
Contents

P reface Hi

1. PLANTS, TAXONOMY AND SYSTEMATICS 1 -1 4
P la n ts  a n d  K in g d o m s o f  L ife  1

Two Kingdom System  1
Two Em pires Three Kingdoms 2 
Five Kingdom System  2 
Six or Seven Kingdoms? 2 
The Plant Kingdom 6 

T axon om y a n d  S y s te m a tic s  7
Basic C om ponents (Principles) of System atics 8
Aims of System atics 11
Advancem ent Levels in System atics 12

2 . BOTANICAL NOMENCLATURE 1 5 -4 5
N eed f o r  S c ien tif ic  n a m es 15

Why Latin? 16
D evelopm en t o f  B o ta n ica l Code 16  
C on ten ts  o f  B o ta n ica l C ode 1 7

Pream ble 17  
Principles of ICBN 18 
Names of Taxa 18 
The Type Method 23
A uthor C itation 25  
Publication of Names 26  
Rejection of Names 28
Principle of Priority 30
Names of Hybrids 34
Names of Cultivated P lants 35



vi Plant Systematics

U nified B io log ica l N om en cla tu re  3 5
Draft BioCode 36  
PhyloCode 38

3 . HIERARCHICAL CLASSIFICATION 4 6 -5 5  
T axonom ic g ro u p s, c a te g o r ie s  a n d  ra n k s  4 6
U tiliza tio n  o f  c a te g o r ie s  4 8

Species concept 49 
Infraspecific ran k s  53  
G enus 54 
Family 54

4 . DESCRIPTIVE TERMINOLOGY 5 6 -9 0  
H abit a n d  life  sp a n  5 6
H a b ita t  5 7  
R o o ts  5 7  
S te m s  5 8  
L ea ves 61

Leaf a rran g em en t 62 
Leaf dura tion  63
Leaf incision 63
Stipules 65 
Leaf shape 65 
Leaf m argin 66
Leaf base 66
Leaf apex 67
Leaf surface 68
V enation 69

In flo rescen ce  6 9  
Racemose types 69 
Cymose types 70
Specialized types 71 

F lo w er 71 
Calyx 73 
Corolla 74 
P erian th  74
Androecium  74
G ynoecium  77

F ru it 7 9
Simple fru its 80 
Aggregate fru its 82  
Multiple fru its 83

F lora l fo r m u la  8 3
F lora l d ia g ra m  8 3

5 . PROCESS OF IDENTIFICATION 9 1 -1 2 7
S p ec im en  p re p a ra tio n  91

Fieldwork 91 
Equipm ent 92 
Collection 93 
P ressing  93



4 %

Contents vii

H andling special groups 94 
Drying 94

H erbarium  m e th o d s  9 5
Botanical gardens 95 
H erbaria  101 
Pest Control 105 
V irtual herbarium  106

Id e n tif ic a tio n  m e th o d s  1 0 8
Taxonomic lite ra tu re  108 
Taxonomic keys 113 
C m puters in identification 120 
Interactive keys Id. 121

6 .VARIATION, BIOSYSTEMATICS, POPULATION GENETICS
AND EVOLUTION 1 2 8 -1 4 8
T ypes o f  v a r ia tio n  1 2 8

Developmental variation 129 
Environm ental variation 129 
Genetic variation 129 

V arian ce a n a ly s is  1 2 9  
R e p ro d u c tiv e  s y s te m s  131  

O utbreeding 131 
Inbreeding 135 
Apomixis 135 

P o p u la tio n  g e n e tic s  1 3 5  
Allele frequencies 136  
M ating system s 136 
Hardy-W einberg law 136

E v o lu tio n  1 3 9  
M utation 140 
Migration 140
Random  genetic drift 140 
N atural selection 141 
M olecular evolution 143 
N eutral theory of evolution 143 
Speciation 144

7 . TAXONOMIC EVIDENCE 1 4 9 -2 0 9
M orph o logy  1 4 9

Habit 149 
U nderground parts  150 
Leaves 150 
Flowers 150 
F ru its  150 

A n a to m y  1 5 0
Wood anatom y 150
T richom es 151
Epiderm al features 153 
Leaf anatom y 153 
Floral anatom y 153



viii Plant Systematics

E m b ryo lo g y  1 5 4
Fam ilies m arked out by d istinct embryological featu res 154 
Specific exam ples of the role of embryological d a ta  155 

P a ly n o lo g y  1 5 6
Pollen aggregation 156
Pollen wall 157 
Pollen apertu re  157

M icrom orph ology a n d  U ltra s tru c tu re  1 5 9
Micromorphology 159
U ltrastructu re  161

C h rom osom es 1 6 4
Chrom osom al num ber 164 
Chrom osom al s tru c tu re  167
Chrom osom al behaviour 168

C h em otaxon om y 1 6 8
Primary m etabolites 169 
Secondary m etabolites 169 
N on-sem antide M acromolecules 178 
Proteins 178

M olecu lar s y s te m a tic s  1 8 4
M olecular evolution 184 
Location of m olecular d a ta  186 
M olecular techniques 187  
DNA polymorphism 199 
Exam ples of m olecular stud ies 204  
Gene trees 209

8 . DEVELOPING CLASSIFICATIONS 2 1 0 -2 6 4
P h en e tic  m e th o d s 2 1 0

Principles of taxom etrics 211
C la d is tic  m e th o d s 2 1 2

Phylogenetic term s 213  
Phylogenetic diagram s 221 
Phylogeny and  classification 225  

P h y lo g en e tic  d a ta  a n a ly s is  2 2 9
Taxa-O perational U nits 229  
C h arac te rs  229  
M easure of sim ilarity 234  
C onstruction  of trees 237  
The C onsensus tree 251 
A utom ated trees 258  
Gene trees and  species trees 262  
Developing classification 263

9 . PHYLOGENY OF ANGIOSPERMS 2 6 5 -2 9 6
O rigin o f  A n g io sp erm s 2 6 5

W hat are  Angiosperms? 265
W hat is the age of Angiosperm s? 266
W hat is the  place of their origin? 268
Are angiosperm s monophyletic or polyphyletic? 270



W hat are the  possible ancesto rs?  270  
Origin of m onocotyledons 280  

B a sa l liv in g  a n g io sp erm s 2 8 0  
C asu a rin aceae  281 
Magnoliids 281 
Paleoherbs 282  

E v o lu tio n a ry  tre n d s  2 8 5  
Coevolution w ith an im als 285  
Basic evolutionary tren d s  286  
Xylem evolution 2 8 7  
S tam en evolution 289  
Pollen grain evolution 292  
Carpel evolution 292 
Evolution of inferior ovary 296

10. SYSTEMS OF CLASSIFICATION 
C la ss if ic a tio n s  b a se d  on g ro ss  m orph o logy  2 9 7

Preliterate  m ankind  297  
Early literate  civilisations 2 9 7  
Medieval Botany 299
R enaissance  300

S e x u a l S y s te m  3 0 2  
C arolus L innaeus 303

N a tu ra l S y s te m s  3 0 6
Michel Adanson 306
J e a n  B. P. Lam arck 306  
de Ju ss ie u  family 306
de Candolle family 307
Robert Brown 308
George B entham  and  Sir J . D. Hooker 308  

P h y lo g en e tic  S y s te m s  3 1 2
T ransitional System s 312  
In ten tional phylogenetic system s 316  
Modern phylogenetic system s 324

11. FAMILIES OF PTERIDOPHYTES
L y c o p o d io p h te s

Lycopodiaceae 362
Selaginellaceae 363
Isoetaceae 365

P s ilo p s id a
Ophioglossaceae 366
Psilotaceae 368

E q u is e to p s id a
Equisetaceae

P te r o p s id a
370

O sm undaceae 371
M arsileaceae 373
Salviniaceae 374
C yatheaceae 376
Pteridaceae 377

Contents ix

2 9 7 -3 5 8

3 5 9 -3 8 3



x Plant Systematics

A spleniaceae 379  
D ryopteridaceae 380  
Polypodiaceae 382

12. FAMILIES OF GYMNOSPERMS 3 8 4 -4 0 6
C y c a d a le s

Cycadaceae 386  
Z am iaceae 387

G in k g o a le s
G inkgoaceae 389  

C o n ife ra les
Pinaceae 391 
C upressaceae 393  
Podocarpaceae 395  
A raucariaceae 396  
Taxaceae 398  

G n eta les
Ephedraceae 399 
G netaceae 401

13. MAJOR FAMILIES OF ANGIOSPERMS 4 0 7 -6 7 8
A n g io sp erm s ro ll o f  hon our 4 0 8
C h lo ra n th id a e  4 0 9

Amborellaceae 409  
C h lo ran thaceae  411 
Austro baileyaceae 413  
W in teraceae  
Illiciaceae 415  
Cabom baceae 417  
N ym phaeaceae 419  
C eratophyllaceae 421 

M a g n o liid a e  4 2 3  
M agnoliaceae 423  
D egeneriaceae 425  
A nnonaceae 427  
C alycanthaceae 429  
Lauraceae 431 
W interaceae 433  
S au ru raceae  435
Piperaceae 4 3 7  .

A lis m a tid a e  4 3 9
Acoraceae 439  
A raceae 441 
B utom aceae 443  
A lism ataceae 445  
H ydrocharitaceae 447  
Potam ogetonaceae 449  

L il i id a e  451  
P andanaceae 451 
D ioscoreaceae 453  
Sm ilacaceae 455



Liliaceae 473  
O rchidaceae 475  
Iridaceae 478  
A sphodelaceae 480  
Alliaceae 482  
Subfamily 484  
Agavaceae 485  

C o m m elin id a e  4 8 7  
A recaceae 488  
C om m elinaceae 490  
M usaceae 492  
Z ingiberaceae 494  
C annaceae 496  
Ju n caceae  498  
Cyperaceae 500  
Poaceae 502  

R a n u n cu lid a e  5 0 5  
Paeoniaceae 505  
Berberidaceae 507  
R anunculaceae 509  
Papaveraceae 512  

H a m a m e lid id a e  5 1 4  
Saxifragaceae 514  
Fagaceae 517  
B etulaceae 519  
C asu arin aceae  521 

C a ry o p h y llid a e  5 2 3  
Portulacaceae 524  
C actaceae 526  
N yctaginaceae 528  
Aizoaceae 530  
Chenopodiaceae 532  
A m aran thaceae  534  
Caryophyllaceae 536  
Polygonaceae 538  
D roseraceae 540  

R o sid a e  5 4 2  
C elastraceae 543  
Violaceae 545  
Salicaceae 547  
C ucurbitaceae 550  
C lusiaceae 552  
Euphorbiaceae 554 
Oxalidaceae 557  
Zygophyllaceae 559 
G eraniaceae 561 
Rosaceae 563  
Fabaceae 566 
M yrtaceae 572



xii Plant Systematics

Ly th raceae  574
O nagraceae 577 

M a lv id a e  5 7 9  
M alvaceae 580  
G rew iaceae 583  
D ipterocarpaceae 584 
R ham naceae 586  
U lm aceae 588  
M oraceae 590 
U rticaceae 592 
Rafflesiaceae 595 
C apparaceae 597 
C leom aceae 599 
B rassicaceae 600  
R utaceae 603 
M eliaceae 605  
A nacardiaceae 607 
Sapindaceae 620 

A s te r id a e  6 1 2  
H ydrangeaceae 623 
C ornaceae 62 7 
B alsam inaceae 629 
Polem oniaceae 632 
Ebenaceae 633 
Sapotaceae 635 
Prim ulaceae 637  
Ericaceae 639 
Adoxaceae 642 
Apiaceae 644 
A raliaceae 646 
A steraceae 649 

L a m iid a e  6 5 2  
Solanaceae 652 
Convolvulaceae 655 
B oraginaceae 657 
Rubiaceae 659 
Apocynaceae 662 
P lan tag inaceae 664 
Lam iaceae 666 
V erbenaceae 669 
B ignoniaceae 672 
A canthaceae 673 
Scrophulariaceae  67

COLOUR FIGURES

S te m s  8 5  
L ea ves  8 6



Contents xiii

In flo rescen ces  8 7  
F r u its  8 8  
P te r id o p h y te s  4 0 3

Selaginellaceae, O sm undaceae, B lechnaceae 403  
G y m n o sp e im s

Cycadaceae, Zam iaceae 404  
G inkgoaceae, Pinaceae, C upressaceae  405  

A n g io sp e rm s  4 5 7  
C hloranth idae 457  
Magnoliidae 458
Araceae, A lism ataceae, H ydrocharitaceae, Liliaceae 459  
Iridaceae, Asphodelaceae, Alliaceae 460  
H yacinthaceae, Agavaceae, A sparagaceae, Nolinaceae 461 
Arecaceae, M usaceae, C om m elinaceae, Cyperceae, Poaceae 462  
Paeoniaceae, B erberidaceae, Papaveraceae 463  
R anuncu laceae  464
G rossulariaceae, Fagaceae, Nothofagaceae, Betulaceae 465  
Portulacaceae, C actaceae, N yctaginaceae, Aizoaceae 466  
C henpodiaceae, A m aranthaceae, Caryophyllaceae, Polygonaceae 467  
C elastraceae, Violaceae, C ucurb itaceae, Begoniaceae 468  
C lusiaceae, Euphorbiaceae, Oxalidaceae 469  
G eraniaceae, Rosaceae 470  
Fabaceae 471
M yrtaceae, Lythraceae, O nagraceae 472
Malvaceae, R ham naceae, M oraceae 615
Rafflesiaceae, B rassicaceae 616  
R utaceae, A nacardiaceae, Meliaceae 617  
S apindaceae 618
H ydrangeaceae, Polem oniaceae, C ornaceae, Prim ulaceae 619  
Ericaceae, Adoxaceae 620
Apiaceae, Araliaceae 621
A steraceae 622
Solanaceae, Convolvulaceae, B oraginaceae 623  
Rubiaceae, Apocynaceae 624  
P lan tag inaceae, Lam iaceae 625
V erbenaceae, B ignoniaceae, A canthaceae, Scrophulariaceae 626

REFERENCES
INDEX

6 6 9 -7 0 2
7 0 3 -7 4 2


