STEM BRANCHING PATTERN 
The below- or above-ground stems or shoots of a plant often exhibit characteristic branching patterns. Branching pattern is determined by the relative activity of apical meristems, both the original shoot apical meristem derived from the seedling epicotyl and apical meristems subsequently derived from lateral buds. One major feature of branching pattern has to do with the duration of apical meristematic growth of a shoot. If a given shoot has the potential for unlimited growth, such that the apical meristem is continuously active, the growth is termed indeterminate. If instead a shoot terminates growth after a period of time, with either the abortion of the apical meristem or its conversion into a flower, inflorescence or specialized structure (such as a thorn or tendril), the growth is termed determinate. (Note that these same terms are used for inflorescence development. Two other, related terms have to do with flowering). A determinate shoot that completely transforms into a flower or inflorescence is called hapaxanthic. An indeterminate shoot that bears lateral flowers but that continues vegetative growth is termed pleonanthic.
Many different models of stem branching pattern have been described. These models may be of taxonomic value, they may represent evolutionary adaptations to a given environment or life strategy. Three general terms focus on the developmental origin of a given branch or axis. If a given stem axis is derived from growth of a single apical meristem, the pattern is termed monopodial. The monopodial axis may grow indefinitely and thus be indeterminate.
In contrast, if a given axis (which may appear to be a single, continuous structure) is made up of numerous units that are derived from separate apical meristems, the branching pattern is sympodial. These sympodial units arise from lateral buds that are proximal to the apical meristem of the original shoot. Many rhizomes have sympodial growth. Finally, a rare type of branching is dichotomous, in which a single apical meristem divides equally into branches, e.g., Psilotum
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TWIGS AND BUDS 
Twigs are the woody, recent-growth branches of trees or shrubs. Buds are immature shoot systems that develop from meristematic regions. In deciduous woody plants the leaves fall off at the end of the growing season and the outermost leaves of the buds may develop into protective bracts (modified leaves) known as bud scales. The bud of a twig that contains the original apical meristem of the shoot (which by later growth may result in further extension of the shoot) is called the terminal or apical bud. Buds formed in the axils of leaves are called axillary or lateral buds.
A given bud may be vegetative, if it develops into a vegetative shoot bearing leaves; floral or inflorescence, if it develops into a flower or inflorescence; or mixed, if it develops into both flower(s) and leaves. In some species more than one axillary bud forms per node. Two or more axillary buds that are oriented sideways are called collateral buds; two or more axillary buds oriented vertically are called superposed buds. If the original terminal apical meristem of a shoot aborts (e.g., by ceasing growth or maturing into a flower), then an axillary bud near the shoot apex may continue extension growth; because this axillary bud assumes the function of a terminal bud, it is called a pseudoterminal bud.
Several scars may be identified on a woody, deciduous twig. These include the leaf scar, leaf vascular bundle scars, stipule scars (if present), and bud scale scars. Bud scale scars represent the point of attachment of the bud scales of the original terminal bud after resumption of growth during the new season. Thus, bud scale scars represent the point where the branch ceased elongation the previous growing season; the region between adjacent bud scale scars represents a single year’s growth.
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FIGURE 9.5 Stem branching patterns.

shoot. If a given shoot has the potential for unlimited growth,
such that the apical meristem is continously active, the growth
is termed indeterminate. If instead a shoot terminates growth
after a period of time. with either the abortion of the apical
meristem or its conversion into a flower, inflorescence or spe-
cialized structure (such as a thom or tendril), the growth is
termed determinate. (Note that these same terms are used
for inflorescence development; see later discussion.) Two
other, related terms have to do with flowering. A determinate
shoot that completely transforms into a flower or inflores-
cence is called hapaxanthic. An indeterminate shoot that
bears lateral flowers but that continues vegetative growth is
termed pleonanthic.

Many different modeis of stem branching pattern have
been described (e.g., see Hall@ et al. 1978). These models
may be of taxonomic value and are interesting from a bio-
mechanical perspective, as they may represent evolutionary
adaptations to a given environment or lifc strategy. Three
general terms focus on the developmental origin of a given
branch or axis. If a given stem axis is derived from growth of
a single apical meristem, the pattern is termed monopodial.
The monopodial axis may grow indefinitely and thus be inde-
terminate. In contrast, if a given axis (which may appear to be
a single, continuous structure) is made up of numerous units
that are derived from separate apical meristems, the branch-
ing pattern is sympodial. These sympodial units arise from
lateral buds that are proximal to the apical meristem of the
original shoot. Many rhizomes have sympodial growth.
Finally, a rare type of branching is dichotomous, in which a

single apical meristerm divides equally into branches, e.g.,
Psilotum.

Twics, Trunks, ano Bups (Figure 9.6)

Twigs are the woody, recent-growth branches of trees or
shrubs. Buds are immature shoot systems that develop from
meristematic regions. In deciduous woody plants the leaves
full off at the end of the growing season and the outermost
leaves of the buds may develop into protective bracts
(modified leaves) known as bud scales. The bud of a twig
that contains the original apical meristem of the shoot (which
by later growth may result in further extension of the shoot)
is called the terminal or apical bud. Buds formed in the axils
of leaves are called axillary or lateral buds.

A given bud may be vegetative, if it develops into a vege-
tative shoot bearing leaves; floral or inflorescence, if it
develops into a flower or inflorescence; or mixed, if it devel-
ops into both flower(s) and leaves. In some species more than
one axillary bud forms per node. Two or more axillary buds
that are oriented sideways are called collateral buds; two or
more axillary buds oriented vertically are called superposed
buds. If the original terminal apical meristem of a shoot
aborts (e.g., by ceasing growth or maturing into a flower),
then an axillary bud near the shoot apex may continue exten-
sion growth; because this axillury bud assumes the function
of a terminal bud, it is called a pseudoterminal bud.

Several scars may be identified on a woody, deciduous
twig. These include the leaf scar, leaf vascular bundle scars,
stipule scars (if present), and bud scale scars. Bud scale
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FIGURE 9.6 Twigs parts and bud types. (Ls. = longitudinal section)

scars represent the point of attachment of the bud scales of
the original terminal bud after resumption of growth during
the new season. Thus, bud scale scars represent the point
where the branch ceased elongation the previous growing
season; the region between adjacent bud scale scars repre-
sents a single year s growth.

Bark technically comprises all the tissue outside the vas-
cular cambium of a plant with true wood (see Chapter 10).
The outer bark, or periderm, are the tissues derived from the
cork cambium itself. Morphologically, bark may refer to the
outermost protective tissues of the stems or roots of a plant
with some sort of secondary growth, whether derived from a
true cork cambium or not. Bark types are often good identify-
ing characteristics of plant taxa, particularly of deciduous
trees during the time that the leaves have fallen. Various bark
types include:

1. Exfoliating, a bark that cracks or splits into large sheets

2. Fissured. a bark split or cracked into vertical or horizon-
tal grooves

3. Plated, a bark split or cracked, with flat plates between
the fissures

4. Shreddy, bark coarsely fibrous

5. Smooth, a non-fibrous bark without fissures, fibers,
plates, or exfoliating sheets

LEAVES

Leaves are the primary photosynthetic organs of plants,
functioning also as the main site of transpiration. Leaves are
derived from leaf primordia of the shoot apex and are, at least
early in development, generally dorsiventrally flattened
(i.e., with dorsal and v entral sides; see Position). A leaf
can be gametophytic, in the leafy liverworts and mosses,
or sporophytic, in the vascular plants. As mentioned earlier,
sporophytic leaves characteristically are associated with buds,
immature shoot systems, typically located in the axils of
leaves. Buds may grow to form lateral vegetative branches
or reproductive structures (see later discussion).

Lear Parts (Figures 9.7, 9.8, 9.9)

The expanded. flat portion of the leaf, which contains
the bulk of the chloroplasts, is termed the blade or lamina.
Many leaves also have a proximal stalk, the petiole or (e.g.,
in ferns) the stipe. A leaf or leaf part (typically at the base)
that partially or fully clasps the stem above the node is a leaf
sheath, such as in the Poaceae (grasses) and many Apiaceae.
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scars represent the point of attachment of the bud scales of
the original terminal bud after resumption of growth during
the new season. Thus, bud scale scars represent the point
where the branch ceased elongation the previous growing
season; the region between adjacent bud scale scars repre-
sents a single year s growth.

Bark technically comprises all the tissue outside the vas-
cular cambium of a plant with true wood (see Chapter 10).
The outer bark, or periderm, are the tissues derived from the
cork cambium itself. Morphologically, bark may refer to the
outermost protective tissues of the stems or roots of a plant
with some sort of secondary growth, whether derived from a
true cork cambium or not. Bark types are often good identify-
ing characteristics of plant taxa, particularly of deciduous
trees during the time that the leaves have fallen. Various bark
types include:

1. Exfoliating, a bark that cracks or splits into large sheets

2. Fissured. a bark split or cracked into vertical or horizon-
tal grooves

3. Plated, a bark split or cracked, with flat plates between
the fissures

4. Shreddy, bark coarsely fibrous

5. Smooth, a non-fibrous bark without fissures, fibers,
plates, or exfoliating sheets

LEAVES

Leaves are the primary photosynthetic organs of plants,
functioning also as the main site of transpiration. Leaves are
derived from leaf primordia of the shoot apex and are, at least
early in development, generally dorsiventrally flattened
(i.e., with dorsal and v entral sides; see Position). A leaf
can be gametophytic, in the leafy liverworts and mosses,
or sporophytic, in the vascular plants. As mentioned earlier,
sporophytic leaves characteristically are associated with buds,
immature shoot systems, typically located in the axils of
leaves. Buds may grow to form lateral vegetative branches
or reproductive structures (see later discussion).

Lear Parts (Figures 9.7, 9.8, 9.9)

The expanded. flat portion of the leaf, which contains
the bulk of the chloroplasts, is termed the blade or lamina.
Many leaves also have a proximal stalk, the petiole or (e.g.,
in ferns) the stipe. A leaf or leaf part (typically at the base)
that partially or fully clasps the stem above the node is a leaf
sheath, such as in the Poaceae (grasses) and many Apiaceae.




