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campbell biology concepts and investigations pdf chapter 39 delves into the
fascinating world of plant structure and growth, offering a comprehensive exploration of
how plants are organized and how they develop. This chapter serves as a crucial foundation
for understanding the entire discipline of botany and its ecological significance. We will
unpack the intricate details of plant anatomy, from the cellular level to the macroscopic
tissues and organs that define these essential organisms. Furthermore, this article will shed
light on the developmental processes, including germination, vegetative growth, and
reproductive strategies, all key components covered within the Campbell Biology
framework. Prepare for an in-depth look at the concepts and investigations that make
Chapter 39 a cornerstone of biological study.
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Understanding Plant Tissues

Chapter 39 of Campbell Biology Concepts and Investigations meticulously dissects the
fundamental building blocks of plant life: tissues. Plants, much like animals, are complex
multicellular organisms composed of specialized cells organized into distinct tissues. These
tissues perform specific functions essential for survival, from structural support to nutrient
transport and defense. Understanding these tissue types is paramount to grasping the
overall physiology and ecology of plants.

Dermal Tissue System: The Protective Outer Layer

The dermal tissue system forms the plant's outer covering, acting as a barrier against
physical injury and pathogen invasion. In non-woody plants, this system is the epidermis, a
single layer of cells. The epidermis secretes a waxy cuticle, which helps prevent water loss.
Specialized epidermal cells also give rise to structures like root hairs, which significantly
increase the surface area for water and mineral absorption, and stomata, pores that
regulate gas exchange.



Ground Tissue System: The Workhorse of the Plant

The ground tissue system constitutes the bulk of a plant's body, performing photosynthesis,
storage, and structural support. It is typically divided into three types of tissues:
parenchyma, collenchyma, and sclerenchyma. Parenchyma cells are the most abundant
and versatile, capable of photosynthesis, storage, and secretion. Collenchyma cells provide
flexible support to growing stems and leaves, while sclerenchyma cells, with their rigid,
lignin-reinforced cell walls, offer strong, permanent support and protection.

Vascular Tissue System: The Plant's Plumbing

The vascular tissue system is responsible for the long-distance transport of water, minerals,
and sugars throughout the plant. It comprises two principal tissues: xylem and phloem.
Xylem is primarily involved in transporting water and dissolved minerals from the roots to
the rest of the plant, and it also contributes to structural support. Phloem, on the other
hand, transports sugars produced during photosynthesis from the leaves to other parts of
the plant where they are needed for growth or storage.

Root Systems: Anchoring and Absorption

The root system is a vital, often unseen, component of a plant's structure. Its primary roles
are to anchor the plant firmly in the soil and to absorb water and essential mineral nutrients
from the surrounding environment. The morphology and organization of root systems are
highly diverse, adapted to different soil conditions and plant species, and are a key focus
within the Campbell Biology concepts presented in Chapter 39.

Root Structure and Function

A typical dicot root exhibits a central vascular cylinder, or stele, containing xylem and
phloem. The root cap, a protective layer of cells, covers the apical meristem, responsible
for root elongation. The zone of elongation is where cells increase in length, pushing the
root tip further into the soil. The zone of differentiation is where cells mature and specialize,
developing root hairs that dramatically enhance the absorptive surface area.

Modified Roots

Plants have evolved numerous modifications of their root systems to suit specific
environmental challenges and needs. These include storage roots, such as those found in
carrots and beets, which store large amounts of food reserves. Prop roots, seen in corn,
provide additional support. Aerial roots, found in many epiphytic plants like orchids, can
absorb moisture and nutrients from the air. Pneumatophores, or "air roots," are specialized



roots that grow upward from the soil to obtain oxygen in waterlogged environments
common in mangrove swamps.

Stems: Support and Transport

Stems are the primary supporting structures of vascular plants, elevating leaves, flowers,
and fruits, and facilitating the transport of substances between roots and shoots. They
contain vascular tissues arranged in specific patterns that distinguish different plant groups
and are a critical element of plant anatomy discussed in Chapter 39.

Stem Anatomy

In dicots, the vascular bundles of stems are typically arranged in a ring, separating the pith
(ground tissue in the center) from the cortex (ground tissue outside the vascular bundles).
Monocot stems, in contrast, have vascular bundles scattered throughout the ground tissue,
with no distinct pith or cortex. This difference in vascular bundle arrangement has
significant implications for the type and extent of secondary growth a plant can undergo.

Modified Stems

Like roots, stems also exhibit a variety of modifications that enhance survival and
reproduction. Rhizomes, such as those in ginger and irises, are horizontal underground
stems that store food and facilitate vegetative propagation. Stolons, or runners, like those
of strawberries, are horizontal stems that grow above ground and produce new plants at
their nodes. Tubers, like potatoes, are enlarged underground stems that serve as storage
organs.

Leaves: Photosynthesis Factories

Leaves are the primary sites of photosynthesis, the process by which plants convert light
energy into chemical energy in the form of sugars. Their broad, flattened structure
maximizes surface area for light absorption and gas exchange, making them indispensable
for plant life. Chapter 39 of Campbell Biology provides a detailed examination of leaf
anatomy and function.

Leaf Structure

A typical leaf consists of a blade, attached to the stem by a petiole. The epidermis, both
upper and lower, covers the leaf surface, with the lower epidermis usually containing more



stomata. Beneath the epidermis lies the mesophyll, the ground tissue rich in chloroplasts
where photosynthesis occurs. The mesophyll is often differentiated into palisade mesophyll
(tightly packed cells) and spongy mesophyll (loosely arranged cells with air spaces).

Gas Exchange and Transpiration

Stomata, pores on the leaf surface, are crucial for regulating the exchange of carbon
dioxide (CO2) and oxygen (O2) for photosynthesis and respiration, respectively. However,
this opening also leads to water loss through transpiration, the evaporation of water from
the plant's surface. The regulation of stomatal opening and closing is a complex process
influenced by environmental factors and internal plant signals, a topic extensively covered
in advanced plant physiology and touched upon in Chapter 39.

Plant Growth and Development

Plant growth is a continuous process of increase in size, driven by cell division, cell
elongation, and cell differentiation. Development encompasses all the changes that a plant
undergoes throughout its life cycle, from germination to reproduction and senescence.
Campbell Biology's Chapter 39 explores these fundamental processes in detail.

Concept of Perpetual Growth

Unlike most animals, plants exhibit perpetual growth, meaning they continue to grow
throughout their lives. This is due to the presence of indeterminate growth, a characteristic
feature of meristematic tissues. Meristems are regions of actively dividing cells that can
generate new cells, allowing for continuous production of new organs and tissues.

Life Cycles of Plants

Plants exhibit diverse life cycles, often characterized by alternation of generations, where a
haploid gametophyte generation alternates with a diploid sporophyte generation. The
relative prominence of these generations varies significantly among different plant groups,
from the dominant sporophyte in vascular plants to the dominant gametophyte in mosses.
Understanding these life cycles is crucial for comprehending plant reproduction and
evolution.

Primary Growth: Elongation and Differentiation

Primary growth is responsible for the increase in length or height of plant roots and shoots.



It occurs at the apical meristems located at the tips of roots and shoots. This process
involves cell division in the meristem, followed by cell elongation and differentiation in the
regions behind the meristem.

Root Apical Meristem and Zone of Elongation

The root apical meristem produces new cells that contribute to the root's growth in length.
These new cells then enter the zone of elongation, where they expand significantly,
primarily by taking up water into their vacuoles. This elongation is a major driving force
behind root penetration into the soil, enabling the plant to access water and nutrients. The
root cap protects the delicate apical meristem as it grows through the soil.

Shoot Apical Meristem and Leaf Primordia

The shoot apical meristem is responsible for the primary growth of stems and the formation
of leaves and flowers. It produces stem tissue and also gives rise to leaf primordia, which
develop into leaves. The arrangement and development of these structures are crucial for
maximizing light capture for photosynthesis. The stem elongates due to the activity of the
shoot apical meristem and the subsequent elongation of cells in the internodes, the regions
between leaf nodes.

Secondary Growth: Thickening and Woody
Tissues

Secondary growth is responsible for the increase in girth or diameter of stems and roots in
woody plants. This process is mediated by two lateral meristems: the vascular cambium
and the cork cambium. Secondary growth allows plants to develop woody tissues, providing
increased structural support and enabling more efficient transport over longer distances.

Vascular Cambium

The vascular cambium is a cylindrical layer of actively dividing cells located between the
xylem and phloem. It produces secondary xylem (wood) towards the interior of the stem
and secondary phloem towards the exterior. The accumulation of secondary xylem over
years forms the distinct annual rings observed in tree trunks, each ring representing a
season of growth. This secondary xylem is the primary structural component of wood.



Cork Cambium

The cork cambium, or phellogen, is another lateral meristem that arises in the outer cortex
or phloem. It produces cork cells towards the exterior and sometimes phelloderm towards
the interior. Cork cells are impregnated with suberin, a waxy substance that makes them
impermeable to water and gases, providing protection and preventing water loss from the
stem's surface. The periderm, consisting of cork, cork cambium, and phelloderm, replaces
the epidermis in woody stems and roots.

Environmental Influences on Plant Development

Plant development is not solely determined by genetic factors; it is also profoundly
influenced by a complex interplay of environmental signals. Light, temperature, water
availability, and gravity are just a few of the external cues that regulate various aspects of
a plant's life, from germination to flowering and overall form. Chapter 39 of Campbell
Biology highlights the significance of these interactions.

Photomorphogenesis and Tropisms

Photomorphogenesis refers to the light-mediated development of plants. For instance, seed
germination and seedling elongation are often regulated by light cues. Tropisms are growth
responses directed towards or away from an external stimulus. Phototropism, the bending
of a shoot towards a light source, is mediated by the hormone auxin and ensures that
leaves are optimally positioned for photosynthesis. Gravitropism, the growth of roots
downwards in response to gravity and shoots upwards, ensures proper anchorage and
access to light.

Water and Temperature Effects

Water availability is critical for cell expansion and turgor pressure, essential for plant
growth. Drought stress can lead to reduced growth and altered developmental patterns.
Temperature also plays a crucial role, influencing enzyme activity and the rate of metabolic
processes. Many plants exhibit vernalization, a requirement for a period of cold treatment
to induce flowering, ensuring that reproduction occurs during favorable seasons.

Key Investigations in Plant Biology

Understanding plant biology relies heavily on experimental investigations that reveal the
mechanisms underlying growth, development, and physiological processes. Campbell
Biology's approach emphasizes inquiry-based learning, encouraging students to explore



these concepts through hands-on activities and data analysis.

Investigating Plant Tissue Types

A common investigation involves microscopic examination of plant slides to identify and
differentiate between various tissue types, such as xylem, phloem, parenchyma,
collenchyma, and sclerenchyma. Students learn to recognize the unique cellular structures
and arrangements that define each tissue and relate these to their specific functions.
Observing these tissues under a microscope provides tangible evidence of the structural
basis for plant life.

Studying Plant Growth and Development in Response to
Stimuli

Experimental setups often involve exposing plants to different environmental conditions to
observe their responses. For example, investigating phototropism by placing a plant in a
box with light entering from one side, or studying the effects of varying light intensities or
durations on overall plant growth. Analyzing data from such experiments allows students to
draw conclusions about the adaptive strategies and developmental plasticity of plants,
directly engaging with the concepts of plant biology.

Investigating Transpiration Rates

Experiments to measure transpiration rates can involve using potometers to quantify water
uptake, which is directly related to water loss. Students can explore how factors like
humidity, wind, and light intensity affect the rate of transpiration by manipulating these
variables and observing the resulting changes in water uptake. This provides practical
insight into the physiological challenges plants face in regulating water balance.

Simulating Plant Hormonal Effects

While direct manipulation of hormones can be complex, investigations can simulate the
effects of plant hormones. For instance, observing the impact of auxin application on root or
shoot development in tissue culture. These investigations help to illustrate the profound
role of chemical signaling in orchestrating plant growth and development, reinforcing the
principles discussed in Chapter 39 of Campbell Biology Concepts and Investigations.

FAQ



Q: What are the main components of the vascular tissue
system in plants?
A: The vascular tissue system in plants consists of two primary components: xylem and
phloem. Xylem is responsible for transporting water and dissolved minerals from the roots
to the rest of the plant, while phloem transports sugars produced during photosynthesis
from the leaves to other parts of the plant.

Q: How does primary growth differ from secondary
growth in plants?
A: Primary growth is responsible for the increase in length of plant roots and shoots and
occurs at the apical meristems. Secondary growth, on the other hand, is responsible for the
increase in girth or diameter of stems and roots in woody plants and is mediated by lateral
meristems like the vascular cambium and cork cambium.

Q: What is the function of root hairs?
A: Root hairs are extensions of epidermal cells in plant roots that significantly increase the
surface area available for the absorption of water and dissolved mineral nutrients from the
soil.

Q: Explain the role of stomata in plant life.
A: Stomata are small pores, typically found on the surface of leaves, that regulate gas
exchange in plants. They allow for the uptake of carbon dioxide (CO2) needed for
photosynthesis and the release of oxygen (O2) as a byproduct. However, they also
represent a pathway for water loss through transpiration.

Q: What is phototropism and how is it regulated?
A: Phototropism is the growth of a plant in response to a light stimulus, typically bending
towards the light source. This response is primarily mediated by the plant hormone auxin,
which accumulates on the shaded side of a stem, promoting cell elongation and causing the
stem to curve towards the light.

Q: What are the three main types of ground tissue in
plants and their functions?
A: The three main types of ground tissue are parenchyma, collenchyma, and sclerenchyma.
Parenchyma cells are versatile and involved in photosynthesis, storage, and secretion.
Collenchyma cells provide flexible support to growing stems and leaves. Sclerenchyma cells
offer rigid support and protection due to their thick, lignified cell walls.



Q: How do annual rings form in trees?
A: Annual rings in trees are formed by the activity of the vascular cambium during
secondary growth. In temperate climates, the vascular cambium produces more secondary
xylem (wood) during the spring and summer (earlywood, which is lighter and less dense)
and less during the fall (latewood, which is darker and denser). Each distinct light and dark
band represents one year of growth.

Q: What is the significance of the root cap?
A: The root cap is a protective layer of cells covering the tip of the root apical meristem. It
protects the delicate meristematic tissue as the root grows through the abrasive soil and
also plays a role in sensing gravity.
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