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Lecture 5

Plant Form

the plant kingdom has great diversity, not only among its many phyla but even within species. The
earliest vascular plants, many of which are extinct, did not have a clear differentiation of the plant body
into specialized organs such as roots and leaves.

Among modern vascular plants, the presence of these organs reflects increasing specialization,

particularly in relation to the demands of a terrestrial existence.
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Vascular plants have roots and shoots
A vascular plant consists of a root system and a shoot system (figure 5.1). Roots and shoots grow at

their tips, which are called apices (singular, apex).
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The root system anchors the plant and penetrates the soil, from which it absorbs water and ions

crucial for the plant’s nutrition. Root systems are often extensive, and growing roots can exert great

force to move matter as they elongate and expand. Roots evolved later than the shoot system as an

adaptation to living on land.
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The shoot system consists of the stems and their leaves. Stems serve as a scaffold for carrying

the leaves, the principal sites of photosynthesis. The arrangement, size, and other features of the leaves

are very important in the plant’s production of food. Flowers, other reproductive organs, and ultimately,

fruits and seeds are also formed on the shoot.
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The unit of the vegetative shoot consists of the internode, node, leaf, and axillary bud, but not

reproductive structures. An axillary bud is a lateral shoot apex that allows the plant to branch or

replace the main shoot if it is eaten by an herbivore. A vegetative axillary bud has the capacity to

replace the primary shoot. When the plant has shifted to the reproductive phase of development,

these axillary buds may produce flowers or floral shoots.
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Figure (5.1): Diagram of a plant body.
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Roots and shoots are composed of three types of tissues

Plant cell types can be distinguished by the size of their vacuoles, whether they are living or not

at maturity, and by the thickness of their cellulose cell walls, a distinguishing feature of plant cells.

Some cells have only a primary cell wall of cellulose, synthesized by the protoplast near the cell

membrane.
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heavily reinforced cell walls with multiple layers of cellulose and other strengthening

molecules, including lignin and pectin. Cellulose layers are laid down at angles to adjacent layers like

plywood; this enhances the strength of the cell wall.
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Roots, shoots, and leaves all contain three basic types of tissues: dermal, ground, and vascular

tissue. Because each of these tissues extends through the root and shoot systems, they are called

tissue systems.
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Dermal tissue, primarily epidermis, is one cell layer thick in most plants, and it forms an outer
protective covering for the plant. Ground tissue cells function in storage, photosynthesis, and secretion, in
addition to forming fibers that support and protect plants. Vascular tissue conducts fluids and dissolved

substances throughout the plant body.
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New gl’OWth occurs at meristems

When a seed sprouts, only a tiny portion of the adult plant exists. Although embryo cells can undergo
division and differentiation to form many cell types, the fate of most adult cells is more restricted. Further
development of the plant body depends on the activities of meristems found in shoot and root apices, as
well as other parts of the plant.

Meristem cells are undifferentiated cells that can divide indefinitely and give rise to many

types of differentiated cells.

AN DI E SRV INERE PO
seletlly plueas¥! LeSlay il WA 01 e Led (L1 bl o add i o 3o Il (8)dd) gl 3yl wic
e oLl pd 3oM1 gkt datang Juas ASTAILI W elane pume o Y1 (L) 1531 (o ASS (098]

NCA UL IV STEA PAT R BT PRSTRES PYLTOM EVE It RYESN PRSI ENIAD. ¢
LSl Dobail (pe pall  Janie sizme pd Kby i (o (S0 Buaaduio 48 LS (B Gcariuwall LR

Overview of meristems

Meristems are clusters of small cells with dense cytoplasm and proportionately large nuclei

that act as stem cells do in animals. That is, one cell divides to give rise to two cells, of which one

remains meristematic, while the other undergoes differentiation and contributes to the plant

body (figure 5.2). In this way, the population of meristem cells is continually renewed.
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Figure (5.2): Meristem cell division.

Apical meristems

Apical meristems are located at the tips of stems and roots (figure 5.3). During periods of growth,

the cells of apical meristems divide and continually add more cells at the tips. Tissues derived from

apical meristems are called primary tissues, and the extension of the root and stem forms what is

known as the primary plant body. The primary plant body comprises the young, soft shoots and roots

of atree or shrub, or the entire plant body in some plants.
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The apical meristem gives rise to the three tissue systems. The three primary meristems are:

1. The protoderm, which forms the epidermis.

2. The procambium, which produces primary vascular tissues (primary xylem for water

transport and primary phloem for nutrient transport).

3. The ground meristem, which differentiates further into ground tissue.
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In some plants, such as horsetails and corn, intercalary meristems arise in stem internodes

(spaces between leaf attachments), adding to the internode lengths
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Lateral meristems

Many herbaceous plants (that is, plants with fleshy, not woody, stems) exhibit only primary growth,
but others also exhibit secondary growth, which may result in a substantial increase of diameter.

Secondary growth is accomplished by the lateral meristems-peripheral cylinders of meristematic

tissue within the stems and roots that increase the girth (diameter) of gymnosperms and most
angiosperms. Lateral meristems form from ground tissue that is derived from apical meristems. Monocots

are the major exception (figure 5.4).
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Within the bark of a woody stem (woody plants):

1. The cork cambium-a lateral meristem that contributes to the outer bark of the tree.

2. Thevascular cambium (just beneath the bark) is the lateral meristem that produces

secondary vascular tissue. The vascular cambium forms between the xylem and phloem

in vascular bundles, adding secondary vascular tissue to both of its sides. Xylem is

added to the inside of the vascular cambium, and phloem is added to the outside.
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Figure (5.3): Apical meristems.
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Figure (5.4): Apical and lateral meristems.
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Roots are adapted for growing underground and absorbing water and solutes

Roots have a simpler pattern of organization and development than stems, and we will consider them
first. Keep in mind, however, that roots evolved after shoots and are a major innovation for terrestrial
living.
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Four regions are commonly recognized in developing roots: the root cap, the zone of cell

division, the zone of elongation, and the zone of maturation (figure 5.5). In these last three zones,

the boundaries are not clearly defined.
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Figure (5.5): Root structure. A root tip in corn, Zea mays.
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1. The root cap

The root cap has no equivalent in stems. It is composed of two types of cells: the inner

columella cells (they look like columns), and the outer, lateral root cap cells, which are

continuously replenished by the root apical meristem. In some plants with larger roots the root cap is

quite obvious. Its main function is to protect the delicate tissues behind it as growth extends the root

through mostly abrasive soil particles.
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Golgi bodies in the outer root cap cells secrete and release a slimy substance called mucigel that

passes through the cell walls to the outside. The root cap cells, which have an average life of less than a

week, are constantly being replaced from the inside, forming mucigel, which eases the root through

the soil. The slimy mass also provides a medium for the growth of beneficial nitrogen fixing

bacteria in the roots of plants such as legumes. A new root cap is produced when an existing one is

artificially or accidentally removed from a root.
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The root cap also functions in the perception of gravity. The columella cells are highly specialized,

with the endoplasmic reticulum in the periphery and the nucleus located at either the middle or the top of

the cell. They contain no large vacuoles. Columella cells contain amyloplasts (plastids with starch

grains) that collect on the sides of cells facing the pull of gravity. When a potted plant is placed on its

side, the amyloplasts drift or tumble down to the side nearest the source of gravity, and the root bends in

that direction.
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The precise nature of the gravitational response is unknown, but some evidence indicates that

calcium ions in the amyloplasts influence the distribution of growth hormones (auxin in this case)

in the cells. Multiple signaling mechanisms may exist, because bending has been also observed in the

absence of auxin.
B p e ulSII SUgl o S ais oY) (aay o W) o s ll 2 dg a0y 2odlaell Al ¥ Aads o)

Soe pa5 Ll g5 5y LN 3 (ALt sn § coasS¥1) grail liger asies § 1345 Augdl) laial

2. The zone of cell division.
3. The zone of elongation.
4. The zone of maturation
The cells that have elongated in the zone of elongation become differentiated into specific cell types in

the zone of maturation (figure 5.6, see also figure 5.5). The cells of the root surface cylinder mature

into epidermal cells, which have a very thin cuticle, and include both root hair and nonhair cells.

Although the root hairs are not visible until this stage of development.

ol Aahis 2
e dahie .3
aradll dilaie 4

il dabis 3 Lomseill LI (o Lelosl moat) ozl 2akie 3 Lllhaiwl ces A LI 5olass
Bydid ellias A1 Byl LS Jaaad pioel o B glal LIS iaisy (5.5) il Lyl sy (6.5) JSad!

https://manara.edu.sy/

12


https://manara.edu.sy/
https://manara.edu.sy/

iz

6)li_aJl

s (A Lo e Lyl &l pa il ol 229 A O3 (e Sylg Lyl Slaad LIS o ddy Joo> 448,

slasll) Aball e il

— Epidermis

— Cortex

Endodermis
(contains
Casparian strip)

—— Primary phloem

Monocot

. B Primary xylem

Endodermis
(contains
Casparian strip)

Primary xylem

Endodermis

Cortex e O ReY s o ML — -~ —Primary phioem

Eudicot

Epidermis

Pericycle
M > -
T [ pgX O NS
Lo . P AN A
LREY. = AN
| I—
20 um

Figure (5.6): Cross sections of the zone of maturation of roots.

Endodermal primary walls are impregnated with suberin, a fatty substance that is impervious

to water. The suberin is produced in bands, called Casparian strips, that surround each adjacent

endodermal cell wall perpendicular to the root’s surface (figure 5.7). These strips block transport
between cells. The two surfaces that are parallel to the root surface are the only way into the vascular

tissue of the root, and the plasma membranes control what passes through.
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Figure (5.7): Casparian strip.

Stages in the differentiation of plant tissues
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Modified roots accomplish specialized functions

Most plants produce either a taproot system, characterized by a single large root with smaller branch
roots, or a fibrous root system, composed of many smaller roots of similar diameter. Some plants,
however, have intriguing root modifications with specific functions in addition to those of anchorage and

absorption:
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® Prop roots: Some monocots, such as corn, produce thick adventitious roots from the lower parts of

the stem. These so-called prop roots grow down to the ground and brace the plants against wind

(figure 5.8 a).

® Aerial roots: Plants such as epiphytic orchids, which are attached to tree branches and grow

unconnected to the ground (but are not parasites), have roots that extend into the air ( figure

5.8 b).
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® Pneumatophores: Some plants that grow in swamps and other wet places may produce spongy

outgrowths above water, facilitating oxygen uptake in the roots beneath ( figure 5. 8 c).

® Water storage roots: Some members of the pumpkin family (Cucurbitaceae), especially those that

grow in arid regions, may produce water storage roots (figure 5. 8 d).

® Buttress roots: Certain species of fig and other tropical trees produce huge buttress roots toward

the base of the trunk, which provide considerable stability (figure 5.8 e).
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Figure (5.8): Five types of modified roots.

End of lecture
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