are structurally similar to those of broad-leaved trees. They are adapted for
life in environments where resources are low or water is scarce. Frozen ground may limit water availability
and conifers are often found in colder places at higher altitudes and higher latitudes than broad leaved trees. In
conifers such as fir trees, the branches hang down at an angle to the trunk, enabling them to shed snow. In
contrast, broad leaved trees in temperate regions deal with winter weather by shedding their leaves. When the
days get shorter and the temperature begins to decrease, the leaves no longer make new chlorophyll and the
red and yellow pigments already present in the blades become apparent. This causes the cells at the junction of
the petiole and the twig to weaken until the joint breaks and the leaf floats to the ground. In tropical and
subtropical regions, many trees keep their leaves all year round. Individual leaves may fall intermittently and
be replaced by new growth but most leaves remain intact for some time. Other tropical species and those in
arid regions may shed all their leaves annually, such as at the start of the dry season. Plant reproduction ,
Pollination , and Seed dispersal Trees can be pollinated either by wind or by animals, mostly insects.
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Chapter 3 : Tree - Tree structure and growth | calendrierdelascience.com
Larger trees will obviously have larger root systems, but some trees have more aggressive roots than others. Allow
room for growth and research the invasive nature of the roots of a tree before planting.

While many children have stuck toothpicks into avocado pits and set them in a jar of water to watch the roots
emerge and grow, most commercial and landscape avocado trees are grown from grafts onto rootstock, not
from seed. Avocado trees produce a shallow, aggressive root system that chokes out neighboring vegetation.
Fundamentals Avocado trees produce the rich green fruit prevalent in Mexican cooking and prized for its oils.
Native to warm, arid areas of North and South America, hardy varieties now grow in subtropical areas
including California, Hawaii, Florida, the West Indies and the Mediterranean area, according to the California
Rare Fruit Growers website. Dwarf varieties have been developed for container gardening. The roots grow
outward from the tree trunk in all directions. They prefer loose, well-draining soil and can tolerate acid or
alkaline conditions, according to the California Rare Fruit Growers website. The strong, aggressive roots can
buckle and break pavement as they grow. The far-reaching dominant root system means avocado trees should
be planted at least 30 feet away from buildings and other trees in landscape environments, according to the
University of Florida extension service website. Considerations The shallow nature of the root system makes
the avocado tree susceptible to damage from flooding. If the roots stay wet, nutrients are lost and growth
stunted. In prolonged flooding or saturated soil, the tree dies. Constantly wet soil also can lead to a root
infection known as Phytophthora fungi, which reduces growth and fruit production, according to the
University of Hawaii extension service website. Propagation Most commercial and landscape avocado trees
are grown from grafted rootstock, not from seeds. Commercial avocado trees start by grafting buds of mature
trees onto seedlings or rootstock, according to the University of Hawaii extension service website. Fruit
quality and yield vary widely among trees grown from seed and are more consistent from grafted trees. Tree
Growth Avocado trees produce fruit most abundantly when grown in full sun. They should be watered only
during prolonged dry periods. Trees grown from seed normally produce fruit five to eight years after planting,
while grafted trees start bearing fruit in three to five years, according to the University of Hawaii extension
service website. Care Avocado tree seedlings or grafted trees from nurseries should be planted in a hole that is
slightly wider than the root ball and covered with loose, loamy soil, according to the University of California
Agriculture and Natural Resources website. Because the root system is sensitive to bumping, breaking and
damage, the root ball should be slowly lowered into the hole without disturbing the roots. Mulch mixed into
the soil will promote drainage and aeration, but the mulch should be kept at least 6 inches away from the
trunk.
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Chapter 4 : How to Keep a Root From Growing Back After You Cut It | Home Guides | SF Gate
Each spring, we eagerly await the moment our trees will sprout that first leaf-then another and another. While it's easy to
see when trees grow new leaves, we can't see when their tree roots are growing.

All plants need water, oxygen, and nutrients. These are most readily available near the soil surface where
precipitation infiltrates the soil and oxygen from the atmosphere diffuses into the porous soil. Most roots,
therefore, especially the important, tiny, absorbing roots, proliferate near the soil surface. When space is
available, roots can spread two to three times further than the branches. Tree roots are often associated with
situations that cause damage to structures, pavements, and utilities. In almost every case, roots are not the
cause of the problem. As roots enlarge, they may occasionally break the pipes and enter the cracks. More
commonly, the pipes fail especially at the joints due to age or slight movement of the soil, allowing roots to
invade. Moisture and nutrients released from ruptures can stimulate root growth toward the break in the pipe.
Once a root enters a sewer pipe, the conditions of aeration, moisture, and nutrients are quite favorable for rapid
growth. Species that are naturally found in wet areas such as poplars, willows, and silver maples, are
commonly associated with clogged pipes. Blocked sewers usually must be cleared mechanically. Mechanical
routing may be needed on an annual basis. Registered chemical treatments are available. The main advantage
of these products is that they can be placed into the sewer as a foam for more effective contact with roots;
however, it is essential to follow label directions. The only permanent solution to the problem, however, is to
replace ruptured pipes. Modern materials and joints should prevent most problems in the future. When roots
encounter a paved area, the only entry is often a gap between the soil and pavement. Future problems can be
prevented at the time of planting by using smaller plants, providing a minimum distance of 4 feet between the
tree and the pavement, or using mechanical barriers to prevent roots from growing under the pavement.
Remedies for lifted pavements around mature trees often involve either moving the pavement away from the
tree or pruning off the problem roots. Barriers are often installed after the roots are cut to prevent re-growth of
the roots and recurrence of the pavement lifting. Cutting off the problem roots often causes stress and
instability. Trees without sufficient root support can be blown over more easily in a storm. In reality, roots are
rarely the cause of the problem. Though small roots may penetrate existing cracks in foundations, they are
incapable of causing mechanical damage through their growth. Soil subsidence can result in damage to
structures. Under very special circumstances roots can contribute to this problem. When soils are prone to
shrinking substantially during periods of drought, and if foundations are shallow, roots can contribute to
depletion of soil moisture under the foundation, causing it to subside. Some species, such as maples, grow
roots particularly close to the surface. Alternate freezing and thawing causes frost-heaving, which can expose
roots that would otherwise remain below the soil surface. On slopes, soil erosion may also expose roots. These
surface roots could become a foot hazard or cause difficulty in mowing, and are easily injured. Removing
these roots may disrupt the moisture supply to the tree, causing serious stress. Covering them with soil could
cut off the oxygen supply to the fine roots in the soil below. Both situations could lead to decline. These
materials are porous enough to allow sufficient oxygen supply to the soil and may actually encourage fine root
growth. Acting as an insulator, the mulch will minimize further frost-heaving and erosion. Another benefit is
the replacement of highly competitive turf grass with mulch, which supplies nutrients as it decomposes. Grass
removal is not necessary before the mulch is applied. An additional 2 inches can be added each year as
necessary to raise the soil level sufficiently to cover the roots. The lawn can then be replanted, but the tree
roots may reappear on the surface within a few years. Norway maples are most susceptible to damage from
girdling roots, but they can occur in most trees. When roots circling inside of a pot in the nursery cause the
problem, the tree seldom survives more than a decade in the landscape. To prevent girdling roots in nursery
stock, make sure that all circling roots on the outside of the root ball are eliminated at time of planting.
Research shows that moderate disruption of the container root system does not increase stress. For large
girdling roots on established trees, correcting the problem can be difficult. Removal of the girdling roots may
cause enough damage to the root system to hasten the decline. Several roots may be intertwined, making it
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even more difficult. It is difficult to predict if removing the roots will be more damaging than leaving them
alone. Since roots are near the surface and depend on oxygen, raising the soil level around an established tree
can have serious impact. This new soil will drastically reduce the oxygen supply to roots. When grade changes
are necessary, avoid changing the grade within the dripline of the tree. The fewer roots that are impacted, the
better the chances that the tree will survive. Another alternative would be to construct a retaining wall outside
the dripline to accomplish the grade change. If the grade change is necessary to improve site drainage, be sure
to divert the excess water away from the tree.
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Chapter 5 : What Are the Dangers of Cutting Tree Roots? | Home Guides | SF Gate
A Tree's Root Tip Growth - Root Cap Growth Early root growth is a function of meristematic root tissue located near the
tip of the root. The specialized meristem cells divide, producing more meristem called root cap cells which protect the
meristem and "undifferentiated" root cells while pushing through the soil.

Tree Facts General Information Trees help our soil remain healthy by reducing soil erosion and by creating a
soil climate suitable for microorganism to grow. There are over 23, different kinds of trees in the world. A
healthy tree can increase your property value by as much as 27 percent while trees with dead branches, hollow
cavities and other problems can decrease your property value. Evergreen trees are green year round because
they do not lose all of their leaves in one season. Most will however lose some of their oldest leaves just
before they produce new leaves in the spring. Some will lose part of their leaves in the fall. A tree can absorb
as much as 48 pounds of carbon dioxide per year and can sequester 1 ton of carbon dioxide by the time it
reaches 40 years old. Tree leaves are composed of many colored pigments -- green chlorophyll hides them
during the spring and summer growing seasons. Shorter days and cool temperatures in the fall cause the
chlorophyll to break down and the other pigments to be see. Every state has an official State Tree. We do not
have a national tree, however, there is a campaign to have the oak adopted as our National Tree. Arbor Day, a
day site aside to plant and recognize the importance of trees, is not a national holiday. If fact the day observed
varies from state to state. Tree wood is a highly organized arrangement of living, dying, and dead cells. The
beginning and growth of tall woody trees in forests may have played a key role in the extinction of the
dinosaurs. Hundreds of food products fruit, coffee, nuts, etc. One large tree can lift up to gallons of water out
of the ground and discharge it into the air in a day. Each year, one person uses wood and paper products
equivalent to a foot tree 18 inches in diameter. Over 5, products are made from trees. Trees are included in
most religions. Some hold certain trees sacred; other use trees to help teach beliefs. The story goes that
Buddha received his enlightment under the wisdom tree. Each year over , people travel to Macon, Georgia to
see , cherry trees in bloom. Trees are some of the oldest living organism on earth: Trees grown in city
conditions often do not live as long average 13 years less as trees grown in their natural wooded environment.
Tree growth occurs in specialized tissues referred to as meristems. This tissue is found at the tips of leaves and
shoots. Growth in diameter occurs at the vascular cambium inside the stem. If a birdhouse is hung on a tree
branch, it does not move up the tree as the tree grows. They make their own food from sunlight, water, carbon
dioxide and nutrients from the soil. Trees do not grow beyond their ability to support themselves. Trees do not
restore and repair wood that is injured and infected -- instead they compartmentalize off the damaged tissue.
New cells are not produced to replace the damaged cells. A hollow in a tree is never greater than the diameter
of the tree at the time it was injured. It should not spread into the new growth that occurs after the tree was
injured. A tree branch is not actually attached to the rest of the tree. It is held in place by a series of
interlocking "collars". Collars overlap and mesh to form a tight woven pattern of tissue. During periods of
increased or decreased temperature, cracks may develop in the tree trunk -- referred to as frost cracks and sun
cracks. Both can lead to decay. Each year trees produce an increment of new growth that covers growth from
the previous year. The age of a tree can be determined by the number of growth rings. The size of the growth
ring is determined in part by environmental conditions - temperature, water availability. Tree trunk cells
produced in the spring are larger, have thinner walls and are lighter in color than cells produced in the
summer. Bark is the protective covering of a tree. The outer bark is composed of dead cells. The bark will
often split as the trunk diameter increases. Different parts of the tree grow at different times of the year. A
typical pattern is for most of the foliage growth to occur in the spring, followed by trunk growth in the
summer and root growth in the fall and winter. Not all trees follow the same pattern. Roots Most trees do not
have a tap root. Tree roots do not grow very deep. Most tree roots are in the top 12 inches of soil. Tree roots
often extend two to three times the width of the tree. Roots do not have green chlorophyll. Roots store more
starch than the trunk. Roots do not have a central pith soft central tissue while the trunk does. The majority of
tree roots are non-woody. These root hairs grow within days of when water, temperature, and nutrients are
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available to promote growth. These non-woody roots only live for a few weeks. Non-woody tree roots can
grow almost any time the soil is not frozen. Flowers, Seeds Almost all trees produce flowers -- some are very
showy. Trees that depend on the wind for pollination have non-showy flowers. Often their flowers are muted
shades of green or yellowish green. Trees can be classified as gymnosperms or angiosperms. Gymnosperms
produce their seeds on the surface or tips of an appendage such as a pine cone. Angiosperms produce their
seeds inside a fruit such as an acorn. Most trees are grown from seeds -- this leads to variability in the age at
which they flower, the amount of flowers produced and the intensity of fall color. Ideally, trees you plant
would be grown from seeds collected in a similar climate. Seeds collected in areas with significantly different
temperatures will have a different cold and heat tolerance. Most tree seeds require two growing seasons to
germinate. Some tree species require a period of cold weather and others will not germinate for several years.
Topping trees is a costly, money-wasting mistreatment of trees. Tree wound paints and dressings do not help
the tree some actually speed decay. There is no conclusive evidence that tree wraps help prevent heat or cold
injury. Inserting screws, nails or injecting fertilizer into a tree trunk can cause decay and death. A newly
transplanted small tree will often out grow a larger newly transplanted tree. Filling a tree cavity is not a very
useful practice. If done incorrectly it can lead to further decay. Non-staked transplanted trees are usually
stronger than trees that have been staked. When pruning, do not leave stubs or cut flush with the trunk. Both
can prevent the tree from healing naturally and can increase decay. Callus and woundwood forms around tree
cuts. The decay must be compartmentalized off inside the tree. The best time to fertilize a tree is late fall. The
next best time is very early spring. Newly transplanted trees should not be fertilized for a year. Winter
hardiness decreases for several weeks after pruning do not prune in late fall or during severe cold weather. The
best time to transplant most trees is in the fall. There are some exceptions. Erv Evans Web Design by:
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TREE ROOT PROBLEMS. Root systems are vital to the health and longevity of trees. All plants need water, oxygen,
and nutrients. These are most readily available near the soil surface where precipitation infiltrates the soil and oxygen
from the atmosphere diffuses into the porous soil.

You can keep a root from growing back, but it may take several tries before the root dies completely. Root
control methods depend on the type of plant and how readily it sends up new growth from a cut or damaged
root. Sucker Root Removal Invasive tree roots that emerge above the soil, sometimes far from the base of the
tree, are called suckers. Cutting these roots off at ground level only provides a short reprieve because they
usually grow back from buds at the base of the root, where it attaches to the main tree root underground. When
cutting out sucker roots, cut it beneath the soil with a sharp knife, as close to the main root as possible so no
buds remain to continue growing. Growth Inhibitors Growth inhibitor sprays that contain the chemical NAA
can prevent tree roots from growing back after they are cut. Most of these products are sold ready to use in
spray bottles for easier application. For suckers growing further out from the trunk along the spreading roots,
you must remove the soil from above the cut root so you can spray the inhibitor directly on the cut.
Application instructions may vary, so read the directions on the inhibitor bottle before use. Wear gloves and
eye protection during application, as these chemicals can cause skin irritation. Herbaceous Root Removal The
roots of herbaceous plants, especially weeds, can also grow back after you pull up the top growth. Plants with
long taproots or those that spread via root rhizomes are especially prone to growing back. A weed fork,
sometimes called a dandelion fork or a fishtail weeder, has a notched end that grasps taproots deep under the
soil surface. Insert the fork next to the weed root and lever back gently so the base of the root is stuck between
the fork tines. Grasp the top of the weed and pull it up with the weeder without breaking off any pieces of the
root. Systematic Herbicides Systematic herbicides, such as those that contain glyphosate, spread through the
entire plant and kill the roots, so they work especially well for plants that reproduce from a spreading root
system. If you have already cut into the roots, you do have to wait for the plant to send up some new growth;
you can apply the herbicide directly to the plant. The herbicide does not soak into the soil to reach the roots.
Most glyphosate products come ready to use, although concentrates are available that you must dilute with
water to the label specifications for the particular brand. Spray an even coat of the herbicide on the offending
plants or exposed roots. Wear gloves, long sleeves and eye protection during application.
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To kill tree roots, dig out the soil around the roots and use a root saw or loppers to cut the roots out. If you want to kill
the entire tree, you can make a cut in the trunk and then spray herbicide inside of it.

Bring fact-checked results to the top of your browser search. Tree structure and growth In the section
Ecological and evolutionary classification , it is pointed out that land plants are descended from aquatic plants.
The early aquatic plants required few modifications for structural support or water and nutrient absorption,
since the surrounding water fulfilled their needs. The water, far denser than the air , buoyed the plant body; the
thin integument permitted a free exchange of nutrients across the entire relatively small body surface and a
passive mechanism for spreading their gametes. Once primitive plants began to invade the land, however,
modifications for support, nutrient and water absorption, turgidity, and reproduction were required to
compensate for the absence of an aqueous environment. Because organic soils were not widely developed, the
earliest terrestrial plants probably first colonized bare rock near large water sources, such as oceans and lakes.
Generations of these plants recycling nutrients e. With the proliferation of these low-lying plants, competition
for available space, nutrients, and sunlight intensified. Aerial habitats and those farther afield from the large
sources of water represented the only uninhabited environments left to be exploited. This required the
physiological and morphological complexity found among the vascular plants. The leaves are the principal
photosynthetic organs of most higher vascular plants. They are attached by a continuous vascular system to
the rest of the plant so that free exchange of nutrients, water, and end products of photosynthesis oxygen and
carbohydrates in particular can be carried to its various parts. Growth regions of a tree A Longitudinal section
of a young tree showing how the annual growth rings are produced in successive conical layers. B Shoot apex,
the extreme tip of which is the apical meristem, or primary meristem, a region of new cell division that
contributes to primary growth, or increase in length, and which is the ultimate source of all the cells in the
aboveground parts of the tree. C Segment of a tree trunk showing the location of the cambium layer, a
secondary meristem that contributes to secondary growth, or increase in thickness. D Root tip, the apex of
which is also an apical meristem and the ultimate source of all the cells of the root system. Principles and
Problems, 4th ed. The stem is divided into nodes points where leaves are or were attached and internodes the
length of the stem between nodes. The leaves and stem together are called the shoot. Shoots can be separated
into long shoots and short shoots on the basis of the distance between buds internode length. The stem
provides support, water and food conduction, and storage. Roots provide structural anchorage to keep trees
from toppling over. They also have a massive system for harvesting the enormous quantities of water and the
mineral resources of the soil required by trees. In some cases, roots supplement the nutrition of the tree
through symbiotic associations, such as with nitrogen-fixing microorganisms and fungal symbionts called
mycorrhizae , which are known to increase phosphorous uptake. Tree roots also serve as storage depots,
especially in seasonal climates. As is true of other higher vascular plants, all the branches and the central stem
of trees the trunk or bole terminate in growing points called shoot apical meristems. These are centres of
potentially indefinite growth and development, annually producing the leaves as well as a bud in the axis of
most leaves that has the potential to grow out as a branch. These shoot apical growing centres form the
primary plant body, and all the tissues directly formed by them are called the primary tissues. As in the stems,
the growing points of the roots are at their tips root apical meristems ; however, they produce only more root
tissue, not whole organs leaves and stems. The root meristem also produces the root cap that covers the
outside of the root tip. The shoot apical meristems do not appear different between long and short shoots, but
the lower part of the meristem does not produce as many cells in short shoots. In some cases, it may be totally
inactive. Shoot meristems in some species may interconvert and change the type of shoot they produce. For
example, in the longleaf pine , the seedlings enter a grass stage, which may last as long as 15 years. Here the
terminal bud on the main axis exists as a short shoot and produces numerous needle-bearing dwarf shoots in
which there is little or no internode elongation. Consequently, the seedling resembles a clump of grass. This is
probably an adaptation to fire, water stress, and perhaps grazing. The root volume, however, continues to
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grow, increasing the chance of seedling survival once the shoot begins to grow out i. This process is called
flushing. The outermost layer of cells surrounding the roots and stems of the primary body of a vascular plant
including the leaves, flowers, fruits, and seeds is called the epidermis. The closely knit cells afford some
protection against physical shock, and, when invested with cutin and covered with a cuticle, they also provide
some protection from desiccation. Stomata pores are interspersed throughout the epidermal cells of the leaves
and to some extent on the stems and regulate the movement of gases and water vapour into and out of the
plant body. A transverse slice of tree trunk, depicting major features visible to the unaided eye in transverse,
radial, and tangential sections. Immediately adjacent is a cylinder of ground tissue; in the stem the outer region
is called the cortex and the inner region the pith , although among many of the monocotyledons an advanced
class of angiosperms, including the palms and lilies the ground tissue is amorphous and no regions can be
discerned. The roots of woody dicots and conifers develop only a cortex the pith is absent , the innermost layer
of which comprises thick-walled wall cells called endodermal cells. The final tissue system of the primary
plant body is the vascular tissue , a continuous system of conducting and supporting tissues that extends
throughout the plant body. The vascular system consists of two conducting tissues, xylem and phloem ; the
former conducts water and the latter the products of photosynthesis. In the stems and roots the vascular tissues
are arranged concentrically, on the order of a series of cylinders. Each column, or cylinder, of primary
vascular tissue develops the primary xylem toward the inner aspect of the column and the primary phloem
toward the outer aspect. The multiple vascular cylinders are arranged throughout the cortex, either in an
uninterrupted ring between the cortex and pith or separated from each other by ground tissues. In some
monocotyledons the vascular cylinders are scattered throughout the stem. Regardless of their arrangement,
however, the multiple vascular columns form strands from the leaves to the roots, moving water and nutrients
where they are most needed. Cells of the left phloem and right xylem. All plants, including trees, start life as
seedlings whose bodies are composed wholly of primary tissues. In this respect, young trees are structurally
analogous to the herbaceous plants. It is the conversion of a seedling from an herbaceous plant to a woody
plant that marks the initiation of tree-specific structures. In dicotyledonous and coniferous i. The cambium
forms the wood and the inner bark of the tree and is responsible for thickening the plant, whereas the apical
meristems are responsible for forming and elongating the primary plant body. A vascular cambium forms in
conifers and dicotyledons and to a lesser extent in some monocotyledons and cycads. Tree ferns do not
develop a vascular cambium; hence, no secondary thickening of the trunk takes place in the usual sense. The
formation of the vascular cambium is initiated when cells between the columns of vascular tissue connect the
cambia inside the columns of vascular tissue to form a complete cylinder around the stem. The cells formed
toward the inside are called secondary xylem , or wood, and those formed toward the outside of the cambium
are called secondary phloem. The bark and the wood together constitute the secondary plant body of the tree.
The woody vascular tissue provides both longitudinal and transverse movement for carbohydrates and water.
The vascular cambium consists of two types of cells, which together give rise to the secondary xylem and
phloem: The fusiform initials are long cells that give rise to the axial longitudinal system of vascular tissue.
The cells of the axial system are arranged parallel with the long axis of the tree trunk. The ray initials form the
radial system of the bark and wood. These initials are more squat in shape and produce cells oriented
perpendicular to the axial cells. The anatomy and organization of wood Wood is characterized by the presence
of axial and radial structures derived from the fusiform and ray initials, respectively. In conifers the cells of
the axial system are most frequently tracheids , which are designed to form tissues for strength and water
conduction; in hardwoods the axial system is composed primarily of fibres and vessel elements. Having two
cell types permits a division of labour; the fibres serve a largely mechanical function, and the vessel elements
are wide, hollow cells specialized for water conduction. Wood grain is determined by the orientation of the
cells of the axial system and is thus a measure of the longitudinal alignment of the tracheids in a softwood or
fibres and of their predominance. Types of cells present in hardwoods and softwoods. The radial system
functions primarily in the transport of carbohydrates from the inner bark to the wood; there are some
food-storage cells in this system as well, and water movement through the rays is possible. Ray cells interrupt
the interconnections of the tracheids or fibres; hence, wood is split more easily along the wood rays. In many
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species, only the youngest wood carries water and nutrients throughout the plant; this is called sapwood. As
the tree ages, the older inner portions of the sapwood are infiltrated by oils, gums, resins , tannins , and other
chemical compounds. When the cells die, the sapwood has been converted to heartwood , often darker in
colour than the sapwood. Heartwood , although dead, typically persists for the life of the tree and affords
structural strength unless diseased and can serve as a reservoir of water for the sapwood. In normal or good
growing conditions, the proportion of secondary xylem cells formed is much greater than that of the secondary
phloem, as much as 10â€”20 to 1, but in extremely stressful years or situations the phloem is less affected, and
the ratio may drop below 1. In most cases, the phloem operates in food transport for only a single year, while
the xylem of most species may function in sap conduction for several years before it loses functionality and
becomes heartwood. The tree annually produces more wood than it needs for conduction and support under
most conditions; i. In contrast, there is a much smaller margin of safety in phloem production; hence, it has
higher priority of allocation of the energy resources of the tree. Under extremely stressful conditions, annual
xylem production may be zero even while some phloem continues to be formed. Branching is a significant
characteristic in trees. Most conifers form a well-defined dominant trunk with smaller lateral branches
excurrent branching. Many angiosperms show for some part of their development a well-defined central axis,
which then divides continually to form a crown of branches of similar dimensions deliquescent branching.
This can be found in many oaks , the honey locust Gleditsia triacanthos , the silver linden Tilia tomentosa ,
and the American elm Ulmus americana. The palms illustrate the third major tree form, columnar, in which
the central axis develops without branching until the apex of the bole. Growth ring formation probably
evolved late in the Paleozoic Era in response to seasonal changes in water availability. While tree height is
closely associated with the quality of the site on which the tree is growing i. For this reason, the width of
growth rings has been used to provide information on past climates as well as to date events of the past.
Dendroclimatology and dendrochronology are names given to these fields of study. Historically, growth rings
also called growth increments were called annual rings. Modern understanding of seasonal wood formation
now recognizes that many trees, particularly in the tropics and subtropics, form rings not on an annual basis
but rather in response to various cyclic environmental conditions. Growth rings are visible because of the
differences in cell types, characteristics, and arrangement between these cycles. Within a growth ring, those
cells responsible for the conduction of water rapidly become devoid of cell contents because they must be
empty and dead at functional maturity. The hollow centre of a cell is called the lumen.
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How A Tree Grows Trees Grow UP Trees grow taller when new cells are produced at the tips of twigs, causing the twigs
to grow longer. Trees grow OUT.

View Obstruction Tree roots are arguably the most important part of a tree as the tree gains nutrients, oxygen,
and water from its roots and healthy tree roots not only supply these health-giving components, but also
supply strength and stability for the tree. The potential for tree damage failure is also increased when tree roots
are severed or cut. Severing roots, even a couple of feet away from a tree, can severely damage its nutrient
uptake, as well as its stability system, which may create a hazard. Root Structure The structure of a tree root
system is comprised of large perennial roots and smaller, shorter-lived feeder roots. Perennial tree roots are
woody and grow horizontally, primarily in the top 6 to 24 inches of soil. Rarely do they grow deeper than 3 to
7 feet. These roots anchor the tree, store food and water, and conduct water and nutrients into the tree. Because
feeder roots do most of the water and mineral absorption, these roots grow predominantly upward and outward
from the large perennial roots near the soil surface. Feeder roots die and are replaced regularly. Soil conditions
also affect the growth and development of the root system. Soils that are compacted have fewer nutrients and
less water than uncompacted soils. Soil compaction occurs naturally at greater depth, which also reduces the
availability of water, nutrients, and oxygen. If soil compaction occurs at the surface, root growth is restricted.
Root Problems There are many ways that roots develop problems, which may be avoided or mitigated with
proper care. One of the most damaging of problems is soil compaction. Soil compaction leads to a reduction of
oxygen and water availability and is frequently associated with construction equipment, parking lots, roads,
etc. Another problem for roots is a change in soil depth. If root depth increases by as little as 4 to 6 inches,
oxygen and water availability is significantly affected. If soil depth is decreased and roots are exposed, water
availability is again reduced â€” and roots are exposed to injury without the soil buffer. Improper watering,
both under- and overwatering, also leads to an unhealthy root system. Overwatering reduces oxygen and
underwatering leads to poor root growth. Root systems with girdling roots or that have insufficient room to
grow also develops problems. As you can see, any change in soil condition, water supply, or oxygen supply
can be very detrimental. With this in mind, it is safe to say that root problems become tree problems, including
limb and tree failure. Trees are stressed due to improper watering, soil compaction, change in soil depth, and
injury, and any of these stresses can lead to disease and insect susceptibility. Fungi attack tree roots. When
large perennial roots are attacked, growth is suppressed, structural support and food storage is reduced, and
food-transporting cells decay. When feeder roots are attacked the nutrient- and water-absorbing capability is
reduced. Symptoms of dead roots and the reduction of water and nutrient uptake appear in the tree canopy as
unhealthy foliage â€” such as yellowing, scorching, and dieback. Fungal growth may appear at the base of the
tree as well as under the bark. Insects attack in three ways â€” chewing, sucking, or boring. Chewing and
sucking insects affect leaves, and this reduces food production; boring insects disrupt the transfer of water and
nutrients. Prevention To prevent root problems, which lead to whole tree problems, keep soil from being
compacted, ensure adequate soil depth, adequate water and nutrient supply, and adequate space for roots to
grow. Evergreen Arborist Consultants, Inc. We provide expert witness and litigation support for construction
defect, tree root damage cases resulting from severed tree roots, and roots that cause damage to infrastructure
such as sidewalks, foundations, and sewer pipes. Call or email us today.
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In botany, a tree is a perennial plant with an elongated stem, or trunk, supporting branches and leaves in most
calendrierdelascience.com some usages, the definition of a tree may be narrower, including only woody plants with
secondary growth, plants that are usable as lumber or plants above a specified height.

They can be discriminated using a range of features. In response to the concentration of nutrients, roots also
synthesise cytokinin , which acts as a signal as to how fast the shoots can grow. Roots often function in
storage of food and nutrients. The roots of most vascular plant species enter into symbiosis with certain fungi
to form mycorrhizae , and a large range of other organisms including bacteria also closely associate with roots.
Whereas Stem-branching and leaves those develop as buds are exogenous, i. This system can be extremely
complex and is dependent upon multiple factors such as the species of the plant itself, the composition of the
soil and the availability of nutrients. For example, a root system that has developed in dry soil may not be as
efficient in flooded soil, yet plants are able to adapt to other changes in the environment, such as seasonal
changes. The main terms used to classify the architecture of a root system are: All components of the root
architecture are regulated through a complex interaction between genetic responses and responses due to
environmental stimuli. These developmental stimuli are categorised as intrinsic, the genetic and nutritional
influences, or extrinsic, the environmental influences and are interpreted by signal transduction pathways. The
main hormones intrinsic stimuli and respective pathways responsible for root architecture development
include: Auxin â€” Auxin promotes root initiation, root emergence and primary root elongation. Cytokinins
â€” Cytokinins regulate root apical meristem size and promote lateral root elongation. Gibberellins â€”
Together with ethylene they promote crown primordia growth and elongation. Together with auxin they
promote root elongation. Gibberellins also inhibit lateral root primordia initiation. Ethylene â€” Ethylene
promotes crown root formation. Growth[ edit ] Roots of trees Early root growth is one of the functions of the
apical meristem located near the tip of the root. The meristem cells more or less continuously divide,
producing more meristem, root cap cells these are sacrificed to protect the meristem , and undifferentiated root
cells. The latter become the primary tissues of the root, first undergoing elongation, a process that pushes the
root tip forward in the growing medium. Gradually these cells differentiate and mature into specialized cells of
the root tissues. Secondary growth encompasses all growth in diameter, a major component of woody plant
tissues and many nonwoody plants. For example, storage roots of sweet potato have secondary growth but are
not woody. Secondary growth occurs at the lateral meristems , namely the vascular cambium and cork
cambium. The former forms secondary xylem and secondary phloem , while the latter forms the periderm. As
secondary xylem accumulates, the "girth" lateral dimensions of the stem and root increases. As a result, tissues
beyond the secondary phloem including the epidermis and cortex, in many cases tend to be pushed outward
and are eventually "sloughed off" shed. The roots from one side of a tree usually supply nutrients to the
foliage on the same side. Some families however, such as Sapindaceae the maple family , show no correlation
between root location and where the root supplies nutrients on the plant. Over time, roots can crack
foundations, snap water lines, and lift sidewalks. Roots will shy or shrink away from dry [13] or other poor
soil conditions. Gravitropism directs roots to grow downward at germination , the growth mechanism of plants
that also causes the shoot to grow upward. Shade Avoidance Root Response[ edit ] In order to avoid shade,
plants utilize a shade avoidance response. When a plant is under dense vegetation, the presence of other
vegetation nearby will cause the plant to avoid lateral growth and experience an increase in upward shoot, as
well as downward root growth. In order to escape shade, plants adjust their root architecture, most notably by
decreasing the length and amount of lateral roots emerging from the primary root. Experimentation of mutant
variants of Arabidospis thaliana found that plants sense the Red to Far Red light ratio that enters the plant
through photoreceptors known as phytochromes. The phytochrome PhyA that senses this Red to Far Red light
ratio is localized in both the root system as well as the shoot system of plants, but through knockout mutant
experimentation, it was found that root localized PhyA does not sense the light ratio, whether directly or
axially, that leads to changes in the lateral root architecture. Research has also found that phytochrome
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completes these architectural changes through the manipulation of auxin distribution in the root of the plant.
This stabilized transcription factor is then able to be transported to the roots of the plant through the phloem ,
where it proceeds to induce its own transcription as a way to amplify its signal. In the roots of the plant HY5
functions to inhibit an auxin response factor known as ARF19, a response factor responsible for the translation
of PIN3 and LAX3, two well known auxin transporting proteins. With this complex manipulation of Auxin
transport in the roots, lateral root emergence will be inhibited in the roots and the root will instead elongate
downwards, promoting vertical plant growth in an attempt to avoid shade. In an attempt to discover the role
that phytochrome plays in lateral root development, Salisbury et al. To do this, Salisbury et al. From these
research, Salisbury et al. To do this, they took Arabidopsis plants, grew them in agar gel , and exposed the
roots and shoots to separate sources of light. From here, they altered the different wavelengths of light the
shoot and root of the plants were receiving and recorded the lateral root density, amount of lateral roots, and
the general architecture of the lateral roots. To identify the function of specific photoreceptors, proteins, genes,
and hormones, they utilized various Arabidopsis knockout mutants and observed the resulting changes in
lateral roots architecture. Through their observations and various experiments, van Gelderen et al. Please help
improve this section by adding citations to reliable sources. Unsourced material may be challenged and
removed. March Learn how and when to remove this template message A true root system consists of a
primary root and secondary roots or lateral roots. Most common in monocots. The main function of the fibrous
root is to anchor the plant. Stilt roots of Maize plant Roots forming above ground on a cutting of an
Odontonema "Firespike" Aerating roots of a mangrove The growing tip of a fine root Aerial root The stilt
roots of Socratea exorrhiza Visible roots The roots, or parts of roots, of many plant species have become
specialized to serve adaptive purposes besides the two primary functions[ clarification needed ], described in
the introduction. Adventitious roots arise out-of-sequence from the more usual root formation of branches of a
primary root, and instead originate from the stem, branches, leaves, or old woody roots. They commonly occur
in monocots and pteridophytes, but also in many dicots , such as clover Trifolium , ivy Hedera , strawberry
Fragaria and willow Salix. Most aerial roots and stilt roots are adventitious. In some conifers adventitious
roots can form the largest part of the root system. Aerating roots or knee root or knee or pneumatophores or
Cypress knee: In some plants like Avicennia the erect roots have a large number of breathing pores for
exchange of gases. Many aerial roots are used to receive water and nutrient intake directly from the air - from
fogs, dew or humidity in the air. Other aerial roots, such as mangrove aerial roots, are used for aeration and
not for water absorption. Other aerial roots are used mainly for structure, functioning as prop roots, as in maize
or anchor roots or as the trunk in strangler fig. In some Epiphytes - plants living above the surface on other
plants, aerial roots serve for reaching to water sources or reaching the surface, and then functioning as regular
surface roots. They have a wrinkled surface. These roots have some ability to absorb water and nutrients, but
their main function is transport and to provide a structure to connect the smaller diameter, fine roots to the rest
of the plant. They are often heavily branched and support mycorrhizas. Proteoid roots or cluster roots: They
grow down from lateral branches, branching in the soil. They include some taproots and tuberous roots. Where
conditions are close to optimum in the surface layers of soil, the growth of surface roots is encouraged and
they commonly become the dominant roots. A type of storage root distinct from taproot. Depths[ edit ] Cross
section of a mango tree The distribution of vascular plant roots within soil depends on plant form, the spatial
and temporal availability of water and nutrients, and the physical properties of the soil. The deepest roots are
generally found in deserts and temperate coniferous forests; the shallowest in tundra, boreal forest and
temperate grasslands. The deepest observed living root, at least 60 metres below the ground surface, was
observed during the excavation of an open-pit mine in Arizona, USA. Some roots can grow as deep as the tree
is high. The majority of roots on most plants are however found relatively close to the surface where nutrient
availability and aeration are more favourable for growth. Rooting depth may be physically restricted by rock
or compacted soil close below the surface, or by anaerobic soil conditions.
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