viii

TABLE OF CONTENTS
Page
ACKNOWLEDGEMENTS iii
ABSTRACT (ENGLISH) iv
ABSTRACT (THAI) Vi
TABLE OF CONTENTS viii
LIST OF TABLES Xi
LIST OF FIGURES Xiii
ABBREVIATIONS AND SYMBOLS XVi
CHAPTER 1 INTRODUCTION 1
Principles and Rational 1
Research Objectives 3
Scope of the Study 3
Educational Application Advantages 4
CHAPTER 2 LITERATURE REVIEW 5
Topography and Climate of Thailand 5
Wetlands in Thailand 11
Aguatic Plants 13
The Lotus and the Water lilies 14
Relationship of the Lotus to Water lilies 16
Circumscription of water lilies and Nymphaeaceae 18

The position of Nymphaea and Barclaya within

Nymphaeaceae s. str. 19



TABLE OF CONTENTS (CONTINUED)

Page
Taxonomic Literature 20
1. Classification of the Families Nelumbonaceae
and Nymphaeaceae 20
2. Anatomical studies of the Families Nelumbonaceae
and Nymphaeaceae 23
3. Palynology of the Families Nelumbonaceae and
Nymphaeaceae 26
4. Taxonomic studies on Nelumbonaceae and Nymphaeaceae 28
5. Taxonomic studies on Nelumbonaceae and Nymphaeaceae
in Thailand 30
Ethnobotanical Literature 33
The study of the use of Nelumbonaceae and Nymphaeaceae 33
The uses of Nelumbonaceae 33
The uses of Nymphaeaceae 33
Pharmacological uses 34
CHAPTER 3 TAXONOMIC REVISION 36
Methodology 36
Results 39
Characters of Taxonomic Importance 39
Nelumbonaceae 39
Nymphaeaceae 50
Ecology and Distribution 62
Taxonomy 66
1. Typification of Thai Nelumbonaceae and Nymphaeaceae 66
2. Nelumbonaceae 66
3. Nymphaeaceae 76

Discussion 117



TABLE OF CONTENTS (CONTINUED)

Page

CHAPTER 4 ETHNOBOTANICAL STUDIES 121
Materials and Methods 121

Results 122

1. Uses of Nelumbo nucifera in Thailand 127

2. Uses of Nymphaeaceae in Thailand 144

3. Abundance of Nelumbonaceae and Nymphaeaceae 152

Discussion 153

CHAPTER 5 WEBSITE 157
Materials and Methods 157

Results 157

Discussion 168

CHAPTER 6 GENERAL DISCUSSION AND CONCLUSION 169
REFERENCES 178
APPENDIX A. Forms for information recording 189

CURRICULUM VITAE 191



Table

10.

11.

12.

Xi

LIST OF TABLES

Page
Comparison of Thai Nelumbonaceae and Nymphaeaceae species
mentioned in different literature sources. 32
Distribution of the species of Nelumbo, Nymphaea and Barclaya
in Thailand. 64
Thai names of Nelumbo nucifera recorded at 53 localities throughout
Thailand and mentioned in Sinthusan (1982) and Lakhakul (1992). 73
The five subgenera of Nymphaea and their characters as defined
by Conard (1905) and Schneider and Williamson (1993). 85
Comparison of Thai Nelumbonaceae and Nymphaeaceae names
mentioned in different literature sources. 118
Localities visited in Thailand to interview 280 local people
about uses of Nelumbo and Nymphaea species. 122
Age and gender of the informants interviewed totaling 280 persons. 126
Twenty uses of Nelumbo nucifera recorded through interviews
with 280 informants at 59 localities throughout Thailand with
indication of prevalence of use. 130
Prices obtained for various products derived from Nelumbo nucifera
according to interviews with 280 informants at 53 localities
throughout Thailand with indication of number of informants
providing information. 141
Regional variation in Nelumbo nucifera use frequencies by categories
mentioned by 280 informants at 53 localities throughout Thailand. 142
Variation in average number of different uses of Nelumbo known
by 280 informants in four regions of Thailand. 143

Variation in commercialization of Nelumbo nucifera in different
regions of Thailand. 143



Table
13.

14.

15.

16.

17.

18.

19.

20.

xii

LIST OF TABLES (CONTINUED)

Uses of Nymphaea spp. in Thailand. Information obtained in field
survey for this study.

Regional variation in frequency of use of Thai Nymphaea mentioned
by 280 informants at 53 localities throughout Thailand.

Regional variation in frequencies of uses of Thai Nymphaea for food,
based on information from 280 informants at 53 localities
throughout Thailand.

Regional variation in use frequencies of Thai Nymphaea for medicine
based on interviews with 280 informants at 53 localities throughout
Thailand.

Variation in average number of different uses of Thai Nymphaea.
(Nymphaea rubra, Nymphaea pubescens, Nymphaea nouchali and
Nymphaea capensis var. zanzibariensis) known by 280 informants

in four regions of Thailand, specified for all uses mentioned and
separately for medicinal and food uses.

Variation in commercialization of Thai Nymphaea in different
regions of Thailand given as number of informants mentioning

each plant part sold locally or at regional, national, or international
markets.

Comparison of leaf character of Nelumbo nucifera and the species of
Nymphaeaceae in Thailand.

Comparison of leaf and flower character of Nelumbo nucifera and

the species of Nymphaeaceae in Thailand.

Page

146

150

150

151

151

152

161

162



Xiii

LIST OF FIGURES

Figure Page
1 Map of Thailand and neighboring countries. 5
2  Map of Thailand and wetlands in Thailand divided into four

natural regions of Thailand. 6
3  Floristic regions and provinces of Thailand. 10
4 Types of aquatic plants. 14
5 Lotus and water lilies. 15
6 Cladograms of the Nymphaeales and allied groups. 17
7  Cladogram showing the relationships of the major groups of angiosperms. 21
8 Mature pollen grain stage of Nelumbo nouchali Burm. f. 27
9 Mature pollen grain stage of Nymphaea. 28
10 Rhizome of Nelumbo nucifera Gaertn. with stolon and root. 40

11 Rhizome of Nelumbo nucifera Gaertn., showing the big air canals inside. 40

12  The root of Nelumbo nucifera Gaertn. at the node. 41
13 Leaves of Nelumbo nucifera Gaertn. 42
14 Transverse section of the leaf of Nelumbo nucifera Gaertn. 43
15 Transverse section of petiole of Nelumbo nucifera Gaertn. 44
16 The perianth of Nelumbo nucifera Gaertn. 45
17 The androecium of Nelumbo nucifera Gaertn. 46

18 Gynoecium showing stigma, ovary and ovule of Nelumbo nucifera Gaertn.47

19 Transverse sectoin of peduncle of Nelumbo nucifera Gaertn. 48
20 Transverse section of peduncle of Nelumbo nucifera Gaertn. 48
21 The fruit of Nelumbo nucifera Gaertn. 49
22 The seed of Nelumbo nucifera Gaertn. 49
23 Rhizome and tuber of Nymphaeaceae. 50
24 Leaf of Nymphaea rubra Roxb. ex Salisb. 51
25 Leaf anatomical feature of Nymphaeaceae. 53

26 Transversee section of petiole of subgenus Brachyceras 54



Figure

27
28
29
30
31
32
33
34
35

36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

Xiv

LIST OF FIGURES (CONTINUED)

Transverse section of petiole of subgenus Lotos.

Transverse section of peduncle of subgenus Brachyceras.

Transverse section of peduncle of subgenus Lotos.
Perianth of Nymphaeaceae.

Androecium of Nymphaea rubra Roxb. ex Salisb.
Gynoecium of Nymphaea rubra Roxb. ex Salisb.
Fruit of Nymphaea.

Seeds of Nymphaeaceae.

Page
55
56
57
58
59
60
61
61

Stingless bee foraging for pollen in the flower of N. rubra Roxb. ex Salisb.

and N. cyanea Roxb.

Distribution of Nelumbo nucifera Gaertn.
Nelumbo nucifera Gaertn..

Line drawing of Nelumbo nucifera Gaertn.

Distribution of Nelumbo nucifera Gaertn. in Thailand.

Cultivated forms of Nelumbo nucifera Gaertn.
Barclaya motleyi Hook. f. on herbarium sheet.
Barclaya longifoliaWall.

Line drawing of Barclaya longifolia Wall.

Distribution of Barclaya longifolia Wall. in Thailand.

Nymphaea cyanea Roxb.

Line drawing of Nymphaea cyanea Roxb.
Distribution of Nymphaea cyanea Roxb. in Thailand.
Nymphaea nouchali Burm. f.

Line drawing of Nymphaea nouchali Burm. f.
Distribution of Nymphaea nouchali Burm. f.
Nymphaea pubescens Willd.

Line drawing of Nymphaea pubescens Willd.

63
64
70
71
72
75
79
81
82
83
88
89
90
94
95
96
100
101



Figure

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67

68

XV

LIST OF FIGURES (CONTINUED)

Distribution of Nymphaea pubescens Willd.

Nymphaea rubra Roxb. ex Salisb.

Line drawing of Nymphaea rubra Roxb. ex Salisb.
Distribution of Nymphaea rubra Roxb. ex Salisb.
Nymphaea capensis var. zanzibariensis (Casp.) Conard.
Nymphaea ‘Jongkolnee’.

Nymphaea lotus L.

Victoria amazonica (Poepp.) Sowerby

Food from rhizomes of Nelumbo nucifera Gaertn.

Food from stolon of Nelumbo nucifera Gaertn.

The Uses of pods and seeds of Nelumbo nucifera Gaertn.for food.

The medicinal uses of Nelumbo nucifera Gaertn.

Rituals and Miscellaneous uses of Nelumbo nucifera Gaertn.
Harvesting flowers of lotus.

Preparing leaves and stamen of Nelumbo nucifera Gaertn. for
commercialization.

Uses of Nymphaea spp.

Page
102
105
106
107
111
112
115
117
131
132
133
134
135
139

140
147



K, M
a.s.l.
ca.

cf.
comb. nov
cult.
Cv.
diam.
e.g.

f.

hb.

ie.

in syn.
m.

n.v.

nom. illeg.
nom. legit.

nom. nud.

nov.

P.p.
s.l.
s.n.
S. str.
sp.
subg.
subsp.

XVi

ABBREVIATIONS AND SYMBOLS

micron, one thousandth of a millimeter, 0.0001 cm.
above sea level

circa (about)

confer

combinatio nova ( new combination of name and epithet)
cultus (cultivated)

cultivarietas (cultivar)

diametro (in diameter)

exempli gratia ( for example)

filius (son)

herbarium

id est (that is)

in synonymia ( in synonymy)

meter (metre)

non visus (not seen)

nomen illegitimum (illegitimate name)

nomen legitimum (legitimate name)

nomen numdum ( name unaccompanied by a description of
reference to a published description)

novus (new)

pagina (page)

pro parte (in part)

sensu lato (in a broad sense)

sine numero (without number)

sensu stricto (in a narrow sense)

species

subgenus

subspecies



Xvii

ABBREVIATIONS AND SYMBOLS

var. variety
V.S. vidisiccam (I have it in a dried state)



