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Campbell Biology Chapter 37 US: Understanding Plant Structure and Growth

campbell biology chapter 37 us delves into the fascinating world of plant
structure and growth, a crucial topic for understanding the foundation of
terrestrial ecosystems and the vital role plants play in our lives. This
chapter meticulously examines the intricate organization of plant tissues,
from the cellular level to the macroscopic structures that define a plant's
form. We will explore the diverse functions of roots, stems, and leaves, and
how their specialized tissues contribute to survival and reproduction.
Furthermore, this detailed exploration will illuminate the dynamic processes
of plant growth, including the roles of meristems and hormones, and how these
processes are regulated throughout a plant's life cycle. Understanding these
fundamental principles is key to appreciating plant biology and its
implications for agriculture, environmental science, and beyond.
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Plant Tissues: The Building Blocks of Plants

Campbell Biology Chapter 37 US emphasizes that plants, like all multicellular
organisms, are organized into tissues, which are groups of specialized cells
that perform specific functions. These tissues are further organized into
organs, such as roots, stems, and leaves. Understanding plant tissues is
fundamental to comprehending how plants function and adapt to their
environments. The plant body is broadly divided into two main organ systems:
the root system and the shoot system. The root system is typically below
ground and is responsible for anchorage, water absorption, and mineral
nutrient uptake. The shoot system is generally above ground and consists of
stems, leaves, and reproductive structures like flowers and fruits.

Dermal Tissue: The Protective Outer Layer

The dermal tissue system forms the outermost protective layer of the plant
body, analogous to the epidermis in animals. In non-woody plants, this layer
is called the epidermis, which is typically a single layer of tightly packed



cells that protects against water loss, pathogen invasion, and physical
damage. The epidermis also contains specialized structures. For instance, in
leaves and some stems, it may be covered by a waxy cuticle, which further
reduces water evaporation. In roots, the epidermal cells often differentiate
to form root hairs, which greatly increase the surface area for water and
mineral absorption from the soil.

Ground Tissue: The Workhorse of the Plant

The ground tissue system constitutes the bulk of the plant body and performs
a variety of functions, including photosynthesis, storage, and structural
support. It is found between the vascular and dermal tissues. Three types of
ground tissue are commonly recognized: parenchyma, collenchyma, and
sclerenchyma. Parenchyma cells are the most abundant and versatile plant
cells, characterized by thin, flexible primary walls. They are involved in
metabolic functions such as photosynthesis and respiration, and can also
store food reserves. Collenchyma cells have unevenly thickened primary walls
and provide flexible support to growing stems and leaves, allowing them to
bend without breaking. Sclerenchyma cells, on the other hand, have rigid
secondary walls that are often reinforced with lignin, making them strong and
supportive. Mature sclerenchyma cells are typically dead at functional
maturity, providing structural support to non-growing parts of the plant,
such as in the fibers of wood.

Vascular Tissue: The Transport Network

The vascular tissue system is responsible for long-distance transport of
water, minerals, and sugars throughout the plant, and also provides
mechanical support. It forms a continuous network throughout the plant body,
connecting the roots to the stems and leaves. The two types of vascular
tissue are xylem and phloem. Xylem conducts water and dissolved minerals from
the roots to the rest of the plant. It is composed of tracheids and vessel
elements, which are dead, hollow cells that form continuous tubes. Phloem
transports sugars produced during photosynthesis from the leaves to other
parts of the plant where they are needed for growth or storage. Phloem is
composed of sieve-tube elements and companion cells. Sieve-tube elements are
living cells that form sieve tubes, while companion cells are intimately
associated with sieve-tube elements and provide metabolic support.

The Root: Anchorage and Absorption

Campbell Biology Chapter 37 US dedicates significant attention to the root
system, a vital organ responsible for anchoring the plant in the soil and
absorbing water and essential mineral nutrients. The structure of the root is



highly adapted to these functions, with specialized tissues and regions that
facilitate efficient uptake and transport.

Root Structure and Function

The primary function of the root is to anchor the plant firmly in the ground,
preventing it from being dislodged by wind or water. This anchorage is
crucial for maintaining the plant's upright position, allowing its leaves to
access sunlight. Beyond anchorage, the root system is the primary site for
the absorption of water and dissolved mineral nutrients from the soil. These
absorbed substances are then transported upwards through the vascular tissues
to the rest of the plant. In many plant species, roots also serve as storage
organs for carbohydrates and other nutrients, which can be mobilized during
periods of stress or for reproduction.

Root Anatomy

The typical root tip is protected by a root cap, a region of parenchyma cells
that shield the apical meristem, the actively dividing region of cells
responsible for root growth. As the root elongates, the root cap cells slough
off, and new cells are produced by the meristem. Behind the root cap is the
zone of cell division, where new cells are formed through mitosis. Further
back is the zone of elongation, where cells increase in length, pushing the
root tip through the soil. The outermost layer of cells in the mature root is
the epidermis. Root hairs, extensions of epidermal cells, dramatically
increase the surface area for absorption of water and minerals.

Within the epidermis lies the cortex, a region of parenchyma cells that often
stores starch. The innermost layer of the cortex is the endodermis, a
specialized layer of cells containing the Casparian strip, a waxy layer that
regulates the passage of water and dissolved substances into the vascular
cylinder, ensuring that the plant can control which nutrients enter its
transport system. Inside the endodermis is the vascular cylinder (or stele),
which contains the xylem and phloem for transport.

The Stem: Support and Transport

Campbell Biology Chapter 37 US describes the stem as the plant organ that
generally grows above ground, serving as a conduit for transport between the
roots and leaves, and providing structural support. Stems bear leaves and
reproductive structures, and their branching patterns can significantly
influence a plant's ability to capture sunlight.



Stem Anatomy and Function

The stem's primary role is to elevate and position the leaves to maximize
light absorption for photosynthesis. It also transports water and minerals
from the roots to the leaves via the xylem, and sugars produced in the leaves
to other parts of the plant via the phloem. Stems provide mechanical support,
allowing the plant to stand upright and reach sunlight. In some species,
stems can also be modified for storage (e.g., potato tubers) or for
vegetative propagation.

Vascular Organization in Stems

The arrangement of vascular tissues in stems differs between monocots and
dicots. In dicots (and gymnosperms), vascular bundles are typically arranged
in a ring, with xylem towards the inside and phloem towards the outside,
separated by a region called the vascular cambium (in plants that undergo
secondary growth). This arrangement facilitates secondary growth, leading to
an increase in stem diameter. In monocots, vascular bundles are scattered
throughout the ground tissue, and they generally lack vascular cambium, thus
exhibiting only primary growth and not increasing significantly in diameter.

The Leaf: Photosynthesis and Transpiration

Campbell Biology Chapter 37 US highlights the leaf as the primary site of
photosynthesis, the process by which plants convert light energy into
chemical energy in the form of sugars. Leaves are also critically involved in
transpiration, the evaporation of water from the plant surface, which plays a
role in water transport and temperature regulation.

Leaf Structure and Photosynthesis

A typical leaf is composed of three main tissue systems: dermal, ground, and
vascular. The epidermis, the outermost layer, is usually covered by a cuticle
and contains stomata, pores flanked by guard cells that regulate gas exchange
(carbon dioxide uptake and oxygen release) and transpiration. The ground
tissue, called the mesophyll, is located between the upper and lower
epidermis and is where most photosynthesis occurs. The mesophyll is typically
divided into the palisade mesophyll (elongated cells rich in chloroplasts)
and the spongy mesophyll (irregularly shaped cells with large air spaces that
facilitate gas diffusion).



Stomata and Gas Exchange

Stomata are essential for photosynthesis as they allow for the intake of
carbon dioxide from the atmosphere. However, opening stomata also leads to
water loss through transpiration. The guard cells surrounding each stoma
control its opening and closing in response to environmental factors such as
light intensity, carbon dioxide concentration, and water availability. This
regulation is a delicate balance to ensure sufficient C02 for photosynthesis
while minimizing excessive water loss, especially in arid environments.

The Vascular Cambium and Secondary Growth

While many herbaceous plants primarily exhibit primary growth (increase in
length), woody plants undergo secondary growth, which increases their
diameter. Campbell Biology Chapter 37 US explains that this process is driven
by the activity of two lateral meristems: the vascular cambium and the cork
cambium.

Vascular Cambium Activity

The vascular cambium is a layer of actively dividing cells located between
the primary xylem and primary phloem. Its activity results in the production
of secondary xylem (wood) towards the inside and secondary phloem towards the
outside. The accumulation of secondary xylem over time leads to the formation
of wood, which provides significant structural support and is crucial for
water transport in large trees. The rate of cell division in the vascular
cambium can vary seasonally, leading to the formation of distinct annual
growth rings in many temperate region trees, where lighter spring wood has
larger xylem vessels and darker summer wood has smaller, thicker-walled
vessels.

Cork Cambium and Periderm Formation

The cork cambium, or phellogen, is another lateral meristem that forms in the
outer cortex or phloem of stems and roots undergoing secondary growth. It
produces cork cells, which are impregnated with suberin, a waxy substance
that makes them impermeable to water and gases. These cork cells accumulate
to form the periderm, the outermost protective layer of woody stems and
roots. The periderm replaces the epidermis, which is often sloughed off as
the stem or root expands. Lenticels, small pores in the periderm, allow for
gas exchange in woody stems and roots.



Plant Growth: From Meristems to Hormones

Campbell Biology Chapter 37 US explores the fundamental principles of plant
growth, a continuous process that occurs throughout a plant's life, driven by
cell division and cell elongation. This growth is highly regulated by
internal and external signals.

Meristems: The Sites of Active Growth

Plant growth originates from specific regions of actively dividing cells
called meristems. Apical meristems, located at the tips of roots and shoots,
are responsible for primary growth, increasing the length of the plant.
Lateral meristems, such as the vascular cambium and cork cambium, are
responsible for secondary growth, increasing the diameter of roots and stems
in woody plants.

Hormonal Regulation of Plant Growth

Plant hormones are chemical messengers that regulate various aspects of plant
growth and development. Campbell Biology Chapter 37 US introduces several key
plant hormones:

e Auxins: Primarily produced in young leaves and shoot tips, auxins
promote cell elongation, root formation, and fruit development.

e Gibberellins: Involved in stem elongation, seed germination, and
flowering.

e Cytokinins: Promote cell division and differentiation, and delay leaf
senescence.

e Abscisic Acid (ABA): Plays a role in seed dormancy, stomatal closure,
and stress responses.

e Ethylene: A gaseous hormone that promotes fruit ripening, leaf
abscission, and senescence.

These hormones interact in complex ways to control plant development,
responding to environmental cues and ensuring that growth occurs
appropriately throughout the plant's life cycle.

The interplay between meristematic activity and hormonal signaling is crucial
for orchestrating the intricate patterns of plant growth and development. For
instance, the phototropism of shoots, where they bend towards light, is



mediated by the uneven distribution of auxin in response to unilateral light.
Similarly, gravitropism, the response of roots and shoots to gravity, is also
influenced by auxin. The precise control exerted by these hormones allows
plants to adapt to their surroundings and optimize their chances of survival
and reproduction.

Summary and Key Takeaways

Campbell Biology Chapter 37 US provides a comprehensive overview of plant
structure and growth, laying the groundwork for understanding the fundamental
processes that sustain plant life. We have explored the organization of plant
tissues into dermal, ground, and vascular systems, each with distinct and
vital roles. The chapter detailed the specialized functions of roots for
anchorage and absorption, stems for support and transport, and leaves as the
primary sites for photosynthesis. Furthermore, the mechanisms of secondary
growth, driven by the vascular cambium and cork cambium, were explained,
highlighting how woody plants increase in diameter. Finally, the chapter
emphasized the critical role of meristems and plant hormones in regulating
the dynamic processes of growth and development, enabling plants to respond
to their environment and complete their life cycles.

Frequently Asked Questions

Q: What are the three main tissue systems found in
plants, as discussed in Campbell Biology Chapter 37
US?

A: The three main tissue systems discussed are the dermal tissue system
(protective outer layer), the ground tissue system (involved in

photosynthesis, storage, and support), and the vascular tissue system
(responsible for transport and support).

Q: How does the endodermis regulate the uptake of
water and minerals in plant roots?

A: The endodermis contains the Casparian strip, a waxy band that forces water
and dissolved minerals to pass through the plasma membrane of endodermal
cells, allowing the plant to selectively control which substances enter the
vascular cylinder.



Q: What is the role of the vascular cambium in plant
growth?

A: The vascular cambium is a lateral meristem responsible for secondary
growth. It produces secondary xylem (wood) towards the inside and secondary
phloem towards the outside, increasing the diameter of stems and roots.

Q: Can you explain the difference between primary
growth and secondary growth in plants?

A: Primary growth is an increase in length, occurring at apical meristems in
the root and shoot tips. Secondary growth is an increase in diameter,
occurring in woody plants due to the activity of lateral meristems like the
vascular cambium and cork cambium.

Q: What are stomata, and why are they important for
plants?

A: Stomata are pores, usually on the surface of leaves, surrounded by guard
cells. They are crucial for regulating gas exchange (carbon dioxide uptake
and oxygen release) necessary for photosynthesis and for controlling water
loss through transpiration.

Q: Which plant hormones are primarily involved in
fruit ripening?

A: Ethylene is the primary plant hormone responsible for promoting fruit
ripening.

Q: What is the main function of the root cap?

A: The root cap is a protective layer of cells that covers the root apical
meristem, shielding it as the root grows through the soil. It also aids in
soil penetration.

Q: How do plant hormones like auxins contribute to
plant development?

A: Auxins play a significant role in cell elongation, root formation, apical
dominance (suppressing lateral bud growth), and fruit development,
influencing many aspects of plant growth and architecture.
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