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The Study of Plant Structure and Growth: Campbell Biology Chapter 39 US

campbell biology chapter 39 us delves into the fascinating world of plant structure and growth, a
cornerstone of understanding life on Earth. This chapter explores the intricate organization of plant
bodies, from the cellular level to complex tissues and organs, and investigates the dynamic
processes that allow plants to develop and respond to their environment. We will examine the
fundamental principles of plant anatomy, the roles of various tissues, and the hormonal and
environmental factors that orchestrate plant development. Understanding these concepts is crucial
for appreciating plant diversity, agricultural applications, and the vital ecological functions plants
perform. This comprehensive overview will guide you through the essential topics covered in
Campbell Biology, Chapter 39, providing a solid foundation for further study.
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Basic Plant Organs: Roots, Stems, and Leaves
Plants, like most multicellular organisms, exhibit a hierarchical organization of structure and
function. The plant body is composed of three basic organs: roots, stems, and leaves. These organs
work together to perform essential functions such as anchorage, absorption of water and minerals,
support, photosynthesis, and reproduction. Each organ has a distinct morphology adapted to its
specific roles.

Roots are typically the subterranean organs of a vascular plant. Their primary functions include
anchoring the plant in the soil, absorbing water and dissolved nutrients from the soil, and storing
food reserves. Root systems can be highly diverse, with two major types: taproot systems and fibrous
root systems. A taproot system, common in dicots, consists of a main taproot that grows deep into
the soil, with lateral roots branching off it. This structure is excellent for reaching deep water
sources. Fibrous root systems, prevalent in monocots, comprise a dense network of thin roots that
spread out near the soil surface, efficiently absorbing water and nutrients from a broad area and
providing good soil stabilization.



Tissue Systems in Plants
The plant body is organized into three main tissue systems, each with specialized functions and
derived from the three primary meristems: the dermal tissue system, the ground tissue system, and
the vascular tissue system. These systems are continuous throughout the plant, connecting the
organs and facilitating transport and support.

Dermal Tissue System
The dermal tissue system forms the outer protective covering of the plant, analogous to the
epidermis in animals. In non-woody plants, this layer is typically a single layer of cells called the
epidermis. The epidermis protects the plant from physical damage and water loss. In some cases, the
epidermis is covered by a waxy cuticle, which further reduces water evaporation. For plants that
undergo secondary growth, the epidermis is eventually replaced by a periderm, a thicker protective
tissue.

Specialized structures are often associated with the dermal tissue system. For instance, in leaves,
the epidermis contains stomata, pores surrounded by guard cells, which regulate gas exchange and
transpiration. Root hairs, extensions of epidermal cells in the root, greatly increase the surface area
for absorption of water and minerals. The type and arrangement of epidermal cells can vary
significantly depending on the plant species and organ, reflecting adaptations to different
environments.

Ground Tissue System
The ground tissue system constitutes the bulk of the plant body and is found between the dermal
and vascular tissue systems. It is involved in a variety of functions, including photosynthesis,
storage, and support. The ground tissue is composed of parenchyma, collenchyma, and
sclerenchyma cells, each with unique structural and functional properties.

Parenchyma cells are the most abundant and versatile plant cells. They are typically thin-walled and
living at maturity, capable of photosynthesis, storage of food and water, and regeneration.
Collenchyma cells provide flexible support to growing stems and leaves; their unevenly thickened
primary walls allow them to stretch as the plant grows. Sclerenchyma cells, characterized by thick,
lignified secondary walls, provide rigid support and are often dead at maturity. Examples include
fibers and sclereids, which are found in various plant parts for structural reinforcement.

Vascular Tissue System
The vascular tissue system is responsible for the long-distance transport of water and minerals from
the roots to the rest of the plant, and the transport of sugars produced during photosynthesis from
the leaves to where they are needed for growth or storage. This system is composed of two types of
complex tissues: xylem and phloem. These tissues are arranged in vascular bundles, which vary in
their configuration depending on whether the plant is a monocot or a dicot.

Xylem tissue consists primarily of tracheids and vessel elements, both of which are dead at
functional maturity and form continuous tubes for water transport. Xylem also includes parenchyma
cells for storage and support. Phloem tissue, on the other hand, is composed of sieve-tube elements
and companion cells. Sieve-tube elements are the conducting cells for sugars, and they are living at



maturity, although they lack a nucleus. Companion cells are closely associated with sieve-tube
elements and provide metabolic support. The arrangement of xylem and phloem in vascular bundles
is a key distinguishing feature between monocots and dicots.

Primary Growth: Elongation of Roots and Shoots
Primary growth is the process by which plants increase in length. This occurs at the tips of roots and
shoots, in regions called apical meristems. These meristems are perpetually embryonic tissues,
meaning their cells can divide and differentiate to form new tissues and organs. Primary growth
allows plants to explore their environment for resources like light and water.

Apical Meristems and Primary Growth
Apical meristems are regions of actively dividing cells located at the shoot tip and the root tip. The
shoot apical meristem (SAM) is responsible for producing new leaves, flowers, and stem tissues that
elongate the shoot. The root apical meristem (RAM) is responsible for producing new root tissues
that elongate the root and allow it to penetrate the soil.

The cells produced by the apical meristems differentiate into the three primary tissue systems:
dermal, ground, and vascular. This differentiation follows specific patterns, leading to the formation
of organized structures within the root and shoot. The rate of cell division and the rate of cell
elongation in these meristems are crucial factors determining the overall growth rate of the plant.

The Root: Primary Growth and Specialization
Primary growth in roots begins at the root apical meristem, which is protected by a root cap. The
root cap produces a slimy polysaccharide that lubricates the soil as the root grows, and its cells are
sloughed off, protecting the delicate meristem. Just behind the root cap is the zone of cell division,
where new cells are formed by mitosis. Following this is the zone of elongation, where cells increase
in length, pushing the root tip further into the soil. Finally, the zone of differentiation is where cells
mature and specialize into the distinct cell types of the root's tissue systems.

The mature root structure, resulting from primary growth, exhibits distinct regions: the epidermis,
which often bears root hairs for absorption; the cortex, primarily composed of parenchyma cells for
storage; and the vascular cylinder (stele), containing xylem and phloem arranged in a specific
pattern. The arrangement of vascular tissues is a key difference between monocot and dicot roots.

The Shoot: Primary Growth
Primary growth in shoots also originates from the shoot apical meristem, located at the tip of the
main stem. Unlike the root apical meristem, the shoot apical meristem is not protected by a cap but
is subtended by developing leaves, which form a protective bud. The SAM produces primordia that
develop into leaves and axillary buds. Axillary buds, located in the leaf axils, can develop into
branches or flowers.

As the shoot elongates, cells produced by the SAM differentiate into the three tissue systems. The
epidermis forms the outer layer, the cortex is located beneath the epidermis and is often involved in



photosynthesis, and the vascular bundles are arranged in a ring in dicots or scattered throughout
the ground tissue in monocots. The arrangement of vascular tissues in the stem is a defining
characteristic of plant groups and facilitates transport throughout the aerial parts of the plant.

Secondary Growth: Widening of Roots and Stems
Secondary growth is the process that increases the diameter of roots and stems. This type of growth
is characteristic of woody plants and is driven by two lateral meristems: the vascular cambium and
the cork cambium. Secondary growth adds girth, providing structural support and increasing the
capacity for transport in older stems and roots.

Vascular Cambium and Secondary Growth
The vascular cambium is a layer of actively dividing cells located between the primary xylem and
primary phloem. Its cell divisions produce secondary xylem to the inside and secondary phloem to
the outside. Secondary xylem, commonly known as wood, is typically more abundant than secondary
phloem. The accumulation of secondary xylem over many years creates the wood that provides
structural support for trees and is harvested for timber. The accumulation of annual rings in wood
indicates the growth of the vascular cambium in successive years.

Secondary phloem contributes to the bark of woody plants, but it is often sloughed off as the stem or
root increases in diameter. The vascular cambium is crucial for the continued transport of water and
nutrients in woody stems, ensuring that the entire plant remains functional as it grows larger.

Cork Cambium and Secondary Growth
The cork cambium is another lateral meristem that arises in the outer portions of the stem and root
cortex. It produces cork cells to the outside and a layer of parenchyma cells to the inside. Cork cells
are dead at maturity and are impregnated with suberin, a waxy substance that makes them
impermeable to water and gases. This layer of cork, along with the tissues it encloses, forms the
periderm, which replaces the epidermis as the protective outer layer of woody stems and roots.

The periderm is essential for protecting the underlying tissues from desiccation, mechanical injury,
and pathogens. Lenticels, small pores within the periderm, allow for gas exchange between the
internal tissues and the atmosphere. The development of the cork cambium and periderm is a
critical adaptation for plants that experience significant secondary growth, enabling them to survive
and thrive for many years.

Control of Plant Growth and Development
Plant growth and development are remarkably complex processes, meticulously regulated by a
combination of internal genetic programs and external environmental cues. This intricate interplay
orchestrates everything from seed germination and root elongation to flowering and fruit
development. Understanding these control mechanisms is vital for both fundamental biological
research and practical applications in agriculture and horticulture.



Plant Hormones and Their Roles
Plants produce a diverse array of chemical signaling molecules called plant hormones, which play
critical roles in regulating growth and development at very low concentrations. These hormones can
influence cell division, cell elongation, cell differentiation, and the response of plants to
environmental stimuli. Key plant hormones include auxins, gibberellins, cytokinins, abscisic acid
(ABA), and ethylene.

For example, auxins are primarily involved in cell elongation and are important for phototropism
(growth towards light) and gravitropism (growth in response to gravity). Gibberellins promote stem
elongation and are crucial for seed germination and flowering. Cytokinins stimulate cell division and
differentiation, often working in conjunction with auxins to control shoot and root formation.
Abscisic acid plays a role in seed dormancy and in the plant's response to stress, such as drought.
Ethylene, a gaseous hormone, is involved in fruit ripening, leaf abscission, and senescence (aging).

The balance and interaction between these hormones are critical for proper development. For
instance, the ratio of auxin to cytokinin influences whether undifferentiated plant cells in culture will
form shoots or roots. Disruptions in hormonal signaling can lead to abnormal growth patterns,
highlighting their essential regulatory function.

Environmental Influences on Plant Development
Beyond internal hormonal control, plants are constantly sensing and responding to their
environment, which profoundly influences their growth and developmental pathways. Light, gravity,
temperature, water availability, and touch are all significant environmental factors that shape how a
plant grows and develops.

Light quality and quantity are particularly important. Photoreceptors in plants detect light,
triggering responses such as germination, stem elongation, and flowering. For instance, plants can
sense the presence of shading by other plants, leading them to grow taller to compete for sunlight.
Gravitational pull influences root growth downwards and shoot growth upwards. Temperature
affects enzyme activity and metabolic rates, dictating the timing of processes like flowering and
dormancy. Water availability is essential for cell turgor and expansion, and plants have evolved
sophisticated mechanisms to cope with both drought and flooding. Even mechanical stimuli, like
wind or touch, can influence plant growth, leading to thicker stems and altered branching patterns,
a phenomenon known as thigmomorphogenesis.

A strong understanding of Campbell Biology Chapter 39 US provides a foundational knowledge of
plant life's structural and developmental intricacies. This chapter illuminates the organized
hierarchy of plant organs, tissues, and cellular processes, from the fundamental roles of roots,
stems, and leaves to the sophisticated mechanisms of primary and secondary growth. The influence
of plant hormones and environmental factors on these developmental pathways underscores the
dynamic and responsive nature of plants. By grasping these core concepts, one gains a deeper
appreciation for the resilience, adaptability, and ecological significance of the plant kingdom.

FAQ



Q: What are the three basic organs of a vascular plant and
their primary functions?
A: The three basic organs of a vascular plant are roots, stems, and leaves. Roots anchor the plant,
absorb water and minerals, and store food. Stems provide support, transport water and nutrients,
and bear leaves, flowers, and fruits. Leaves are the primary sites of photosynthesis.

Q: What are the three tissue systems found in plants?
A: The three tissue systems in plants are the dermal tissue system, the ground tissue system, and the
vascular tissue system. The dermal system provides outer protection, the ground system is involved
in photosynthesis, storage, and support, and the vascular system handles long-distance transport.

Q: What is primary growth and where does it occur in plants?
A: Primary growth is the increase in length of roots and shoots. It occurs at the apical meristems,
which are located at the tips of roots and shoots.

Q: What is secondary growth and why is it important?
A: Secondary growth is the increase in diameter of roots and stems. It is crucial for woody plants,
providing increased structural support and enhancing the capacity for water and nutrient transport
in older plant parts. It is driven by the vascular cambium and cork cambium.

Q: Can you name some key plant hormones and their general
functions?
A: Key plant hormones include auxins (cell elongation), gibberellins (stem elongation, germination),
cytokinins (cell division), abscisic acid (dormancy, stress response), and ethylene (fruit ripening,
senescence).

Q: How do environmental factors influence plant growth and
development?
A: Environmental factors like light, gravity, temperature, and water availability significantly
influence plant growth. For instance, light is essential for photosynthesis and can trigger flowering,
while water availability dictates cell expansion and turgor.

Q: What is the role of the root cap?
A: The root cap is a protective layer of cells covering the root apical meristem. It secretes a
polysaccharide lubricant that eases the root's passage through the soil, and its cells are periodically
sloughed off to protect the meristem.



Q: What are stomata and where are they typically found?
A: Stomata are pores, usually found on the surface of leaves and stems, surrounded by guard cells.
They regulate gas exchange (carbon dioxide intake and oxygen release) and transpiration (water
vapor release).

Q: How does the arrangement of vascular tissues differ
between monocot and dicot stems?
A: In dicot stems, vascular tissues are typically arranged in a ring, separating the cortex from the
pith. In monocot stems, vascular bundles are scattered throughout the ground tissue.

Q: What is the function of the cork cambium?
A: The cork cambium is a lateral meristem that produces the periderm, a protective outer layer of
bark in woody plants. It generates cork cells to the outside, which are impermeable and protect
against water loss and injury.
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