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PREFACE TO SECOND EDITION

SRET S SR o b RIS i e B U B R SR T R S R e S L i S s ST

Plant science has always been a fundamental area of biology, but the emphasis in the subject has
changed radically in the last two decades with a plethora of new information, much of it deriving
from techniques of molecular biology. This has deepened our understanding of plant processes and
has illuminated almost all aspects of plant biology. The ability to analyze genomes and to transfer
genes has opened possibilities for plant biotechnology and genetic manipulation undreamed of in
earlier decades. There have been advances in ecological knowledge that, with increased awareness
of the richness of biodiversity, have shed new light on the relationships between plants, other
organisms and their interdependence. Plant breeders, ecologists and many people outside plant
biology have become acutely conscious of the aesthetic and economic value of the resources, so often
dwindling, of the plant kingdom.

In this book we have covered all these aspects of modern plant biology. We have written it keep-
ing in mind an undergraduate faced with a range of advanced courses, needing an affordable text
that gives insight into the whole range of plant science. Its scope and depth are suitable for a first
and second year undergraduate student of plant biology; specialism will need an advanced text. We
have aimed it also at molecular biologists and biotechnologists needing an accessible route to under-
standing the basis of the systems on which they work. It is intended to provide the fundamental
background required for true understanding. It should aid undergraduates in their learning and give
insight for specialists into areas of plant science not their own. As in all Instant Notes books we have
provided ‘Key Notes” at the start of each section. These are intended solely as revision notes, e.g.
before an exam, to prompt a reader’s memory after reading the section fully. We have kept technical
and jargon terms to a minimum needed for understanding and any such term is defined at first
mention. We have assumed minimal previous knowledge of biology and hope that the book will
prove useful to journalists, environmentalists and those with a genuine interest in the key issues of
plant biology as they seek to be informed about the issues that they deal with.

For the second edition of this book we have made a number of structural changes and have
updated the text throughout while keeping to the format and style of the first edition. A major
change for this edition is adding Section B, Understanding Plants. This is designed to introduce read-
ers to the major techniques in modern plant science and indicate the basis on which advances are
being made. As such it is, inevitably, a ‘technical’ section but we hope one that the reader can refer
back to. We feel it is needed to foster a critical understanding of the subject. In the rest of the book
we have changed the order of the sections, introducing an outline classification and water relations
and metabolism earlier and putting together the topics on flowering and seeds that had been sepa-
rated in the first edition. This has allowed us to integrate structure, function and physiology more
closely. Molecular techniques loomed large in the first edition and loom larger now. We have incor-
porated these and other advances throughout this new edition as they permeate all of plant science.
The result is that some parts have been substantially rewritten and the emphasis has changed in
many places. Our guiding principle remained the needs of an undergraduate wanting to understand
all the latest advances in plant science, while remaining accessible to any with more than a passing
interest in this diverse and rapidly moving subject.

Andrew |. Lack and David E. Evans
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Section A - Introduction

A1 INTRODUCTION

Key Notes

Life cycles

Related topics

Flowering plants are by far the most important plants and this book is
primarily a study of them. The most fundamental dividing line between living
organisms is that between prokaryote and eukaryote cells. Within the
eukaryotes there are three main multiceliular kingdoms, plants, animals and
fungi and a heterogeneous group, the protists, belonging to several equivalent
kingdoms. We include here only plants and some plant-like protists for
comparison.

Plants derive from a green algal ancestor. Plants are photosynthetic and
autotrophic (with very few exceptions); have chlorophyll a and b; have a
cellulose cell wall and a cell vacuole and have ari alternation of diploid and
haploid generations. Vegetative structure is similar across most vascular
plants; reproductive structures differ.

There are four divisions of true plants, liverworts, hornworts, mosses and
tracheophytes or vascular plants, the last including ferns, lycopsids, horsetails
and the seed plants. Algae consist of several unicellular divisions and three
main multicellular divisions: brown algae, red algae and green algae.

All plants have an alternation of diploid and haploid generations. Diploid
sporophytes produce haploid spores. These germinate to produce
gametophytes. Gametes from these fuse to form a diploid cell that can grow
into a new sporophyte. In bryophytes the gametophyte is the main plant. In
the tracheophytes the sporophyte is dominant, with gametophytes free-living
in most ferns, horsetails and some clubmosses, but much reduced in other
vascular plants, the female gametophytes being retained on the sporophyte.
There is great variation among the algae with different groups showing
reduction of either the sporophyte or the gametophyte.

The algae (O1) - Early evolution of vascular
The bryophytes (O2) plants (P1)

What is a plant?

The science of plant biology is primarily the study of flowering plants or
angiosperms. Flowering plants are by far the most important group of plants in
the world, providing the overwhelming majority of plant species, perhaps
400000 in all, and most of the biomass on land. They are the basis for nearly all
our food. This book is mainly about flowering plants.

Historically the scienice of plant biology, or botany, has included all living
organisms except animals, but it is clear that there is'a major division of life
between cells with a simple level of organization, the prokaryotes, and those
with much more complex cells, the eukaryotes. The prokaryotes include
bacteria, or Eubacteria, and Archaea and will not be considered further in this



Section A - introduction

Unifying features
of plants

Outline
classification

book except in relation to plants, although some retain plant-like names, such
as referring to the gut ‘flora’ for the bacteria in mammalian guts, and ‘blue-
green algae’ for the cyanobacteria. Among eukaryotes three main multicellular
kingdoms are recognized: animals, plants and fungi. The remaining eukaryotes
are mainly unicellular but with a few multicellular groups such as slime molds
and large algae. They are a heterogeneous group, forming several kingdoms of
equivalent status to the three large ones and referred to for convenience, as the
protists.

There is no clear boundary between protists and plants and authors differ in
which organisms they include within the plants. Multicellular green algae have
many features in common with land plants and are the modern group closest to
the ancestors of plants. Along with the brown algae and red algae, they are the
dominant photosynthetic organisms in shallow seas. These three algal groups
form quite separate evolutionary lines. Unicellular planktonic groups, again
from several different evolutionary origins among the protists, form the basis of
the food chain in the deep sea. All these algae are photosynthetic and are
considered in this book only for comparison with the true plants in Topic O1.
Other protists, animals and fungi will not be considered further except in rela-
tion to plants. Plant groups other than flowering plants, such as mosses, ferns
and conifers, differ in various ways and these are considered in sections O, P
and Q.

Evidence from morphology and from DNA suggests that all plants share an
ancestor among the green algae dating from between 450 and 500 million years
ago in the Silurian era, perhaps earlier. To characterize the features that define
plants as different from other eukaryotes is almost impossible since every
feature has exceptions, but usually these exceptions are among plants that have
lost the feature or are shared with some algae.

¢ They are photosynthetic and obtain all their nutrients from inorganic sources,
i.e. they are autotrophic and the start of a food chain. The large algae and
many planktonic protists are also photosynthetic. A few plants derive all or
part of their nutrients from other organisms (Topics M6, M7) but these are
closely related to other, photosynthetic, flowering plants.

® The photosynthetic pigment is chlorophyll, and consists of two forms, a and
b, contained within chloroplasts. The green algae and some unicellular pro-
tists share these pigments. Other large algae have chlorophyll 4, some having
another chlorophyll, ¢, as well.

¢ The cells have a cell wall, made predominantly of the polysaccharide cellu-
lose, and a vacuole in addition to the cytoplasm.

® There is an alternation of diploid and haploid generations, another feature
shared with some algae. Often one of these is much reduced and may not live
independently.

Vegetative structure and physiology are similar throughout the seed plants
{flowering plants, conifers and some smaller groups) and there are many simi-
larities with other vascular plants as well, but the reproductive structures differ
markedly. Bryophytes differ more fundamentally in vegetative and reproduc-
tive structure (Topics O2, O3).

A basic classification of plants and the larger photosynthetic algae is given in
Box 1. Plants similar to present-day liverworts were probably the earliest land



