CHAPTER 1

CHAPTER 2

TABLE OF CONTENTS

INTRODUCTION

M

WRNNNAnRBOD =

PDRNRONRNNONNNNNNONNNNNNNNNNNNNN

909090000000 0000000 X WEP VAU ELLLLLN === >

Classification

History of the crop

Geographic limitations

Economic importance

Breeding and citrus improvement problems
Citrus diseases

Plant tissue culture

1. Tissue culture of citrus

)

N o=

Ealiadl M

NERPRPLLLUNDNDN =~

. Development of protoplast culture in citrus

Objectives of the present study
Description of citrus species used in study

TERIAL AND METHODS

Plant material

. Seed sterilisation
. Culture conditions

Culture media
Preparation of explants
Nodal explants
Stem ( Internodal ) explants
Leaf explants
Root explants
Assessment of growth
Rooting
Acclimatisation of tissue culture plantlets
Establishment and maintenance of embryo cells
Protoplast isolation and culture
Enzymes for protoplast isolation
. Preparation of enzymes
Isolation of protoplast
. Embryo callus
Leaf explants
Isolation procedures
. Protoplast viability test
. Protoplast diameter
Methods of culturing the protoplast
. Culture in liquid media
. Culture in solid media
. Agarose droplets culture
Culture conditions

N -

[

W -

Page

(I C V)

11

24

31

37

38

39

40

41
42

43

44
45

46

47



CHAPTER 3

R S

LLWLWLWLRRNNNDN— — — — —

X1

Anatomy

Isoenzyme
. Preparation of extraction
. Preparation of gel and electrophoresis
. Isoenzyme staining

Carbon dioxide assimilation measurements

C. suhuiensis

Effect of NAA

1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants
Effect of BAP

1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants
Effect of NAA and BAP in combinations
1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants
Citrumelo

Effect of NAA

1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants
Effect of BAP

1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants
Effect of NAA and BAP in combinations
1. Nodal explants

2. Internodal explants
3. Leaf explants

4. Root explants

C. limonia

. Effect of NAA
. 1. Nodal explants
. 2. Internodal explants

48

49

51

53

56

57

59

63

67

69

72

75
79
82
84

86
90
94
96



www

LWLULULLLLLLLLLLLLLLLLLLLLLLLLLLLLLLW

wwwww

PN N AR AR R RRERRERERRRRRRALLDLLLLLLLL LW

© oo

10.
10.
10.
10.
10.

X1

Leaf explants
Root explants
ffect of BAP
Nodal explants
Internodal explants
Leaf explants
Root explants
ffect of NAA and BAP supplemented media.
1. Nodal explants
3. 2. Internodal explants
3. 3. Leaf explants
3. 4. Root explants
C. reticulata
1. Effect of NAA
1. 1. Nodal explants
1. 2. Internodal explants
1. 3. Leaf explants
1. 4. Root explants
2. Effect of BAP
2. 1. Nodal explants
2. 2. Internodal explants
2. 3. Leaf explants
2. 4. Root explants
3. Effect of NAA and BAP
3. 1. Nodal explants
3. 2. Internodal explants
3. 3. Leaf explants
3. 4. Root explants
Induction of roots
Establishment of plantlets
Leaf anatomy
Isoenzyme analysis
Protoplast culture
1. Isolation and culture of citrumelo embryo callus
protoplast
1. 1. Enzyme treatment
1. 2. Protoplast culture

1.3.
1.4.
2.E
2.1
2.2
2.3. L
2.4,
3.E
3.

2. Mesophyll protoplasts of citrumelo, C. suhuiensis and

C. limonia.
Physiological studies on some citrus species
1. Photosynthetic rates
1. 1. Light response curve
1. 2. Light compensation point
1. 3. Quantum efficiency

101

103

107

108

112

114

116

117
121

123

127
133
137
143
146

148

153
155

157
161
163



CHAPTER 4

CHAPTER 5§

X1

3. 10. 1. 4. Water use efficiency

DISCUSSION

4.

PR ol S ol ol ol i Il ol

NN PLLUN ==

- PN

Comparative evaluation of regenerative capacity of
explants from various species

Nodal explants

Internodal explants

Leaf explants

Root explants

Rooting

Acclimatisation of tissue culture plantlets

. Establishment of plantlets

Leaf anatomy
Isoenzyme
The isolation, culture and division of protoplast

. Embryo callus of citrumelo

Photosynthetic capability

CONCLUSION

REFERENCES

APPENDIXES

Appendix A: Culture media
Appendix B: Sterilisation methods
Appendix C: CPW salts

Appendix D: Enzyme composition
Appendix E: Leaf anatomy
Appendix F: Isoenzyme analysis

165

169

173

173
175
176
177
178
181
182
184
187

190

192
207

210
211
212
213
217



