EMBRYOLOGY OF GYMNOSPERMS

by

Dr. HARDEV SINGH

Reader, Department of Botany, University of Delhi, India

With 151 figures

1978

GEBRUDER

BORNTRAEGER - BERLIN - STUTTGART



Contents

1 Introduction . 1
1.1 Classification and Dchmltatlon of thc Group 1
1.2 The Two Scopes of Embryology 3
1.3 Some Important Names and Dates 4
2 Microsporangium . . 6
2.1 Development and Internal lefcrentlatlon e 6
2.2 Exothecium and Endothecium . . . . . . . . . . . . . . . . ... 10
23 Tapetum. . . . . . . L. L L L L 12
24 Microsporogenesis . . . . . . . . . . . . . . . . . . .. ... .. .20
25 8poreWall . . . . . .. L0 o026
2.6 Dehiscence . . . . . . . . L L L L Lo L 31
3 Pre-PollinationOvule . . . . . . . . . . . . . o . . . . ... 33
3.1 Componentsof theOvule . . . . . . . . . . . . . ..o L 33
3.2 Orientation and Symmetry of the Ovule . . . . . . . . . . . . . . . .. 34
3.3 Initiation of the Ovular Parts . . . . . . . . . . . . . . . . . . ... 34
34 Development of Nucellus . . . . . . . . . . . . . . . . . . . .. 40
3.5 Mature (Primary) Nucellus . . . . . . . . . . . . . . . . . . .. .. 44
3.6 Pollen Chamber . . . . . . . . . . . . . . ..o 47
3.7 Megasporogenesis . . . L 51
3.8 Integument and other Covermg Structures L 56
4  Pollination Mechanism . . . . . . . . . . . . . . . ... 61
4.1 General Mechanism . . . . . . . . . . . . Lo 61
4.2 Pollination Drop . . . . . . . . . . . . ..o 62
43 Winged Pollen . . . . . . . . . . . . oo 66
44 Special Mechanisms . . . . . . . .. . L oo 66

441 Picea orientalis Type . . . . . . . . . . . oo 66

442  Pinus-Picea Type . . . . . . . . . . . .. 66

443 Psewdotsuga-Larix Type . . . . . . . . . . . . . 68

444 Abies-Cedrus Type . . . . . . . . . . oo 69

445 TsugaType . . . e 69

4.46  Agathis-Araucaria Typc o 69
4.5 Entomophily . . . . . O 72

-46Evolut10n............Au..‘....u......‘ 73



X Contents

5 Male Gametophyte

5.1 Terminology .
Microspore 76 Central Ccll 76 Prothalhal Ccll 76 Anthendlal Inmal 77
Antheridial Cell 77; Tube Cell 77; Stalk Cell 77; Body Cell 77; Male Gametes 77

5.2 General Pattern of Development and Variations . R

5.3 Fossil Forms

5.4 Gnetum and Welwzmlna

5.5 Homologies .

5.6 In Vitro Pollen Culture

6 Post-Pollination/Pre-Fertilization Ovule
6.1 Closing of Micropyle .

6.2 Closure of Pollen Chamber

6.3 Intermediary Chamber

6.4 Patrerns of Ovule Enlargement

6.5 Nucellar Vasculature

6.6 Nutritive Tissue .

7 Female Gametophyte

7.1 General Pattern of Development
7.2 Variations .

7.3 Gnetum and Welwzt;[bm

7.4 Tent Pole

7.5 Archegonial Chambcr

7.6 Megaspore Membrane .

7.7 In Vitro Culture Studies

8 Pollen Tube and Male Gamete
8.1 Pollen Germination .
8.2 The Common Pollen Tube
8.3 Pollen Tube in Cycads and Ginkgo
8.4 Body Cell and Male Gametes

8.41 Ciliate Sperms

8.42 Male Cells .

8.43 Male Nuclei
8.5 Multiple Male Gametes

9 Archegonium and Female Gamete .o
9.1 Single Archegonia and Archegonial Complexes
9.2 Neck Cells . . . o
9.3 Jacker Layer .

9.4 Cytoplasm — Central Ccll and Egg Cell

9.5 Egg Nucleus . .

9.6 Egg Nuclei of Grzetum

9.7 Prothallial Tubes of We/wztjt/pm

9.8 Homologies

10 Fertilization . .
10.1 Release of Male Gamctcs

75
75

79
84
85
88
89

96
97
98
99
100
104
106

110
110
115
119
121
123
123
127

131
131
135
138
139
139
150
151
152

153
153
157
159
163
171
172
172
174

176
176



10.3
104

11
11.1

113
114
11.5

12
121
12.2

12.3
124

13
13.1
132

Contents

10.2 Male Gametes in Egg Cytoplasm

Fusion of Cytoplasms .
Fusion of Nuclei

Primary Proembryo 193 Prlmary Uppcr Txcr (pU) 193 anary Embryonal
Tier/Cells (pE) 193; Internal Division 193; Upper Tier (U) 194; Suspensor

Pinaceae Variations 195 P.ceudotmga Vananon 195 At/)rotaxfs Van;mon 196

Embryo .
Proembryogeny .
11.11  Cycad and Glnéga Typc
11.12  Conifer Type .
11.121 Terminology .
Tier (S) 194; Embryonal Tier/Cells (E) 194
11.122 Variations .
Callitris Variation 197
1113 Ephedra and Sequoia Type
11.14  Gnetum and Welwitschia Typc

Early Embryogeny

11.21

11.22
11.221

11.222
11.23
11.24
11.241
11.25

Suspensor System

Embryonal Suspensor (Es) 205 Suspensor Tubc 205 Embryonal Tubcs (ct) 06

Polyembryony .
Terminology .

Simple Polycmbryony 209 Clcavagc Polycmbrvom 209 Umtary

Cleavage 209; Partial Cleavage 209; Total Cleavage 209; Inhibitory

Cleavage 209; Unitary Lobing 209; Determinate Cleavage Polyembryony 209;
Indeterminate Cleavage Polyembryony 209; Persistent Polyembryony 209

Transitory Polyembryony 209
Phylogenetic Considerations
Embryogeny Formulae
Embryonal Mass .

Cap Cells

‘Rosette Embryos’ and Suspcnsor Prohfcmnon

Late Embryogeny
Mature Embryo .
In Vitro Culture Studies

Postfertilization Ovule/Seed
Development of Seed Coat
Mature Seed Coat

12.21
12.22

Anatomy of the Thrcc I.a)crs
Vasculature .

Other Coverings .
Endosperm .

Embryology in Relation to Time
Seasonal Development .
Duration of the Reproductive C ulc

13.21

One-Year Type Reproductive Cycle

X1

178
179
184

188
188
191
192
193

194

199
200
203
203

206
208



XII Contents

13.22  Two-Year Type Reproductive Cycle . . . . . . . . . . . . . . . . 246
13.23 Three-Year Type Reproductlvc Cyclc . £
13.3 Ecological Considerations . . . 5 3
14 Conclusions . . . 5 ¥
14.1 Relevance of Embryology of Gymnosperms e 252
14.11  Embryology and Forest Genetics . . . . . . . . . . . . . . . . . 25
1412  Embryology and Silvicultuee . . . . . . . . . . . .. o ... . 255
1413 Embryology and Taxonomy . . . . . . . . . . . . . . . . . . . 25
14131 Sciadepitys . . S
14.132 Podocarpaceae and Pby//ofladus 5 10
14.133 Sequoia . . > ¥
14134 Cephalotaxus and Taxalcs S ¥
14.135 Thuja and Biota . . . e e e e 2
14.136  Epbedra, Gnetum and W/elwztssza e
142 Prospects. . . . . . . . L L L L L L Lo 200
Bibliography . . . . . . . . . . . . L . ... ... oL 20
Addendum . . . . . . . . . . . . . . . . . . . . . . . ... ... ... 288
AuthorIndex . . . . . . . . . . . . . . . . . . . . .. ... ... .. 9

SubjectIndex . . . . . . . . . . . . L. oL oL o297



