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PREFACE TO SECOND EDITION
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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



ACKNOWLEDGEMENTS

R RN

We would like to thank our families for their support throughout the writing, Margaret Evans for
assistance with diagrams and our colleagues and associates who, sometimes unknowingly, have
given advice, pointed us at relevant work, made comments and generally supported us in the task of
authorship. We also wish to thank the editorial team at Taylor and Francis, especially Liz Owen, for
their encouragement and persistence and their referees for valuable comments. Perhaps our main
debt for the subject matter of this book is to those who introduced us, as students in Aberdeen and
Aberystwyth, to the field of plant biology and to the students we have taught over many years at
Oxford Brookes. Without their input, we would not have been able to come even close to communi-
cating the fundamentals of plant science simply and understandably.



25 W%

iﬁ

LN~ LD LN~ TP LD LT~~~ <O~~~ LD~~~ P~ ~LP LD~~~

2,4-D
2,4,5-T

ATP
bp

Bp
CAM
CaMPK
cDNA
CDPK
CDPK
CoA
DAG
DDT

DNA
EM
ER
EST
FADH
Fd

GA
GARC
GARE
GM
GOGAT
GS
GSH

1P,
LDP
LEA
LSD
mRNA

2,4-dichlorophenoxyacetic acid

2,4, 5-trichlorophenoxyacetic acid
abscisic acid

auxin binding protein
1-aminocyclopropane-1-carboxylic acid
Arabidopsis Genome Project
arbuscular mycorrhiza

adenosine monophosphate
asparagine synthase

adenosine triphosphate

base pair

before the present (era)
crassulacean acid metabolism
calmodulin-dependent protein kinase
complementary deoxyribonucleic acid
calcium-dependent protein kinase
cyclin-dependent protein kinase
coenzyme A

diacylglycerol

1, 1-bis(p-chlorophenyl)-2,2, 2-
trichloroethane

deoxyribonucleic acid
ectomycorrhiza

endoplasmic reticulum

expressed sequence tag

flavin adenine dinuclectide (reduced)
ferredoxin-dependent

gibberellic acid

gibberellic acid response complex
gibberellic acid response element
genetically modified

glutamate synthase

glutamine synthase

glutathione

indole-3-acetic acid

inositol triphosphate

long day plant

late embryogenesis abundant
lysergic acid diethylamine

messenger ribonucleic acid

2 ’ 4_:§$§ ZAM
2,4,5 ZEFKE LW
BiER
ERKELEEERA
SEINHERER
BRI E AR
MR

R —BEER
KAB-E B

B =8R8

BT

Z8ITRT

R
SRR E AR
AN EHER
KR H RS

R HHRE O
WA

ZBEH M
TR, —E K=k

-

BE PR
SR

P
RIEFFIRE
BIRE R E IR R
K TR EHH
FHRER
FRERYRE &
REMBR TS
FEHE
BEMREEE
BEBRSH
BEHE R
Blk-3-Z. 8
LBE = RS

K By

MK ESE
ERB 7R
R iEEE R



NAA
NADP

NADPH

NE
NPA
Pa
PCR
PEP
PG
PGS
PIP,
PLC
pm
ppm
PS-1/1
QTL
RAPD
RET
RFLP

RNA

RNase

SAM

SDP

SI

T-DNA
TGN

UDP glucose
uv

VIR

naphthalene acetic acid
nicotinamide adenine dinucleotide
phosphate

nicotinamide adenine dinucleotide
phosphate (reduced)

nuclear envelope
1-N-naphthylphthalamic acid
Pascals

polymerase chain reaction
phosphoenolpyruvate
polygalacturonase

plant growth substance
phosphatidyl inositol bisphosphate
phospholipase C

plasma membrane

parts per million

photosystem I /11

quantitative trait locus

random amplified polymorphic DNA
resonance energy transfer
restriction fragment length
polymorphism

ribonucleic acid

ribonuclease

s-adenosyl methionine

short-day plant

self incompatibility

transferred DNA

trans Golgi network

uridine diphosphoglucose
ultraviolet

virulence region for infection

#LB
AL e AR IR PG — AT PR B

D5 25 A e R R — T R TR » 1 SR R e

YR
HEWHEFR

| e Sl g R vd)
RAESE RN

B AN
EZRLI RS
WK E

B AR BB — Bk AR
Biiems C

B

BARZ—
KFHI/ N

Bat RO A
FEHLY £ % DNA
e LIRS
FRHIMERBRKES AN

BRERR
B
SIREF AR
HHEY

A AR
¥4k DNA
TR R SMU M 2%
RE BRI
5

BHX



Al 51§

>
L.}
-

t+ 2 tidhy |

HXEH

AUEHY RV A T REERNIE, HR A B EENAF LAY, E9E RSN
FEAEYMAGEY . ABREYTRESE A EENZHRAEY R, YR .3
YIFHMEER LS BT KBTIV RPHREEEY . Il BRI
YIRFELEYI R R4

HYIR A ERNRE. HYREHTLEERNAFEDRLOBERS . HAEH
MR a FIMERE b A SR MM B0, B AR MRS A i &
g RESBRAEEHMNE TR, TSR .

HIEMEPOE A, EL ABR BLMETHY . STHYOTBERE A0AE,
ABEAFTHY). WREE T ILAAG SR =2 4000 E AR, BIIR
LB

B A BRSO B0 AR AR AR AR . AR A TR A AR LT,
FHEMERTR. BTESER_EEARS FERBFNR TR, EE55EY
B, B TR E RN B D AT SRR AR SRR AT A
KA BT ORREM L AR I , T A H AR A B A 4 h D AR B R4, T PR 7E T
firik . EERD, RRNEBENBR, IV FE R LR E R TR,

BAOD HEHY RSP
BEMY (02)

O ALEFXEAHEED

EQ: U 5EA#MH LHF—H. BNEBF - REXLEAEEHD 2V EHHY T R LM
M RFHES IR THED].

EQ:mFMRETH AL MMM %,

EO:ZANEEHEFHY . ALFABRIEN, BARAHRIEN,

‘]i@: Epé%n




H >

L ~IPLP LI~~~ LD LD DL~~~ DD LD PP ~ZP LD~ LD LD ~LD N~~~

HE
ZREIR
N | 1T SRR 1
N = i R LR LT T T T P I T T TP PR e))
B AR — R AR BITEET IR oo e e (5)
Bl ST IF R R TARI v emvrrrrerer e reet e e (5)
A W Y g g P PPN (8
B3 AEIEAL S ASEEBYTIIGY ovorrrrererrrreriere e et as i e e e e e e e e n et s a e s (16)
C RBIBPHIBEL - ccvveverremreror ettt e e et e e e et e e et r e s e et e rer s 21D
C1l  FHEPHEBL ovreerererencortrini s s e e e b e @n
C2  BHPEBE - orreeerrnee e e e 24)
ORI L7 17 . T LT R U @n
(T - T PP (29)
C5  ZHBIALFIELPIZL covvevrerernerrerenernmmn ettt esttet et e st s at e e s ettaatsrrasasbasntnessassns (33)
CB  ZBBIATEL ooerrerrrrmmr i e e s saa e e e (36)
D A B v e e et e e e (4D
D1 AAAEHZEFIRIAEZHET cov ettt e e e ea e 41)
8 - BT (45)
D3 EAMPPZERPIAELET oo s s (50)
D4 ARAKHIZERIPAEEE RS corrrrerreror e e (53)
|5 T ) LT T PP (56)
E A, K A R TR oot e (59)
E1l ABEBIFIIK ooeremremre i s e (59)
E2  ZKAMEIRFIALTLIE oo eremeerrenan ettt e e et s (65)
ORI = 3t 1= By - (68)
F4 YWD BRI oo 72)
E5 B EICEBIDNEE coroerrrore i e s (75)
) o vh - IR T g €4))
Fl Yo aBRIMEAIHERR -rorrevererrrereerrtraanrnrene ettt e eecrae i e e s e rab b e e e 79
A e == - o T (82)
F3 Gy .Co FICAMAE  +rrereeerrrenmtininiii i ettt sttt e ea s eaa s sas s ena e (88)
F4  TRIRAE B FIBRAKAL S AT e 92
FS SRR JEd BB RIUEMIRANIE oot s e e (98)
G HETEE e e et e et araeeabe e rter e et enseertera e reehaaanns (105)
[ £ R T D PN (105)
(O A i 1 5 T R T P P P P (109)
O I 2 - ¥ LT e (112
(O = B v -5 < | R (116)
O 2 o o8 1L o=~ R R T O azn
3 I - = < K Y (125)



) A - e T (129

H3 %%'—:jﬂ‘%%f??ﬁ .......................................................................................... (13D
H4  FBFBIRBR  cvecrrrmmrerrr s (135)
HS  BERHFIGETE  corverrreetnrtrtntii sttt st et et e s ren et st e s ar e e ans (138)
I FTERIERIMLAIFAMIRE  covereeerrroriomie i s e s s s e (143)
11 YREB LT REMAIETR I oo (143)
) 1 T T e (149)
I3 JBEE T IRT cevverereereeriami i e e e e e s ar e e e (153)
I B s (156)
15 FBERI A FAE VT crvvevreeerereore ettt e et r e et e b e aas (158)
J EEJEFBET covvcvrerrererremreren i ii et et e et e e a e n et b e a e r e r s e aa st st aneaaeas (163)
J1 AR FIETHIIRIE - oo erervvrrrormreromiemiiinrererii s e e s e e s sae e s e e e reabaa e enenns (163)
J2 AR IATTEIEAEEE e (167)
J3 ﬂ?ﬂﬂﬂﬁ%ﬁ%ﬁ?ﬁzfﬁ ................................................................................. (176)
J4 FETBIR S R AETHEE vvvrenrneresrerrrrtrttsttie e ie e e ie et et et e e e et ereenaen e e rerete e bt s (183)
K #HMEERTEMEPRAR oo (185)
K1 FEHBIBTRE  cvecreererrerm i e e e (185)
K2 FEPANMRILHAUIEFE  crorrere e e s e (187
K3 BB TR vt e s e e e (192)
L ARG e, P U (199)
Ll R A B A S ot e e e (199)
L2 B - FIAE A3 A oo eereerrere oottt e (202)
DO R - 1/ = 3 A (206)
D 5 - (209)
L5 A HEFIRHREME AL - ooeonrrvmmernntnreit sttt r et a et e et e s e e raertaetenaeeaaeens (215)
L6 BRI FI AT TTRR -+ vverrererrrennsosrersmmmuuemstiiisiestesstnnrenranne s eseseseesmesnnnnaesesanes (219
M IR YUEZ BT IETR oo rrcvererrererrarerreiiietiiiia i s st et e ren e eenns (223)
A - (223)
Y . - N (228)
M3 YT ZIAIBIIETR oot e e e (231
M4 EBHREIEIRFII A ELE covreeerererrrrmrrmeeee e st es s e e st teerer e e s bnneeeaeens (235)
M5 4. KER REHNREEE e TSP PP TP PP AR (239)
M6  ZAEMYIRB A o orvrrrer e e (241)
M7 BEHIREBT  cvvorereetrr e i e e e a et (245)
NL BRI e i e e (249)
N2 BEFUHRHI  crovvrerrrmeren ittt e i e et (255)
N3 ZHHIRIH]  coveeererrorom s e e e e e r e (259
N4 HABFGEBIRII  corverererrmii e e e (261)
NS AR L v e e (265)
O BB BEBEAEY - e e (269)
[ ) T < (269)
(02 3 - ) N (273)
O3 B BE IO ETH  c-oerrerr e e e s e e e e (278)
P DI FRETREBILERTAEI - oottt it rie s e e e n e e e e e e (283)

Pl R B HEAL - v erreeeeremstnemrtt e crr b ae e e s e st cer e e e s e e rre e e e nennenees (283)



P3 AR - vemeer et (292)
PA  BRIGHII - vevverermemenmn ettt e e s s e s e s sttt b s s e (295)
Q FHFRHH - oovrer e e e e e (303)
Ql BHAEIRIFHIEY  creererererir b (303)
(VY 2y - L B T T g O R P €307)
Q3 TRk AT FISCIRIED oc-vvvevrer oottt e e (312
Q4 ETEBMIRIHEAL  -o-orrerevreermmmmre e et et e 317
Q5 FEPIHEALEI—RIIRIE  ovevvverer e s e e (325)
BE— 2 BT A I - oerer e e e e e (33D



CONTENTS

£ ORI SRR

Abbreviations

e R O B R R

Preface to second edition

Section A Introduction 1
Al Introduction 1
Section B Understanding plants — methods in plant biology 5
Bl  Arabidopsis and other model plants 5
B2  Methods in experimental plant science 8
B3  Studying plant evolution and ecology 16
Section C Plant cells 21
C1  The plant cell 21
C2 The cell wall 24
C3  Plastids and mitochondria 27
C4 Membranes 29
C5 Nucleus and genome 33
C6 Cell division 36
Section D Vegetative anatomy 11
D1  Meristems and primary tissue 41
D2 Roots 45
D3  Herbaceous stems and primary growth 50
D4 Woody stems and secondary growth 53
D5 Leaves 56
Section E Plants, water and mineral nutrition 59
El Plants and water 59
E2  Water retention and stomata 65
E3 Movement of nutrient ions across membranes 68
E4  Uptake of mineral nutrients by plants 72
E5  Functions of mineral nutrients 75
Section F Metabolism 79
F1  Photosynthetic pigments and the nature of light 79
F2  Major reactions of photosynthesis 82
F3 (3 and C4 plants and CAM 88
F4  Respiration and carbohydrate metabolism 92
F5  Amino acid, lipid, polysaccharide and
secondary product metabolism 98
Section G Reproductive biology 105
G1 The flower 105
G2  Pollen and ovules 109
G3  Breeding systems 112
G4  Self incompatibility 116
G5  Ecology of flowering and pollination 121

R R T



Contents

Section H
H1
H2
H3
H4
H5

Section 1
I1

12
I3
14
I5

Section J

J4

Section K
K1
K2
K3

Section L
L1
L2
L3
L4
L5
Lé

Section M
M1
M2
M3
M4
M5
Mé
M7

Section N
N1
N2
N3
N4
N5

Seeds and fruits

The seed

Fruits

Fruit and seed dispersal

Seed dormancy

Regeneration and establishment

Sensing and responding to the environment
Photoperiodism, photomorphogenesis and
circadian rhythms

Tropisms

Nastic responses

Abscission

Stress avoidance and adaptation

Growth and development

Features of growth and development
Biochemistry of growth regulation

Molecular action of plant hormones and
intracellular messengers

Physiology of floral initiation and development

Plant genetic engineering and biotechnology
Plant breeding

Plant cell and tissue culture

Plant genetic engineering

Plant ecology

Ecology of different growth forms

Physical factors and plant distribution

Plant communities

Populations

Polymorphisms and population genetics
Contribution to carbon balance and atmosphere

Interactions between plants and other organisms
Mycorrhiza

Nitrogen fixation

Interactions between plants and animals

Fungal pathogens and endophytes

Bacteria, mycoplasma, viruses and heterokonts
Parasites and saprophytes

Carnivorous plants

Human uses of plants
Plants as food

Plants for construction
Plants in medicine
Plants for other uses
Bioremediation

125
125
129
131
135
138

143

143
149
153
156
158

163
163
167

176
183

185
185
187
192

199
199
202
206
209
215
219

223
223
228
231
235
239
241
245

249
249
255
259
261
265



Contents

Section O Algae and bryophytes
O1 The algae
O2 The bryophytes
O3 Reproduction in bryophytes
Section P Spore-bearing vascular plants
P1  Early evolution of vascular plants
P2 Clubmosses and quillworts
P3  Horsetails
P4 Ferns
Section Q Seed plants
Q1  Early seed plants
Q2 Conifers
Q3 Cycads, ginkgo and Gnetopsida
Q4 Evolution of flowering plants
Q5 General features of plant evolution
Further reading
Index

269
269
273
278

283
283
288
292
295

303
303
307
312
317
325

331

341



Section A - Introduction

A1 INTRODUCTION

Key Notes

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 multicellular 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 2 and b; have a
cellulose cell wall and a cell vacuole and have an 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 science 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



