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ABSTRACT

Seeds ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f. were
collected 6 months after pollination. All seeds evaseptically germinatead vitro on
Murashige and Skoog (MS, 1962) medium supplementi¢id 15% coconut water
(CW). After 2 months of culture, the seeds gernadanto protocorms and used as
initial explants for induction and proliferation @rotocorm-like bodies (PLB) in
various kinds of culture media [MS, Vancin and WéwW, 1949) medium, New
Dogashima (ND, 1993) medium] using different treatits. The results showed that
all culture media with or without 15% CW could nioiduce PLB owing to the
exudates (phenolic compounds) released from cultpretocorms. Protocorms cut
longitudinally into half (bisected protocorms) andltured in VW liquid medium
supplemented with 150 mg/l ascorbic acid gave #s& proliferation of PLB at 21
PLB/explant after being cultured for 50 days. Waeshdorotocorms obtained by
tapping into the wound around the protocorms wisharp razor blade and cultured
on half strength Murashige and Skoog (¥2 MS) medsuipplemented with 0.1 mg/I
NAA and 0.1 mg/l TDZ for 6 weeks gave the highestcentage of PLB formation
and each explant produced small, medium and largs sf PLB at 13.9, 10.7 and 11
PLB per explant, respectively. Upon transferringesin PLB to ND medium
supplemented with 0.2% (w/v) activated charcoal YA&Gd 4% (w/v) sucrose for 5
months the best results in vegetative growth amdwal rate were obtained at 100%.
Morphological characteristics of those plantletsaweormal and ploidy level was the
same as controlled plantlets as revealed by flaoanogtry.

The protocorms at different ages were also presern different
methods, in liquid nitrogen (LN). Preparation ofofmcorms by encapsulation-

dehydration gave the higher survival rate and geation percentage of protocorms



viii

than those obtained by encapsulation-vitrificatiGiowever, survival rate of the
protocorms was not obtained after cryopreservatiooN for one day.Even though
those preparations were modified by cold-hardenimgsucrose pretreatment at
various periods, the survival rate of encapsul@&®eB after cryopreservation in LN
was not improved. Therefore, encapsulation of th® &sing 3% sodium alginate and
100 mM calcium chloride dissolved in ND liquid medi supplemented 2% (w/v)
sucrose and storage at 25x1RCvitro for 30 days was optimum for germplasm
storage ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f. Germination and
proliferation of encapsulated PLB could be perfainedfectively at 100% on ND
medium supplemented with 4% (w/v) sucrose and O(2%) activated charcoal
(AC).



ACKNOWLEDGEMENT

I would like to express my deepest and sincere gratitude to my advisor,
Associate Professor Dr. Sompong Te-chato from Department of Plant Science,
Faculty of Natural Resources, Prince of Songkla University, for his valuable support,
encouragement, supervision and useful suggestions throughout this research work.

| am very grateful to thank my co-advisor, Associate Professor Dr.
Kanchit Thammasiri from Department of Plant Science, Faculty of Science, Mahidol
University, for the valuable comments on my thesis, and thanks are also extended to
examination committee members of this thesis for their comments and suggestions.

| am grateful to thank my examining committees: Associate Professor
Dr. Sonticha  Chanprame from Department of Agronomy, Faculty of Agriculture at
Kamphaeng Saen, Kasetsart University, and Associate Professor Dr. Sayan Sdoodee
from Department of Plant Science, Faculty of Natural Resources, Prince of Songkla
University, for their valuable comments and suggestions, which greatly contributed to
asuccess of thisthesis.

| aso wish to thank Prof. Hugh W. Pritchard, Philip T. Seaton and
Dr. Tim Marks from the Seed Conservation Department, Royal Botanic Gardens,
Kew, Wakehurst Place, United Kingdom for the short-term training course in Seed
Conservation of Orchids, and | aso wish to thank Associate Professor Ryo Akashi
from Division of BioResource, Frontier Science Research Center, Department of
Biological Production and Environmental Science, Division of Grassland Science,
Faculty of Agriculture, Miyazaki University, Japan for the short-term training course
in 2010 summer program.

I would like to acknowledge the Commission on Higher Education,
Thailand for supporting by grant fund under the program Strategic Scholarships for
Frontier Research Network for the Ph.D. Program Tha Doctoral degree for this
research and the Graduate School of the Prince of Songkla University for financial
support.

My deepest gratitude goes to my parents and my brother, for their
unflagging love and support throughout my life, and all of the numbers of the
Laboratory Crop Biotechnology who helped creating an enjoyable atmosphere to be

working in and for their helpful in many countless ways throughout the years.

Suphat Rittirat



CONTENTS

ABSTRACT

ACKNOWLEDGEMENT

CONTENTS

LIST OF TABLES

LIST OF FIGURES

LIST OF ABBREVIATIONS AND SYMBOLS

Chapter 1: INTRODUCTION
1.1 Introduction about orchids.
1.2 Micropropagation dPhalaenopsis.
1.3 Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.
1.4 Effects of natural additives on orchid tissukure.
1.5 Automation of orchid mass propagation.
1.6 Problems in orchid micropropagation.
1.7 Cryopreservation of orchids.
1.8 Atrtificial seed production.
1.9 Research objectives.
Chapter 2. MATERIALS AND METHODS
2.1 Micropropagation oPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.
2.1.1 Seed germination, protocorm formation and ntEa
development.
2.1.2 Study on the effects of culture media on gincand PLB
induction from protocormsn vitro.
2.1.3 Study on the effects of ascorbic acid anduoellmedia on
PLB induction from bisected and protocormitro.
2.1.4 Study on the effects of starting explantsRGdRs on PLB

formation.

Xiv
XVi

XixX

m-bNHl—‘

10

11

12

14

14

14

14

15

15



2.2

2.3

CONTENTS (Continued)

2.1.5 Study on the effects of culture media, cobegions of
sucrose and activated charcoal on plantlet growth.

2.1.6 Study on ploidy instability analysis usirigw cytometry
(FCM).

2.1.7 Plant regeneration and transfer to the r@ese.

2.1.8 Experimental Design and Data Analysis.

Cryopreservation oPhalaenopsis cornu-cervi (Breda) Blume &

Rchb. f.

2.2.1 Study on the effects of cryopreservationhoé$ and ages of
protocorm on survival rate of cryopreserved protot

2.2.2 Study on the effects of dehydration timesorvival rate of
cryopreserved encapsulated PLB.

2.2.3 Study on the effects of cold-hardening asklydration time
on survival rate of cryopreserved encapsulated PLB.

2.2.4 Study on the effects of sucrose pretreatmedtdehydration
time on survival rate of cryopreserved encapsulBiesl.

2.2.5 Experimental Design and Data Analysis.

Alginate-encapsulation, short-term storage f@adtlet regeneration

from PLB ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

2.3.1 Study on the effects of different storagexditbons and
intervals on their conversion ability &halaenopsis cornu-
cervi (Breda) Blume & Rchb. f.

2.3.2 Study on the ploidy instability analysisngsflow cytometry
(FCM).

2.3.3 Experimental Design and Data Analysis.

Chapter 3: RESULTS

3.1

Micropropagation ofPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.

Xi

Page
16

17

17

18

18

21

22

24

26

26

26

28
28

18

26

27



3.2

3.3

CONTENTS (Continued)

3.1.1 Seed germination, protocorm formation andangbt
development.

3.1.2 Effects of culture media on growth and Ph&uction from
protocormsn vitro

3.1.3 Effects of ascorbic acid and culture medi&@aB induction
from bisected and protocornsvitro.

3.1.4 Effects of starting explants and PGRs on RitBiation.

3.1.5 Effects of culture media, concentrations sotrose and
activated charcoal on plantlet growth.

3.1.6 Ploidy instability analysis using flow cytetry (FCM).

3.1.7 Plant regeneration and transfer to the dp@ese.

Cryopreservation oPhalaenopsis cornu-cervi (Breda) Blume &

Rchb. f.

3.2.1 Effects of cryopreservation methods and adgwotocorm
on survival rate of cryopreserved protocorms.

3.2.2 Effects of dehydration time on survival rabé cryo-
preserved encapsulated PLB.

3.2.3 Effects of cold-hardening and dehydrationetion survival
rate of cryopreserved encapsulated PLB.

3.2.4 Effects of sucrose pretreatment and dehpdraime on
survival rate of cryopreserved encapsulated PLB.

Alginate-encapsulation, short-term storage @adtlet regeneration

from PLB ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

3.3.1 Effects of different storage conditions amervals on their
conversion ability of Phalaenopsis cornu-cervi (Breda)
Blume & Rchb. f.

3.3.2 Ploidy instability analysis using flow cytetry (FCM).

Xii

Page
28

31

35

44
64

73

79

82

82

84

86

90

93

93

100



CONTENTS (Continued)

Chapter 4: DISCUSSION

4.1

4.2

4.3

Micropropagation oPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.
Cryopreservation oPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.
Alginate-encapsulation, short-term storage [@adtlet regeneration

from PLB of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Chapter 5: CONCLUSIONS

5.1

5.2

5.3

Micropropagation ofPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.
Cryopreservation oPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.
Alginate-encapsulation, short-term storage@adtlet regeneration

from PLB ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

REFERENCES
APPENDICES

APPENDIX A

Media for micropropagation and cryopreservation
APPENDIX B

Solutions for cryopreservation
APPENDIX C

Solutions for artificial seed production

VITAE

Xiii

Page

102
102

110

117

123
123

124

124

125
158
159

159
162
162
164
164
165



LIST OF TABLES

Table

1 Effects of culture media and ascorbic acid on Riuhation from
protocorms and bisected protocorm segment®.ofornu-cervi
(Breda) Blume & Rchb. f.

2 Effects of NAA, TDZ and BA containing 2 MS mediwon PLB
formation from protocorms oP. cornu-cervi (Breda) Blume &
Rchb. f. The frequency of embryo forming explamsd ¢éhe mean
number of PLB per explant were scored after 45 daysilture.

3 Effects of NAA, TDZ and BA containing 2 MS mediwon PLB
formation from bisected protocorms & cornu-cervi (Breda)
Blume & Rchb. f. The frequency of embryo formingokants and
the mean number of PLB per explant were scored 4&ealays of
culture.

4 Effects of NAA, TDZ and BA containing 2 MS mediwon PLB
formation from wounded protocorms & cornu-cervi (Breda)
Blume & Rchb. f. The frequency of embryo formingp&ants and
the mean number of PLB per explant were scored 4f&lays of
culture.

5 Effects of NAA, TDZ and BA containing > MS mediwn PLB
formation from leaf segments Bf cornu-cervi (Breda) Blume &
Rchb. f. The frequency of embryo forming explamsd éhe mean
number of PLB per explant were scored after 45 daysilture.

6 Survival rate and plantlet growth from PLB Bf cornu-cervi
(Breda) Blume & Rchb. f. after 5 months of cultore 2 different
culture media with or without AC and 4 concentrasioof

sSucrose.

Xiv

Page

43

47

51

55

59

67



XV

L1ST OF TABLES (Continued)

Table Page

7 Leaf and root growth from PLB &f. cornu-cervi (Breda) Blume 68
& Rchb. f. after 5 months of culture on 2 differentiture media
with or without AC and 4 concentrations of sucrose.

8 Effects of cryopreservation methods and agesrofoporm on 83
survival rate of cryopreserved protocorms on reginomedium
after 2 months of culture.

9 Effects of dehydration time on survival rate ofapreserved 86
encapsulated PLB.

10 Effects of cold-hardening and dehydration timesarvival rate of 89
cryopreserved encapsulated PLB.

11 Effects of sucrose pretreatment and dehydrdime on survival 92
rate of cryopreserved encapsulated PLB.

12 Effects of different storage temperatures ame tbn conversion 94
of encapsulated PLB é¢thalaenopsis cornu-cervi (Breda) Blume
& Rchb. f.



Figure

10

11

12

13

14

LIST OF FIGURES

Characteristics oPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f.

Development of plantlets from seedsRofcornu-cervi (Breda)
Blume & Rchb. f. germinated on MS medium.

Development of protocorms in various liquid ctdtumedia with
different components.

Development of protocorms in ND liquid medium wit5%
(v/v) coconut water (CW) at different periods oftate.
Three-month-old plantlets on MS medium suppleetknwith
15% (v/v) coconut water (CW) and 0.2% (w/v) actedt
charcoal (AC).

Plantlets acclimatized in the greenhouse.

Growth of bisected protocorms cultured in varibggid culture
media for 3 weeks.

Growth and development of protocorms culturedanous

liquid culture media for 3 weeks.

Growth and proliferation of bisected protocorrafured in
liquid media for 50 days.

Protocorms were cultured in liquid media fordays.

Seedling developed from protocorms after 50 daygsilture.
Aseptically germination oP. cornu-cervi (Breda) Blume &
Rchb. f. from green pods at 6 months after poliora{MAP).
Development of new PLB from culturing protocorors 2 MS
medium containing PGRs at various concentrations.
Development of new PLB from culturing bisectedtpcorms on

% MS medium containing PGRs at various concentratio

XVi

Page

13

29

32

33

34

34

37

38

39

41

42

44

48



Figure

15

16

17

18

19
20

21

22

23

24

25

26

L1ST OF FIGURES (Continued)

Development of new PLB from culturing woundedtpcorms
on %2 MS medium containing PGRs at various conctota
Development of leaf segments after being cultura %2 MS
medium supplemented with PGRs at various concéortsat

PLB development oP. cornu-cervi (Breda) Blume & Rchb. f.

from culturing wounded protocorms on % MS medium

containing 0.1 mg/l NAA and 0.1 mg/l TDZ.

Conversion of protocorm-derived PLB into plargtleon 2
different culture media with 4 concentrations ofrase without
PGRs after 5 months of culture.

Plantlets oP. cornu-cervi (Breda) Blume & Rchb. f.

Protocol for ploidy instability analysis usingpW cytometry
(FCM).

FCM analysis of nuclei isolated from young lesaoé 5-month-
old plantlets derived from culturing wounded pratons on %2
MS medium containing PGRs at various concentrations
Establishment of micropropagation protocol Rof cornu-cervi
(Breda) Blume & Rchb. f. through protocorms.

Asymbiotic germination of seeds &f. cornu-cervi (Breda)
Blume & Rchb. f. on MS medium supplemented with 169%)
CW.

Explants were used to study the effects of dettigoh time on
survival rate of cryopreserved encapsulated PLB.

Water content of encapsulated PLB during varitiose of
dehydration (0-7 hours) in a laminar air-flow cadtiat 25+1°C.
Explants were used to study the effects of baldiening and
dehydration time on survival rate of cryopresergadapsulated
PLB.

Xvil

Page
56

63

69

72
74

75

81

82

84

85

87



Figure
27

28

29

30

31

L1ST OF FIGURES (Continued)

Water content of encapsulated PLB during varamls/dration
periods (0-210 minutes) in a laminar air-flow cagtiat 25+1°C.
Water content of encapsulated PLB obtained soonose
pretreatment and dehydration time (0-7 hours)lan@nar air-
flow cabinet at 25+1°C.

Short-term storage and regeneration of encaesulRLB of

P. cornu-cervi (Breda) Blume & Rchb. f.

Healthy plantlets derived from different storageperatures and
time on germination of encapsulated PLB f cornu-cervi
(Breda) Blume & Rchb. f. after 4 months of cultuwa ND
medium supplemented with 4% (w/v) sucrose and O(2%%)
activated charcoal.

FCM analysis of nuclei isolated from young lesawé 5-month-
old plantlets derived from encapsulated PLB whictravstored

at various temperatures and time.

XVili

Page
88

91

96

97

101



LIST OF ABBREVIATIONSAND SYMBOLS

AC = activated charcoal

ANOVA = analysis of variance

API = air-driven periodic immersion
BA = 6-benzyladenine

BAP = benzylaminopurine

BE = banana extract

CaCl = calcium chloride

cm = centimeter

CRD = completely randomized design
CW = coconut water

2,4-D = 2, 4-dichlorophenoxyacetic acid
DMRT = Duncan’s multiple range test
DMSO = dimethyl sulfoxide

e.g. = example gratia (Latin), for example
et al. = et alli (Latin), and others

FCM = flow cytometry

g = gram

g/l = gram per liter

Gl = Growth Index

IAA = indole acetic acid

ISSR = inter simple sequence repeats
KC = KnudsonC

LN = liquid nitrogen

MAP = months after pollination

ml = milliliter

MS = Murashige and Skoog medium
mm = millimeter

mM = millimolar

mg/I = milligram per liter

Xix



LIST OF ABBREVIATIONS AND SYMBOLS (Continued)

NAA
ND
nm
PGRs
Pl
PLB
POD
PPFD
PPO
PVP
PVS
PVS2
RAPD
rpm
SE
TDZ
VW
viv
wiv

il

pm
pumol m? s?
°C

%

Molar

a-naphthalene acetic acid

New Dogashima medium
nanometer

plant growth regulators

propidium iodide

protocorm-like bodies

peroxidase

photosynthetic photon flux density
polyphenoloxidase
polyvinylpyrolidone

plant vitrification solution

plant vitrification solution formula 2
random amplified polymorphic DNA
round per minute

standard error

thidiazuron

Vacin and Went medium

volume per volume

weight per volume

microliter

micrometer

XX

micromole per square meter per second

degree Celsius

percentage



CHAPTER 1

INTRODUCTION

1.1 Introduction about orchids

Orchids are prized ornamentals that have flouristetbe the second
most popular cut flowers, as well as potted fldtioe crop, with wholesale prices
estimated at $126 million (USDA, 2008). In Thailarmfchids are very important
commercial plants and produce an annual incomeTfwmiland of 2 billion Baht
(Rojanawonget al., 2006). Phalaenopsis (Orchidaceae), commonly known as moth
orchids, their potted plants and cut flower prodgucthave high economic value in
international flower markets. (Goet al., 2009).

Sexual propagation to produce complete plants giroarchid seeds is
difficult because their seeds are tiny, no endospeand in nature they must be
symbiotic with some kinds of fungi in order to gémate (Anjumet al., 2006; Thomas
and Michael, 2007).

Orchid seeds are unusual in several respects. Adritya they possess
rudimentary embryos that have developed only asagathe globular stage. Because
they lack a storage organ (such as an endospetarge cotyledon), they have little
nutrient reserve in comparison with more well séadagricultural species (Lest al.,
2008). Their rudimentary nature is partly respolesilor their requirements for long
times and fungal symbionts for germination. Theginsymbioses that orchid seeds
require to germinate in nature are difficult toaddish artificially, and orchid growing
has flourished only since Knudson (1946) demoretrathat orchid seeds could
germinate and develop into seedlings with high desgy when they were aseptically
cultured on nutrient media. Since them,vitro seed germination protocols have been
established for many orchid species (Arditti, 197Tiysue culture has for many years
played an important role as a mean to propagateidy@and severah vitro cultural
protocols have been developed in gelRlnalaenopsis (Gowet al., 2009).

The production of orchid seedlings from seeds we®lthree successive
phases: germination, formation of protocorms, aetlbng development (Mitret al.,

1976). The development of protocorms from germuhateeds and the subsequent



induction of protocorm-like bodies (PLB), from difent tissues as explants has become
a reliable method for breeding orchids. Propagatphormation of PLB is a preferred
option because of the large number of PLB thatbmanbtained within a short period of
time.

Protocols for the mass propagation and developwfeintvitro methods
have been investigated in many explants of orctiidsugh PLB formation, such as the
propagation of large-scale PLB using: shoot tipgy(Bnd Banerjee, 2003; Malabaatli
al., 2005; Sheelat al., 2004), leaf segments (Martin and Madassery, R@6tocorms
(Sheelavanthmatét al., 2005; Tenget al., 2004), flower stalks (Chen and Chang, 2000;
Chenet al., 2002), stem segments (L@b al., 2008) and root tips (Mannees al.,
2010). PLB can proliferate rapidly and can read#generate into complete plantlets, so
they are also the most general target tissue foetgetransformation studies in orchids
(Liau et al., 2003; Sreeramanaet al., 2008). Moreover, PLB are well-differentiated
tissues that are sometimes regarded as orchid emliinat can develop two distinct
bipolar structures, namely the shoot and root resris. Thus, these structures are able
to convert into plantlets easily when grown on plgmowth regulator-free medium (Ng
and Saleh, 2011).

1.2 Micropropagation of Phalaenopsis

Phalaenopsis, commonly known as moth orchids, have long arching
sprays. This genus distributed throughout South&sist with a few species extending
from Taiwan, Sikkhim to Australia and the Pacifitepb, 1989). MosPhalaenopsis
grow on trees as epiphytes, but a few attach theesdo the surface of rocks as
lithophytes. In Thailand, the gend®halaenopsis comprises of 2-3 epiphytic orchid
species, such @halaenopsis cornu-cervi (Breda) Blume & Rchb. f. anBhalaenopsis
decumbens Holtt. This genus is a monopodial epiphytic orcblich is difficult to
propagate vegetatively (Kogt al., 2004) and naturally slowly growth.

Phalaenopsis, a member in the family Orchidaceae, is a popgggius in
horticultural and ornamental plants because ofsiiecessful production of beautiful
cultivars derived from interspecific, as well asengeneric hybridization witloritis
pulcherrima, achieved by conventional cross breeding durirg ldst few decades
(Shresthaet al., 2007). It is a very important commercial plamt both flowering-potted



plants and cut flower, which widely propagate tsstie culture technique (Tokuhara
and Mii, 1993). This technique can be used not dioly rapid and large-scale
propagation of the species but also é&rsitu conservation. Tissue culture has been
used widely for mass propagation of superior veasedf Phalaenopsis (Tokuhara and
Mii, 1993). Many protocols have been developed loge-scale propagations of a
number of orchid species (includin@ymbidium, Vanda, Phaphiopedilum and
Phalaenopsis) throughin vitro culture of various plant parts (Arditti and Erns993).

Protocols forPhalaenopsis in vitro micropropagation utilize flower stalk
buds (Arditti, 1977; Tanaka and Sakanishi, 1978kub@ara and Mii, 1993; Tokuhara
and Mii, 2001; Kosiret al., 2004) entire shoots, shoot tips, stem nodesefBach,
1983), leaf tissues/segment (Tanaka and Sakadi@®Q); Parlet al., 2002b; Gowet al.,
2008, 2009) or root tips culture (Tanadtaal., 1976; Parlet al., 2003) were reported.
Unfortunately, these methods are very difficult andfficient. Propagation through
protocorms derived from seedling proliferation &en studied by Yarat al. (1991)
and Cheret al. (2000).

The conventionain vitro culture protocols had been developed in genus
Phalaenopsis and usually for the propagating purpose via pmtoclike body
formation, shoot multiplication and callus cultuf®anakaet al., 1975; Arditti and
Ernst, 1993; Tokuhara and Mii, 1993; Ernst, 1998eiCand Piluek, 1995; Duanal.,
1996; Ishiiet al., 1998; Islam and Ichihashi, 1999; Chenal., 2000; Younget al.,
2000; Tokuhara and Mii, 2001; Pagk al., 2002a). Recently, regeneration systems
through direct somatic embryogenesis had been oleeélusing leaf explants (Kued
al., 2005; Chen and Chang, 2006; Chen and Chang).2004ddition, the requirements
of growth regulators for inducing direct embryorf@tion were established (Gatval .,
2008). However, further investigations on cultuomdition, medium composition and
physiological status are needed to optimize théopad for practical use in regenerating
transgenic plants or mass propagation in this drchi

The protocorm is a structure unique to orchidsluiog Phalaenopsis.
It is the earliest structure formed during embryevaelopment during orchid seed
germination (Ishiiet al., 1998). Proliferation of protocorms and protocdike bodies
(PLB) is often the only means of increasing the benof orchids, which produce few
seeds or may not germinate well. In an effort tvaéase and/or accelerate proliferation,



propagators have resorted to media which contaip kigh hormone levels (Arditti,
1977). Vajrabhaya (1997) reported that some mediataming hormones may
accelerate the rate of increase, but they can laisg about undesirable mutations.
These undesirable side effects may be reducedmimated through the use of media,
which induce proliferation of protocorms or PLB brdntain low concentrations of
hormones (Guet al., 1987) or by using hormone-free media supplententégh
complex additives. Based on research by previoussiigators we determined the
optimal conditions required foPhlaenopsis in vitro culture and micropropagation.
Thus, it is found that medium choice, concentratiohmineral nutrients (Hinnegt al.,
1989; Tokuhara and Mii, 1993; Kot al., 2004), addition of complex additives, such
as banana homogenate (Yatral., 1991) and coconut water (Yaghal., 1991, Ishiiet
al., 1998), explant source (Ishat al., 1998), maturity (Chemt al., 2000), and size
(Parket al., 2002b) profoundly affect the success culturegdores.

1.3 Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f. (2n=2x=38) is a
monopodial orchid (Figure 1) which is difficult tpropagate vegetatively. Mass
propagation of this species is limited. Tissue welttechniques using shoot tips and
axillary buds as explants are used widely in conemakrorchid micropropagation.
However,Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f. has short stenrsvitro
culture using shoot tips may lead to the loss ef iiother plant. Many authors have
developed large-scale propagations through vamop$ants of orchid species, such as
shoot tips (Martin and Madassery, 2006), leaf seds@arket al., 2002b; Tengt al.,
2004; Sheelavanthmattt al., 2005) and root tips (Part al., 2003). Unfortunately,
these methods are very difficult to propag&®balaenopsis. Another problem
encountered long time required for growth and mltation of PLB duringin vitro
culture ofPhalaenopsis.

Tissue culture method acts as the powerful appréagbropagate the
number of plants. Micropropagation was differentoam plant species, types of
explants and culture media. The source of carbamliture medium is a very important
component for proliferation of protocorm-like bosli€PLB) in many orchids (Sopalun

et al., 2010). Commonly used of carbon source is sucgiseose or fructose. Reports



from several laboratories emphasize the importaridhe source and concentration of
sugars on the promotion @f vitro orchid seed germination, as well as plant growth
(Ernest, 1967). However, browning of the PLB Rfcornu-cervi (Breda) Blume &
Rchb. f. is a problem during PLB development. Brownis the result from the
accumulation of phenolic compounds that causes dbsgrowth capacity and tissue
death during culture. To solve these problemsyaietd charcoal (AC) is widely used in
culture medium. AC has a very fine network of poneth large inner surface area on
which many substances can be adsorbed. AC is ofted in tissue culture to improve
cell growth and development (Pan and van Stade®8)19t plays a critical role in
orchid seed germination @ypripedium flavum (Yan et al., 2006). The addition of AC
to both liquid and semi-solid media is a recognipeattice and its influence in growth
and development may be attributed mainly to the@rgad®n of inhibitory compounds in
the culture medium and substancially decreasing ttxc metabolites, phenolic
exudation and brown exudates accumulation (Fridboaty, 1978).

Thus, in this study, we describe an efficient irtcuc of PLB from
starting explants oP. cornu-cervi (Breda) Blume & Rchb.f. and reduce the time
required for the growth and multiplication of PLB order to mass propagation of this
species and aimed to find out appropriate cultueglienfor multiplication of plantlets
from asymbiotic culture of seeds®fcornu-cervi (Breda) Blume & Rchb. f.

1.4 Effects of natural additiveson orchid tissue culture

A large number of complex additives like peptorarat juice, tomato
juice, beef extract, potato extract, coconut wg@w) and banana extract (BE) are
commonly added to culture media for orchid tissuktuce. Beneficial effects of those
organic additives added to medium on seedling drowgve been reported in many
orchid species likedranda Deborah (Goh and Wong, 1990J, coerulea (Seeni and
Latha, 2000),V. spathulata (Decruseet al., 2003), Dendrobium tosaense (Lo et al.,
2004), Paphiopedilum orchid (Ng and Saleh, 2011Renanthera Tom Thumb ‘Qilin’
(Wu etal., 2012).

As early as 1954, Steward and Simmonds reportedsthizstances that
stimulate cell divisions in carrot cells are prdsenin the formative layers of banana
fruit, and that alcoholic extracts of receptive wes were about 38% as effective as



whole coconut milk. Banana pulp is a rich sourcenafiural cytokininsavhich inhibit
culture initiation but promotes differentiation amgowth of shoots at later stages
(Withner, 1974; Arditti and Ernst, 1993). Substanoé natural cytokinins, as well as
auxins and gibberellins (Khalifah, 1966a, b) haweerb found in banana fruits.
Promotory effect of BE on increase in number anowiin of seedling roots was
observed inCattleya aurantiaca (Arditti, 1968) andD. tosaense (Lo et al., 2004)
seedling growth. Vyaet al. (2009) have reported significantly increase imemaumber
of roots per shoot, as well as length of root®endrobium lituiflorum Lindl. on KC
medium supplemented with BE.

Coconut water is a complex additive which contaamsny nutritional
and/or hormonal substances (Dix and Van Staden2)198 has a marked growth
promoting effect on a variety of plant tissuescdh incorporate in culture medath
no loss of activity as a result of autoclaving or éxposure to ordinary laboratory
conditions for limited periods of time (Mauneyal., 1952). It is commonly added to
culture media to stimulate callus or protocorm fation and the range usually used is
10-25% (v/v). The promotory effect with regard tamnmphogenesis is related to its
growth regulator content specially cytokinins (Laatn 1974; Van Staden and Drewes,
1975). Goh and Wong (1990) achieved PLB formationndlorescence tip explants of
the monopodial orchid hybridranda ‘Deborah’ using CW and BAP supplemented KC
medium. Lakshmanaet al. (1995) reported the formation of PLB from thirctsens of
shoot tips ofAranda Deborah on treatment with CW (5-25%, v/v). CW aistreased
the rate of survival of thin section explants. Bteempt to replace CW with BAP and
sugar by the same workers altered the course dlaj@wment from PLB formation to

callus production which implies that CW plays aulegpry role in PLB differentiation.

1.5 Automation of orchid mass propagation

One of the recent advances in the field of plassue culture is the
culture of cells, somatic embryos, organogenetiopagules like bulblets, corms,
microtubers or shoots in liquid suspension in kacters. The use of bioreactors for
micropropagation helps in scaling-up of producionl decreases the cost of production
(Park et al., 2000). Aitken-Christieet al. (1995) suggested the possibility of mass

production of protocorms in bioreactors.



An immensely useful technique for rapid mass prtidnoof orchid PLB
from leaf segments was reported by Petrlal. (2000). They established a protocol for
multiplication of Phalaenopsis hybrid PLB formed on leaf segments in a bioreaatat
further conversion of the PLB into plantlets. Abd&,000 PLB were harvested from 20
g of inoculum in 2-litre Hyponex medium in a temakyr immersion culture with
attached charcoal filter after eight weeks of inattan. This protocol can be used for
other orchids also with little modification therefducing the space, labour and cost of
mass propagation of orchids. Mass proliferatiof?bB of Doritaenopsis induced from
lateral buds on flower stalks in liquid medium mair-driven periodic immersion (API)
bioreactor was reported by Ligt al. (2001). Wuet al. (2007) formulated a simple
protocol forin vitro mass propagation @énoectochilus formosanus using an automated
low cost bioreactor system by a two-step cultuteodd tips were cultured in 3-litre
balloon type bioreactor (BTBB) with an aeration woke of 0.006 vwm and then
transferred to 3-litre BTBB containing a 0.75-litdyponex medium with 2 g/l peptone
and 0.5 g/l activated charcoal for shoot elongaama rooting. Mass production of
orchid plantlets using bioreactors is very benafitor orchids likeAnoectochilus which
have secondary metabolites with medicinal propedied commonly collected from the

wild by both common man and pharmaceutical comanie

1.6 Problemsin orchid micropropagation

Though orchid micropropagation has shown spectacdaelopment in
the recent years, the wide spread use of microgedfmm is believed to be still
handicapped due to some major problems that hase lighlighted below.

A problem usually encountered when dealing withlaxis isolated from
mature plants is the release of exudates into te@ium. Orchid cells in tissue culture
exude a large quantity of phenolic compounds tlettome toxic to the cells when
oxidized. Quick transfer of the explants to fresbdm is often recommended to avoid
possible inhibitory effects of exudates (Comptord dPreece, 1986). Addition of
activated charcoal and ascorbic acid to the meaiamovercome the inhibitory effects
of phenolic compounds released into the medium lzenee been generally used in
culture media of some orchids, e.B imschootiana (Seeni and Latha, 1992),
V. coerulea (Seeni and Latha, 2000). Activated charcoal setamadsorb the toxic



substances that may form in culture medium asuwtresautoclaving or be released by
the explants. It may also stimulate rooting by absg the toxins and excluding light

from the medium (Paek and Murthy, 1977). Eynefiral. (2000) reported that the

addition of AC in culture medium increased and rtaired pH levels during culturing,

increased the nitrogen uptake and improved growth\asual aspects of the explants
and reduced the inhibitory effect of exogenous kiyiia on root growth. However, AC

is likely to interfere with other additives as wellscorbic acid (vitamin C) has been
also reported to inhibit or prevent the exudatiémpleenols as well (Arditti and Ernst,

1993).

It was found that TDZ (the adenine-type cytokinitke BAP) is more
effective than other cytokinins in inducing shoaidbdifferentiation from various
explants (Ernst, 1994; Nayakal., 1997a, b). However, the drawback of using TDZ in
regeneration studies includes difficulty in elongatand rooting of regenerated shoots.
This may be due to the high cytokinin activity goersistence of TDZ in the tissue
compared to other adenine-type cytokinins (Huettearad Preece, 1993). Nayeikal.
(1997a, b) overcame the problem of shoot elongatioAcampe praemorsa (Roxb.)
Blatter and McCann.Cymbidium aloifolium (L.) Sw., Dendrobium aphyllum (Roxb.)
Fisch. andDendrobium moschatum (Buch.-Ham.) by incorporating an auxin (NAA) at
lower concentrations along with TDZ or by trangfggrthe shoot clumps to a medium
containing different phytohormones (BAP and NAA).

Transplantation stage continues to be a major etk in the
micropropagation of many orchids. A substantial bamof micropropagated plants do
not survive after transferring fromin vitro conditions to greenhouse or field
environment. The greenhouse and field have sulsiigntower relative humidity,
higher light level that is stressful to microproptel plants compared ftm vitro
conditions. The benefit of any micropropagationteys can, however, only is fully
realized by the successful transfer of plantleisnftissue culture vessels to the ambient
conditions foundex vitro (Hazarika, 2003). Acclimatization of most micropagated
plants can be hastened byvitro hardening of plantlets or after transplantatiodam
decreasing the transpiration rate by applying &atispirants including ABA or by
increasing photosynthetic rate and elevated, €Gncentration (Pospisilovat al.,
1999). Development of photosynthetic capacity isyveportant forin vitro plantlets



and was shown to be improved by altering their mmvnental growth conditions, such
as increasing light intensity, humidity, air termguere or CQ@ concentration in
Doritaenopsis (Jeonet al., 2005). They reported that leaves of high ligitwn plants
showed higher increase in wax formation than thatlaw light intensity. A good
growing culture medium has some properties, suchasmum water holding capacity,
porosity and drainage which is essential for prgpewth and development af vitro-
raised seedlings of orchids. The survival percentagd growth performance of the
seedlings in potting substrate consisting of brickarcoal at the ratio of 2 : 1 mulched
with moss §hagnum sp.) were found to be higher (80% survival) thiaat tgrown in
potting substrate consisting of brick : charcotke fern in the ratio 2 : 1 :1. Mulching
of the planting medium with moss increases the wataining capacity of the medium
(Kishor et al., 2006). Francet al. (2007) evaluated the effect of ten substratesieso
organics (pine bark, coconut fibre and wood shas)ingome inerts (polystyrene foam),
vegetable coal and their combinations on morphameind phenotypic traits in the
hardening phase ah vitro grown plantlets oCattleya trianae. Coconut fiber alone or
mix in equal parts with pine bark and coal was mhest efficient substrate with the
highest survival rates. Hardened plants displayledracteristics like vigour, waxy
texture and dark green leaves and velamen formatitire roots.

Long-term benefits of micropropagation, lies in tpeoduction of
clonally uniform plants and hence somaclonal vemmthas to be discarded or
minimized (Vijay Rani and Raina, 2000). High contcations of plant growth
regulators and long periods adilture are thought to be the main causes of vanah
plants culturedin vitro (George and Sherrington, 1984). Chetnal. (1998) have
reported considerable somaclonal variations in éoworphology, including colour
and shape, occur Phalaenopsis True Lady “B79-19” regenerants derived from tiss
culture using molecular marker, random amplifiedypwrphic DNA (RAPD). In
addition, biochemical traits, such as isozymes otafp in the identification of
somaclonal variations as a complement to monitonmagphological traits. Although
the exact cause of mutations occurring in tissutened plants is not clearly known, the
available evidence indicates that the use of pretiag meristems (apical or axillary) as

explant tissues, which minimize the requiremengrmafwth regulators to induce growth
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and development, may help to maintain clonal stghilf plants derivedn vitro to a
great extent (Prakashal., 1996).

1.7 Cryopreservation of orchids

Due to difficult to propagate vegetatively, massopgagation of
Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f. is limited. At preseim,vivo field
preservation is a major drain on time, manpower spate besides considerable risk of
loss due to disease and environmental stress. Gatiee of its germplasm through
tissue culture requires frequent maintenance. Reguibcultures also increase the risk
of tissue loss due to adverse culture conditionsl @omaclonal variation
(Khoddamzadetet al., 2010; Wattet al., 2009; Goncalvest al., 2010). To alleviate
problems associated with culture maintenance, cegmpvation technique has been
developed for the long-term conservation of sevexaluable germplasms.
Cryopreservation offers long-term storage capabihigh genetic stability along with
minimal storage space, safety, repeatability anel toaintenance requirements of
germplasm (Engelmann, 1997; Pacheical., 2009; Hazubska-Przbsgt al., 2010).

Various approaches of cryopreservation, such agification,
encapsulation-dehydration, encapsulation-vitrifmat and air-drying have been
developed and used with varying degrees of suctegseserve diverse species of
plants (Xueet al., 2008; Hazubska-Przybsgt al., 2010; Hua and Rong, 2010; Peng-Fei
et al., 2012; Mohantyet al., 2012). Among of these cryopreservation procesjuttee
encapsulation-dehydration technique is easy to |lbarehd avoids the use of an
expensive programmable freezer and the toxic efféaryoprotectants, such as plant
vitrification solution (PVS) (Tsagt al., 2009). Cryopreservation of seeds, shoot tips,
protocorms and protocorm-like bodies (PLB) of mamghids has been successfully
attempted for short and long-term conservation. elew, vitrification and air-drying
methods have resulted in both low and slow ratesegfowth of plantlets in case of
orchids (Bianet al., 2002); whereas, encapsulation-dehydration arzhp=ulation-
vitrification are comparatively more appropriate thwels for orchid cryopreservation
with higher success rate (Yin and Hong, 2009; Subraamet al., 2011).Encapsulated
or artificial seeds have been reported as havingaradges over non-encapsulated

explants (Dagt al., 2011) hence they have wider applications fongasm storage in
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cryopreservation studies. Though encapsulationfigdtion and encapsulation-
dehydration are the most widely applicable methofdgermplasm storage (Hirai and
Sakai, 1999), Khoddamzadeh al., (2011) reported that these methods can be used
mainly for cryopreservation of shoot-tips and ofdw PLB (small vegetative parts of
orchids that develop into whole plants). Limitedmher of studies has been reported on
cryopreservation of protocorms and PLB @&fendrobium (Chen et al., 2001,
Lurswijidjarus and Thammasiri, 2004; Pornchuti atémmasiri, 2008; Yin and Hong,
2009; Anthonyet al., 2010; Pouzet al., 2011; Subramaniaset al., 2011). There are no
reports on the cryopreservation of protocorms oB Rif Phalaenopsis cornu-cervi
(Breda) Blume & Rchb. f. using encapsulation-dehtidn and encapsulation-
vitrification method.

1.8 Artificial seed production

Establishment of gene banks xrsitu conservation of plant germplasm
in the form of field gene bank, seed gene banksijtro collection, and cryogenically
preserved tissues is a common practice (Wither83;1®ao, 2004; Borner, 2006).
Alginate encapsulation provides a viable approachrfvitro germplasm conservation
as it combines the advantages of clonal multipbcatvith those of seed propagation
and storage (Standardi and Piccioni, 1998;éa., 2000).

Synthetic seed production technology via alginateapsulation is
presently considered as an efficient choice fohhmbpagation and short-term to mid-
term storage, in a number of commercially importachids (Corrie and Tandon, 1993;
Saiprasad and Polisetty, 2003; Mohamtagl., 2009). This system provides a low-cost,
high-volume propagation (Saiprasad and Polise@932 Other advantages of synthetic
seeds include: easy handling all through storagk teansportation, storage potential
without any loss in viability and also upholding dbnal property of the regenerating
plantlets (Ghosh and Sen, 1994; Germahal., 2011). Notably, alginate coat of
encapsulated explants shield plant tissues fronmsipaly and environmental injury,
reduces dehydration, and offers mechanical pressumgrip the explants inside gel
matrix during storage (Areet al., 2000). The use of PLB for synthetic seeds
development in orchids has been proven to be thet raflicient (Saiprasad and
Polisetty, 2003) over other organs due to its dapeegenerative character. In this
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perspective, the intervention of synthetic seedrietogy could be handy for the
exchange of germplasm of this elite hybrid betwkdroratories and flowering-potted
plant industries because of the miniature bead &k due to easy handling of these
structures. Throughout the past years, substamffdrts have been made for
propagation and storage of PLB via encapsulatiorafaumber of commercial orchid
hybrids, such adendrobium ‘Sonia’, Oncidium ‘Gower Ramsay' (Saiprasad and
Polisetty, 2003) and orchid speci€gmbidium giganteum Wall. (Corrie and Tandon,
1993), Cattleya leopoldii (Saiprasad and Polisetty, 2008pelogyne breviscapa Lindl.
(Mohanrajet al., 2009),Aranda Wan Chark Kuan ‘Blue’ XWanda coerulea Grifft. ex.
Lindl. (Gantaitet al., 2012).

In view of the importance dPhalaenopsis cornu-cervi (Breda) Blume &
Rchb. f. and the advantages of the synthetic segthblogy, the present research was
intended to develop a competent protocol for syittseed production iRhalaenopsis
cornu-cervi (Breda) Blume & Rchb. f., storage and consequésmtpregeneration in
order to facilitate distribution of propagation m@l, as well as, exchange of
germplasm material. Consequently, the influencelifi€rent storage temperature and

duration on germination and conversion of the ckgsswas assessed.

1.9 Resear ch objectives

1) To develop protocols foP. cornu-cervi (Breda) Blume & Rchb. f. micro-
propagationn vitro.

2) To study the techniques of cryopreservation methmussurvival rate of
cryopreserved protocorm and PLB.

3) To study the effects of different storage tempeestuand time on
germination of encapsulated PLB &f cornu-cervi (Breda) Blume &
Rchb. f.



Figure 1. Characteristics 8halaenopsis cornu-cervi (Breda) Blume & Rchb. f.
(Bar=1 cm)
A, B: Five and one-year-old plant Bf cornu-cervi (Breda) Blume &

Rchb. f., respectively.
C:  Animmature pod dP. cornu-cervi (Breda) Blume & Rchb. f. (6 MAP).
D:  Flowers ofP. cornu-cervi (Breda) Blume & Rchb. f.



CHAPTER 2

MATERIALSAND METHODS

2.1 Micropropagation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

2.1.1 Seed germination, protocorm formation andtadevelopment.

Immature pods oP. cornu-cervi (Breda)Blume & Rchb. f. were
collected at 6 months after pollination (MAP). Egutd was cleaned by washing with
running tap water for a few minutes, subsequerddkisg in 95% ethanol and flaming
for a few seconds. The pods were longitudinallyiotd half on a sterile Petri dish. The
seeds were aseptically sown on Murashige and Sk@d§, 1962) medium
supplemented with 15% (v/v) coconut water (CW) idew to induce protocorms from
seed germination. The cultures were incubated fmio8ths at 25+1°C under a 16 hour
photoperiod with light supplied by cool-white flescent lamps at an intensity of 60
pumol ni? st photosynthetic photon flux density (PPFD). Aftem®nths of culture,
small plantlets were subcultured to MS medium seqmeinted with 15% (v/v) coconut
water (CW) and 0.2% (w/v) activated charcoal (ADgvelopments of plantlets from

seeds were investigated.

2.1.2 Study on the effects of culture media on ¢gnowand PLB
induction from protocormm vitro.

Protocorms derived from seeds germinated for 49sday
experiment 2.1.1 were cultured in three culture iaedlS liquid medium, Vacin and
Went (VW, 1949) liquid medium and New Dogashima (NI®93) liquid medium
(Tokuhara and Mii, 1993) either with or without 158v) coconut water (CW)The
pH of MS, VW and ND liquid medium were adjustedstd@, 5.0 and 5.2, respectively
with 1 N KOH or 1 N HCI prior to autoclaving for Ifhinutes at 121°C. The cultures
were incubated at 25+1°C under 60 umof s for 16 hour photoperiod. After 2
months of culture, growth and development of PLB alh culture media were
investigated and statistically compared among celltoedia.
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2.1.3 Study on the effects of ascorbic acid anducelmedia on PLB

induction from bisected and protocormsiitro.

Bisected protocorms and protocorms at Growth Ind€®83)
(Arditti and Heaky, 1979) were cultured in ND or VIWiguid medium supplemented
with ascorbic acid at various concentrations. Aliure media supplemented with 15%
(v/v) coconut water (CW). The pH of both culturedizewas adjusted to 5.2 and 5.0,
respectively with 1 N KOH or 1 N HCI prior to autaging for 15 minutes at 121°C.
The cultures were incubated at 25+1°C under 60 mfos* for 16 hour photoperiod.
After 3 weeks of culture, percentage of PLB formatinumber of PLB per explant and
fresh weight (g) of PLB in all culture media wereveéstigated and statistically

compared.

2.1.4 Study on the effects of starting explants &@Rs on PLB
formation.

Immature pods oP. cornu-cervi (Breda)Blume & Rchb. f. were
collected at 6 MAP and aseptically growniimvitro conditions in the same method as
described in experiment 2.1.1. After 2 to 3 morhsulture, germinated protocorms at
GI3 (Arditti and Heaky, 1979) and cluster of twafeseedlings were obtained. Four
starting explants; protocorms, bisected protocowhsch were longitudinal cut into
half, wounded protocorms which were prepared bydrsrafing of the protocorms with
a sharp razor blade, and leaf segments were ussdréing explants for proliferation of
PLB.

The basal medium used in this study was half-streht§ (%2 MS)
medium supplemented with 2%w/v) sucrose and different concentrations oof
naphthalene acetic acid (NAA) (0, 0.1 and 1.0 mgfidiazuron (TDZ)0, 0.1, 1.0 and
3.0 mg/l)and benzyladenine (BAP.1, 1.0, 3.0 and 10.0 mg/l) and 1%%4v) coconut
water (CW). These PGRs were used alone or in catibm and added prior to
autoclaving. The culture media were solidified wWitii5% (w/v) agar-agar (commercial
grade). The pH of the media was adjusted to 5.8 WiN KOH or 1 N HCI prior to
autoclaving for 15 minutes at 121°C. All types &pkants were placed on the surfaces
of %2 MS medium and maintained at 25+1 iQder a 16 hour photoperiod with light
supplied by cool-white fluorescent lamps at anristy of 10 umol rif s* PPFD.



16

The percentage of PLB formation and the mean numwiLB per explant were scored

and compared statistically after 45 days of culture

2.1.5 Study on the effects of culture media, cotre¢ions of sucrose
and activated charcoal on plantlet growth.

Six-month-old green pods obtained from self-potima were
collected from 5-year-old plants &f cornu-cervi (Breda)Blume &Rchb. f. The seeds
were aseptically sown on MS medium with 3%/v) sucrose and 0.75% (w/v) agar-
agar (commercial grade) in bottles, each contairdbgml of culture medium. This
medium was supplemented with 15% (weaconut water (CW) to induce protocorms.
All cultures were maintained at 25+1U@der a 16 hour photoperiod with cool-white

fluorescent lamps at an intensity of 10 umof 8t PPFD After 2 to 3 months of

culture, these seeds germinated into protocorr@3a(Arditti and Heaky, 1979) (about
5 mm-long). These wounded protocorm segments wherle prepared by hand strafing
of the protocorms with a sharp razor blade weretucedl on Y2 MS medium
supplemented with 0.1 mg/l NAA and 0.1 mg/l TDZ faduction of PLB. The PLB
were excised and transferred to ND medium or MSiamedgupplemented with 0, 2, 3
or 4% (w/v) sucrose with or without 0.2% (w/v) aetied charcoal (AC) for plantlet
regeneration. All culture media were supplementét W5% (v/v) coconut water. The
culture medium was solidified with 0.70% (w/v) agayar (commercial grade). The pH
of the ND and MS medium were adjusted to 5.2 afdrgspectively with 1 N KOH or
1 N HCI prior to autoclaving for 15 minutes at 121 All types of explants were placed
on the surfaces of these media and the cultures meaintained at 25+1°C under a 16
hour photoperiod of cool-white fluorescent lampsaatintensity of 10 pmol s*
PPFED.

The survival percentage [ (number of survival dietstnumber of
total PLB inoculated) x 100], fresh weight, plahtleeight, number of leaves per
plantlet, leaf length, leaf width, number of roqisr plantlet and root length were
recorded and statistically compared after 5 monthsculture using completely

randomized design (CRD). Analysis of variance amthdri s multiple range test were

used for comparison among treatment means. At teastity cultures were raised for

each treatment and all experiments were repeatedirives.
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After 6 months of culture, the plantlets with 2 dam height
consisted of 5-6 leaves and 4-6 roots were remdnoed bottles. Plantlets were rinsed
thoroughly with tap water to remove residual nuitseand agar from the plant tissue.
The plantlets were then transplanted to pots. Téedls\gs were grown in the
greenhouse with about 60% shading and 80% relatinaidity. The young plants were
sprayed with water twice a day. The survival raéswecorded after 2 months of culture
in the greenhouse.

2.1.6 Study on ploidy instability analysis usingwil cytometry (FCM).

To analyze their ploidy stability of complete pliat$ of P. cornu-
cervi (Breda) Blume & Rchb. f. derived from wounded pimirms which were cultured
on half-strength MS medium (Murashige and Skoo§2)%upplemented with different
concentrations of PGRs. Approximately 0.5%cof four months young leaves of
plantlets from control plants or treated plantsevaut and placed in a 90-mm Petri dish.
These leaves pieces were soaked with 1 ml of aaatdn buffer (50 mol/L Tris-HCI,
0.5% polyvinylpyrrolidone, 0.01% Triton-X, 0.63% diom sulfite, pH 7.5) for 5
minutes and chopped with a sharp razor blade. Afteing leaf tissue and buffer
together it was filtered through 50-pum nylon meBhe nuclear suspension was stained
with 100 pl of 0.1% propidium iodide (PI) solutiamd incubated for at least 5 minutes
at room temperature. The fluorescent intensitiesawh sample were measured by an
EPICS XL, equipped with a 488 nm argon laser withorag path filter (Beckman
Coulter, Tokyo, Japan) according to Ishigetkal. (2009).

2.1.7 Plant regeneration and transfer to the gi@meseh
After 6 months of culture, the plantlets with 2 dam height
consisted of 5-6 leaves and 4-6 roots were remdnoed bottles. Plantlets were rinsed
thoroughly with tap water to remove residual nuitseand agar from the plant tissue.
The plantlets were then transplanted to pots. Téedls\gs were grown in the
greenhouse with about 60% shading and 80% relatineidity. The young plants were
sprayed with water twice a day. The survival raéeswecorded after 2 months of culture

in the greenhouse.
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2.1.8 Experimental Design and Data Analysis.
Experiments were performed in a complete randomizesign
(CRD). The data were analyzed by ANOVA using SP8&ien 11.5 and the mean
values were separated using Duncan’s multiple raesfe(DMRT) at a 5% probability

level.

2.2 Cryopreservation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

2.2.1 Study on the effects of cryopreservation wdshand ages of
protocorm on survival rate of cryopreserved protot

2.2.1.1 Plant materials.

Six-month-old green pods obtained from self-potima were
collected from 5-year-old plants & cornu-cervi (Breda)Blume & Rchb. f. Each pod
was cleaned by washing with running tap water fgva minutes, subsequently soaked
in 95% ethanol and flamed. The pods were longitaltircut into half on a sterile Petri-
dish and the seeds were aseptically sown on thacguof MS (Murashige and Skoog,
1962) medium supplemented with 3% (w/v) sucrosép 1%/v) coconut water (CW)
and 0.75% (w/v) agar-agar (commercial grade) inlédmteach containing 25 ml of the
medium. All cultures were maintained at 25+1°C undel6 hour photoperiod with
light supplied by cool-white fluorescent lamps at tensity of 10 umol i s*
photosynthetic photon flux density (PPFD). Afterd&®s and 2 months of culture, the
seeds germinated into protocorms. These protocaens used for cryopreservation.

2.2.1.2 Cryopreservation methods.

1) Directly plunged into liquid nitrogen (LN).

Protocorms derived from 49 days (1-2 mm protocorms
size) and 2months of culture (3-4 mm protocorms size) werecgdain a 2.0 ml
cryotube, then directly plunged into LN for 1 daythe dark. The cryotubes were taken
out of LN tank and rapidly warmed in a water bath38+2°C for 2 minutes.
Cryopreserved protocorms were cultured on regromgdium which was ND medium
with 4.0% (w/v) sucrose, 0.7% (w/v) agar, 15% (vé@conut water (CW) and 0.2%
(w/v) activated charcoal (AC) and kept in the déok 1 week. Cultures were again
transferred to fresh regrowth medium and maintained5+1°C under a 16 hour
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photoperiod with light supplied by cool-white flgscent lamps at an intensity of
10 umol n¥ s* PPFD. For control, non-frozen protocorms wereurali on regrowth
medium for plantlet regeneration.

2) Encapsulation-vitrification method.

Protocorms derived from 49 days (1-2 mm protocorms
size) and 2Znonths of culture (3-4 mm protocorms size) werecel and encapsulated
in an alginate matrix composed of 3% (w/v) Na-ad@plus 0.4 M sucrose in ND
liquid medium, adjusted to pH 5.2. Drops of thituton were dispensed with a pipette
into 100 mM Cadl solution supplemented with 0.4 M sucrose, and k&ap80 minutes
at 25+1°C. Encapsulated protocorms (about 6-7 mrdiameter) were then removed
from the solution and washed in sterile distilledter for 3 times. Encapsulated
protocorms were then precultured in ND liquid medisupplemented with 0.3 M
sucrose for 3 days on a rotary shaker at 110 r@B®1(Z). Encapsulated protocorms
were rapidly surface-dried by plating them on ailsted filter paper and loaded in a
loading solution (2.0 M glycerol and 0.4 M sucro$a) 60 minutes at 25+1°C, then
dehydrated with PVS2 solution [30% (w/v) glycerb§% (w/v) ethylene glycol, and
15% (w/v) dimethyl sulfoxide (DMSO) and 0.4 M suseoin ND liquid medium] at
either 25+1°C or 0°C for 60 minutes.

10 beads of encapsulated protocorms were placad?i@
ml cryotube, then directly plunged into LN for lydia the dark. The cryotubes were
taken out of LN tank and rapidly warmed in a wddath at 38+2°C for 2 minutes. After
thawing, the PVS2 was replaced with 0.5 ml of 1.2 sMcrose in ND solution
(unloading solution) and kept at 25+1°C for 20 nmé@suprior to culture on regrowth
medium and kept in the dark for 1 week. The cuurere then transferred to fresh
regrowth medium and maintained at 25+1°C under &dfir photoperiod with light
supplied by cool-white fluorescent lamps at anristyy of 10 pmol rif s* PPFD. For
control, encapsulated protocorms were dehydratéld RVS2 at either 25+1°C or 0°C
for 60 minutes, and then cultured directly on reglomedium for plantlet regeneration.

3) Encapsulation-dehydration method.

Protocorms derived from 49 days (1-2 mm protocorms
size) and 2Znonths of culture (3-4 mm protocorms size) werecel and encapsulated
in an alginate matrix composed of 3% (w/v) Na-ad@plus 0.4 M sucrose in ND
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liquid medium, adjusted to pH 5.2. Drops of thituton were dispensed with a pipette
into 100 mM Cadl solution supplemented with 0.4 M sucrose, and k&ap80 minutes
at 25+1°C. Encapsulated protocorms (about 6-7 mrdiameter) were then removed
from the solution and washed in sterile distilledter for 3 times. Beads were then
precultured in ND liquid medium supplemented with ®1 sucrose for 2 days on a
rotary shaker at 110 rpm (25+£1°C). Subsequentlgapsulated protocorms were placed
on a sterile filter paper laid in open Petri-dist{@scm in diameter) and exposed to
sterile air-flow at 80 ft/min from the laminar dlow cabinet at 25+1°C for 5 hours.
After dehydration, 10 dried beads were placed i8.@ ml cryotube, then directly
plunged into LN for 1 day in the dark. The cryotsilveere taken out of LN tank and
rapidly thawed in a water bath at 38+2°C for 2 nsu Cryopreserved protocorms
were cultured on regrowth medium and kept in thdx dar 1 week. The cultures were
then transferred to fresh regrowth medium and raaietl at 25+1°C under a 16 hour
photoperiod with light supplied by cool-white flescent lamps at an intensity of 10
pumol m? s PPFD. For control, dehydrated beads by the aboweepures were
cultured directly on regrowth medium for plantlegeneration.

2.2.1.3 Regrowth rate.

After 2 months of culture, regrowth rate was catedl on the
basis of protocorms forming plantlets from totaimher of encapsulated protocorms.

2.2.1.4 Morphological study.

The plantlets with well-developed shoots and rowése selected
and rinsed thoroughly with tap water to removedesi nutrients and agar from the
plant tissue. The plantlets were transferred tstmabasket containing foams for 1
month and then transplanted to pots containing gmita moss. The plantlets were
grown in the greenhouse, with about 60% shading &t relative humidity. The
young plants were sprayed with water twice a ddterA, 3 and 6 months of culture in
the greenhouse, the survival rate, plantlet heightt length, number of roots and
leaves/plantlet were recorded.

2.2.1.5 Ploidy stability analysis using flow cytomye

To analyze their ploidy stability, 6-month-old pikets developed

from non-cryopreserved and cryopreserved protocavere collected and subjected to
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FCM analysis according to the method describedshigékiet al. (2009). Nuclei were
analyzed in the same way as described in 2.1.6.

2.2.2 Study on the effects of dehydration time amvisal rate of
cryopreserved encapsulated PLB.

2.2.2.1 Plant materials.

PLB derived from one protocorm developed from oeedson %2
MS medium supplemented with 0.1 mg/l NAA in combioa with 0.1 mg/l TDZ and
3% sucrose, pH at 5.7 were used as plant mat&udtures were maintained at 25+1°C
under a 16 hour photoperiod with light supplieddopl-white fluorescent lamps at an
intensity of 10 pmol M s* PPFD for 2 months. PLB reaching diameter of 0.5vzas
used for the following experiments.

2.2.2.2 Encapsulation-dehydration method.

PLB were selected and encapsulated in an alginadrixm
composed of 3% (w/viNa-alginate plus 0.4 M sucrose in ND liquid mediadjusted
to pH 5.2. Drops of this solution were dispensethvei pipette into 100 mM Cagl
solution supplemented with 0.4 M sucrose, and Kept30 minutes at 25+1°C.
Encapsulated PLB (about 6-7 mm in diameter) weea ttemoved from the solution
and washed in sterile distilled water for 3 timesl ghen were blotted dried with sterile
filter paper. For osmotic desiccation, encapsul&eB8 were placed on a sterile filter
paper laid in open Petri-dishes (9 cm in diamedad then exposed to sterile air-flow at
80 ft/min from the laminar air-flow cabinet at 25€1for 0-7 hours. After dehydration,
10 dried beads were placed in a 2.0 ml cryotules threctly plunged into LN for 1 day
in the dark. The cryotubes were taken out of LNktand rapidly warmed in a water
bath at 38+2°C for 2 minutes. Cryopreserved PLBenarltured on regrowth medium
and kept in the dark for 1 week. The cultures wben transferred to fresh regrowth
medium and maintained at 25£1°C under a 16 houtgpeoiod with light supplied by
cool-white fluorescent lamps at an intensity of jifiol m? s PPFD. For control,
dehydrated beads by the above procedures wergeanitirectly on regrowth medium

for plantlet regeneration.
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2.2.2.3 Water content determination.

Water content was determined for encapsulated RilBwing
dehydration in the laminar air-flow cabinet for Gk@urs. Dry weight of the beads was
measured after drying in the oven at 60°C for 1. ddye percentage of water content
was calculated on the basis of the fresh weight.

2.2.2.4 Regrowth rate.

After 2 months of culture, regrowth rate was caltedl on the
basis of PLB forming plantlets from encapsulate@PL

2.2.2.5 Morphological study.

The plantlets with well-developed shoots and raw¢se selected
and rinsed thoroughly with tap water to removedesi nutrients and agar from the
plant tissue. The plantlets were transferred tstmabasket containing foams for 1
month and then transplanted to pots containing gmiia moss. The plantlets were
grown in the greenhouse, with about 60% shading &% relative humidity. The
young plants were sprayed with water twice a ddter”, 3 and 6 months of culture in
the greenhouse, the survival rate, plantlet hergiat, length, number of roots and leaves
/plantlet were recorded.

2.2.2.6 Ploidy stability analysis using flow cytaimye

To analyze their ploidy stability, 6-month-old pleats developed
from non-cryopreserved and cryopreserved PLB weleated and subjected to FCM
analysis according to the method described by #tigt al. (2009). Nuclei were
analyzed in the same way as described in 2.1.6

2.2.3 Study on the effects of cold-hardening anbdydeation time on

survival rate of cryopreserved encapsulated PLB.

2.2.3.1 Plant materials.

PLB derived from one protocorm germinated from ceed on
% MS medium supplemented with 0.1 mg/l NAA in condtion with 0.1 mg/| TDZ
and 3%(w/v) sucrose, adjusted to pH 5.7 were used. Thieires were maintained at
25+1°C under a 16 hour photoperiod with light siggblby cool-white fluorescent
lamps at an intensity of 10 pmol‘s™® PPFD for 3.5 months. PLB reaching diameter of

0.5 cm was used for the following experiments.
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2.2.3.2 Encapsulation-dehydration method.

PLB were selected and encapsulated in an alginadrixm
composed of 3%w/v) Na-alginate plus 0.4 M sucrose in ND liquictdium, adjusted
to pH 5.2. Drops of this solution were dispensethvei pipette into 100 mM Cagl
solution supplemented with 0.4 M sucrose, and Kept30 minutes at 25+1°C.
Encapsulated PLB (about 6-7 mm in diameter) weea ttemoved from the solution
and washed in sterile distilled water for 3 timesl ghen were blotted dried with sterile
filter paper. Encapsulated PLB were then cold-haedefor 4 day at 8+1°C. For
osmotic desiccation, the cold-hardened encapsuRlt®&lwere placed on a sterile filter
paper laid in open Petri dishes (9 cm in diamedad then exposed to sterile air-flow at
80 ft/min from the laminar air-flow cabinet at 25€l1 for 0-210 minutes. After
dehydration, 10 dried beads were placed in a 2.6ryottube, then directly plunged into
LN for 1 day in the dark. The cryotubes were takahof LN tank and rapidly warmed
in a water bath at 38+2°C for 2 minutes. CryopresgPLB were cultured on regrowth
medium and kept in the dark for 1 week. The cufiunere then transferred to fresh
regrowth medium and maintained at 25+1°C under &dfir photoperiod with light
supplied by cool-white fluorescent lamps at anrisiy of 10 pmol rif s* PPFD. For
control, cold-hardened and dehydrated beads welired directly on regrowth
medium for plantlet regeneration. Ten beads weesl der each treatment with three
replicates.

2.2.3.3 Water content determination.

Water content was determined for encapsulated RilBwing
dehydration in the laminar air-flow cabinet for 0€minutes. Dry weight of the beads
was measured after drying in the oven at 60°C fatag. The percentage of water
content was calculated on the basis of the fresghie

2.2.3.4 Regrowth rate.

After 2 months of culture, regrowth rate was catedl on the
basis of PLB forming plantlets from encapsulate@PL

2.2.3.5 Morphological study.

The plantlets with well-developed shoots and rowése selected
and rinsed thoroughly with tap water to removedesi nutrients and agar from the
plant tissue. The plantlets were transferred tstmabasket containing foams for 1
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month and then transplanted to pots containing gpia moss. The plantlets were
grown in the greenhouse, with about 60% shading &% relative humidity. The
young plants were sprayed with water twice a ddter”0, 3 and 6 months of culture in
the greenhouse, the survival rate, plantlet hergiat, length, number of roots and leaves
/plantlet were recorded.

2.2.3.6 Ploidy stability analysis using flow cytaimye

To analyze their ploidy stability, 6-month-old plets developed
from non-cryopreserved and cryopreserved PLB weleated and subjected to FCM
analysis according to the method described by #dtigt al. (2009). Nuclei were

analyzed in the same way as described in 2.1.6.

2.2.4 Study on the effects of sucrose pretreatraedtdehydration time
on survival rate of cryopreserved encapsulated PLB.

2.2.4.1 Plant materials.

PLB derived from one protocorm germinated from eaed on Y
MS medium supplemented with 0.1 mg/l NAA in combioa with 0.1 mg/l TDZ and
3% sucrose, adjusted to pH 5.7 were used. Theresltwere maintained at 25+1°C
under a 16 hour photoperiod with light supplieddopl-white fluorescent lamps at an
intensity of 10 pmol M s* PPFD for 3.5 months. PLB reaching diameter ofdbwas
used for the following experiments.

2.2.4.2 Encapsulation-dehydration method.

PLB were selected and encapsulated in an alginadrixm
composed of 3% (w/v) Na-alginate plus 0.4 M suctiosBD liquid medium, adjusted
to pH 5.2. Drops of this solution were dispensethvei pipette into 100 mM Cagl
solution supplemented with 0.4 M sucrose, and Kept30 minutes at 25+1°C.
Encapsulated PLB (about 6-7 mm in diameter) weea ttemoved from the solution
and washed in sterile distilled water for 3 timesl ghen were blotted dried with sterile
fillter paper. The beads were precultured in ND idgmedium supplemented with
different concentrations of sucrose (control, 0.10M8 M) at 25+1°C, for 1 day keeping
on a rotary shaker at 110 rpm. For osmotic desmtaencapsulated PLB were placed
on a sterile filter paper laid in open Petri-disf@£m in diameter) and then exposed to
sterile air-flow at 80 ft/min from the laminar dlow cabinet at 25+1°C for 0-7 hours.
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After dehydration, 10 dried beads were placed i8.@ ml cryotube, then directly
plunged into LN for 1 day in the dark. The cryotsilveere taken out of LN tank and
rapidly warmed in a water bath at 38+2°C for 2 nsu Cryopreserved PLB were
cultured on regrowth medium and kept in the darkifaveek. The cultures were then
transferred to fresh regrowth medium and maintained®5+1°C under a 16 hour
photoperiod with light supplied by cool-white flgscent lamps at an intensity of 10
pumol m? s* PPFD. For control, the precultured and dehydréateads by the above
procedures were cultured directly on regrowth mediar plantlet regeneration.

2.2.4.3 Water content determination.

Water content was determined for encapsulated RilBwing
dehydration in the laminar air-flow cabinet for (x@ur. Dry weights of the beads were
measured after drying in the oven at 60°C for 1. ddye percentage of water content
was calculated on the basis of the fresh weight.

2.2.4.4 Regrowth rate.

After 2 months of culture, regrowth rate was catedl on the
basis of PLB forming plantlets from encapsulate@PL

2.2.4.5 Morphological study.

The plantlets with well-developed shoots and raw¢se selected
and rinsed thoroughly with tap water to removedesi nutrients and agar from the
plant tissue. The plantlets were transferred tstmabasket containing foams for 1
month and then transplanted to pots containing gmita moss. The plantlets were
grown in the greenhouse, with about 60% shading &% relative humidity. The
young plants were sprayed with water twice a ddterA, 3 and 6 months of culture in
the greenhouse, the survival rate, plantlet herglat, length, number of roots and leaves
/plantlet were recorded.

2.2.4.6 Ploidy stability analysis using flow cytaimye

To analyze their ploidy stability, 6-month-old plets developed
from non-cryopreserved and cryopreserved PLB weleated and subjected to FCM
analysis according to the method described by #dtigt al. (2009). Nuclei were

analyzed in the same way as described in 2.1.6
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2.2.5 Experimental Design and Data Analysis.
Experiments were performed in a complete randomizesign
(CRD). The data were analyzed by ANOVA using SP8&ien 11.5 and the mean
values were separated using Duncan’s multiple raesfe(DMRT) at a 5% probability

level.

2.3 Alginate-encapsulation, short-term storage and plantlet regeneration from
PL B of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

2.3.1 Study on the effects of different storagediioons and intervals on
their conversion ability ofPhalaenopsis cornu-cervi (Breda)

Blume & Rchb. f.

PLB of P. cornu-cervi (Breda) Blume & Rchb. f. about 0.5 cm in
diameter were isolated individually from 3-montldtoproliferating PLB-clusters.
Individual PLB were dipped and drenched in 3% (wsgdium-alginate solution
containing ND liquid medium with 2% (w/v) sucrodeee of calcium and plant growth
regulator for 10 minutes. Aliquots of the alginat@ution, each containing one PLB,
were aseptically pipette out and gently droppedviddally with Pasteur pipette into
100 mM sterile calcium chloride solution. The debpl containing PLB were then
allowed to polymerize for 30 minutes to achieverate beads. The resulting beads (7-
9 mm in diameter) were washed in sterile distileater for 3 times. The encapsulated
PLB were then placed in sterile Petri-dishes (teads/plate), and in different storey of
a refrigerator at temperature of 4£1°C, 8+1°C abd12C to be stored for 180 days.
About 30 beads from each set stored in each tertypereegime were taken out and
cultured on ND medium supplemented with 4% (w/virege with 0.2% (w/v)
activated charcoal (AGvery 15 days. The encapsulated PLB grew out inrtbdium
rupturing the beads and were maintained theredweeldpment into complete plantlets.

2.3.2 Study on the ploidy instability analysis gsifiow cytometry
(FCM).
To analyze their ploidy stability of complete plats of P. cornu-
cervi (Breda) Blume & Rchb. f. derived from differenbsige temperatures and time of
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encapsulated PLB. Nuclei of young leaves taken ftam-month-old plantlets from
control plants or treated plants were isolated hgpping the leaves. Nuclei were
analyzed in the same way as described in 2.1.6.

2.3.3 Experimental Design and Data Analysis.
Experiments were performed in a completely randenhidesign
(CRD). The data were analyzed by ANOVA using SP8&ien 11.5 and the mean
values were separated using Duncan’s multiple raesfe(DMRT) at a 5% probability

level.



CHAPTER 3

RESULTS

3.1 Micropropagation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

3.1.1 Seed germination, protocorm formation amahii¢t development.

The hand-pollinated orchid flowers were observegulaly and
after 6 months of pollination, the green, well-deped capsules were collected from
the greenhouse-grown plants (Figure 2A). The sdadke fruits remained light brown
in color at this time. The seeds were immediatayngnated on MS agar medium
supplemented with 15% (v/v) coconut water (CW) (ffeg2B).

Seed germination was observed after culture fod#@g (Figure
2C). The germinating seeds increased in size, sd/glhd turned green (Figure 2D-E).
After transferring to MS medium supplemented wif4dl (v/v) CW and 0.2% (w/v)
activated charcoal (AC) all protocorms develope ishoots and roots (Figure 2F).
After five-months of culture, these plantlets depseld 5-6 leaves and 3-4 roots and

ready to be transferred to pots (Figure 2G-I).
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Figure 2. Development of plantlets from seedsPofcornu-cervi (Breda) Blume &
Rchb. f. germinated on MS medium. (Bar=1 cm)
A: An immature pod oP. cornu-cervi (Breda) Blume & Rchb. f. (6 MAP).
B: Seeds were sown on MS medium supplemented \&h (i/v) coconut
water (CW).
C: Asymbiotic germination of seeds after 49 daysuwfure on MS medium
supplemented with 15% (v/v) CW.

D: Seeds germinated into protocorms after 2 mointims sowing.
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Figure 2. Development of plantlets from seedsPofcornu-cervi (Breda) Blume &

Rchb. f. germinated on MS medium. (Bar=1 cm)

E:

G-I:

Asymbiotic germination of seeds after 3 montliscolture on MS
medium supplemented with 15% (v/v) coconut wataNjC
Four-month-old seedlings on MS medium suppleetenith 15%
(v/v) CW and 0.2% (w/v) activated charcoal (AC).

Five-month-old seedlings on MS medium suppletee with 15% (v/v)
CW and 0.2% (w/v) AC ready to be transferred tospiiited with

sphagnum moss.
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3.1.2 Effects of culture media on growth and PLRiuiction from
protocormsn vitro.

After 3 weeks of culture, the highest growth of PiuBprotocorms
was observed in ND liquid medium with or withoutva5v/v) CW, followed by MS
liquid medium with 15% (v/v) CW, MS liquid mediumitwout CW, VW liquid
medium with 15% (v/v) CW and VW liquid medium witltoCW, respectively (Figure
3). The protocorms were pale green to yellow iroc@then they were cultured in MS
liquid medium without CW (Figure 3B). Similar resulwere found in VW liquid
medium with 15% (v/v) CW or without CW (Figure 30). However, these protocorms
died after 4 weeks of culture.

At the fourth weeksf culture, protocorms derived from ND liquid
medium with or without 15% (v/v) CW and MS liquidegium with 15% (v/v) CW
were transferred to culture in ND liquid mediumiwit5% (v/v) CW or without CW or
MS liquid medium with 15% (v/v) CW. All the cultummedia turned brown to black
color due to the exudates released from culturegimeats. According to this
phenomenon, it is necessary to transfer all protosoto new liquid ND medium
supplemented with 15% (v/v) CW every 3 weeks foe¢htimes (Figure 4A, B). Upon
transferring to the fresh culture medium, protoc®riarned green and developed into
young seedlings with 1-2 leaves and 1-2 roots &teveeks of culture (Figure 4C).
Whole seedling cultures were transferred onto M3liome supplemented with 15%
(viv) CW and 0.2% (w/v) AC and kept under a 16-hgimotoperiod. Under this
condition, young seedlings continued developingraased in size and further formed
roots. Plantlets were obtained after three monthaulbure (Figure 5). These plantlets
developed 5-6 leaves and 3-4 roots and ready tdrébesferred to plastic basket
containing foams for acclimatization in the greamd® (Figure 6). These plants grew

vigorously, uniformly and finally developed intomaal plants with 100% survival rate.
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Figure 3. Development of protocorms in various igaulture media with different
components. (Bar =1 cm)
A: MS medium with 15%v/v) CW B: MS medium without CW
C: VW medium with 15% (v/v) CW DVW medium without CW
E: ND medium with 15% (v/v) CW FND medium without CW
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Figure 4. Development of protocorms in ND liquid medium with% (v/v) coconut
water (CW) at different periods of culture. (Bat €m)
A: 5 weeks of culture  B: 6 weeks of culture  C: 8&¥k® of culture
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Figure 5. Three-month-old plantlets on MS medium supplememgtth 15% (v/v)
coconut water (CW) and 0.2% (w/v) activated char¢ag). (Bar = 1 cm)

Figure 6.Plantlets acclimatized in the greenhouse.
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3.1.3 Effects of ascorbic acid and culture medi@aB induction from
bisected and protocornng vitro.

After culturing protocorms at GI3 (Arditti and Hegkl979) and
bisected protocorms in ND or VW liquid media suppémted with ascorbic acid at
various concentrations. The results showed thactesl protocorms became brown
(Figure 7A), when cultured in ascorbic acid-free Mjuid medium. ND liquid medium
supplemented with 100, 150 and 200 mg/l ascorht, al protocorms turned black in
all culture media (Figure 7B, C, D).

The bisected protocorms had pale green to yellowolor when
they were cultured in VW liquid medium or VW liquidedium supplemented with 100
mg/l ascorbic acid (Figure 7E, 7F). VW liquid mediicontaining 150 mg/l ascorbic
acid promoted PLB formation. This medium producetlé PLB around the bisected
protocorms (Figure 7Gand gave the highest fresh weight of new PLB ab3ll
g/explant (Table 1). While all bisected protocortusied black when cultured in VW
liquid medium supplemented with 200 mg/l ascorlgic §Figure 7H).

In case of culturing of protocorms, after 3 weeksuture in ND
liquid medium, protocorms at GI3 developed intoygpseedlings with 2 leaves and 2-3
white roots (Figure 8A). ND liquid medium supplerteshwith 100 mg/l ascorbic acid
promoted the development of protocorms into youregdBngs with 2 leaves
consequently stopped growth at only GI5 (ArdittidaHeaky, 1979). The base of
protocorms turned to black (Figure 8B). While th® Nguid medium supplemented
with 150 and 200 mg/l ascorbic acid promoted thestbgpment of protocorms into only
Gl4 (Arditti and Heaky, 1979) and after that allbbfmcorms turned black and died
(Figure 8C, D).

Protocorms cultured in VW liquid medium developedoi GI3
(Arditti and Heaky, 1979) and proceeded throughngpseedlings with 2 leaves and 1-2
protuberance small white roots (Figure 8E).

Protocorms cultured in VW liquid medium containia@0 mg/I
ascorbic acid grew in size and developed into @ity (Arditti and Heaky, 1979). The
basal part of protocorms contained small tubersraotd the base of explants turned into
black color (Figure 8F). Similar results were found/W liquid medium supplemented
with 150 and 200 mg/l ascorbic acid (Figure 8G, Piptocorms proliferated into new
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PLB around the base of explants. After another a§sdof culture, all bisected
protocorms turned black when cultured in ND liqurdedium containing all
concentrations of ascorbic acid tes(Edyure 9A-D). Bisected protocorms enlarged and
more PLB were formed when cultured in VW liquid med supplemented with 100
and 150 mg/l ascorbic acid (Figure 9F, @ile all bisected protocorms turned into
black color when cultured in VW liquid medium supmlented with 200 mg/l ascorbic
acid (Figure 9H).
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Figure7. Growth of bisected protocorms cultured in vasidiquid culture media for 3

weeks. (Bar=1 cm)
A, E: Bisected protocorms in ND and VW liquid medighout ascorbic acid.

B, F: Bisected protocorms in ND and VW liquid media s@ppénted with

100 mg/l ascorbic acid.
C, G:Bisected protocorms in ND and VW liquid media s@ppénted with

150 mg/l ascorbic acid.
D, H: Bisected protocorms in ND and VW liquid mediapplemented with

200 mg/l ascorbic acid.
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Figure 8. Growth and development of protocorms cultured iniotss liquid culture

media for 3 weeks. (Bar=1 cm)

A, E: Protocorms in ND and VW liquid media without adiic acid.

B, F: Protocorms in ND and VW liquid media suppleneel with 100 mg/I|
ascorbic acid.

C, G: Protocorms in ND and VW liquid media supplatee with 150 mg/l
ascorbic acid.

D, H: Protocorms in ND and VW liquid media supplenss with 200 mg/I
ascorbic acid.
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ND | VW
Figure9. Growth and proliferation of bisected protocoroadtured in liquid media for
50 days. (Bar=1 cm)
A, E: Bisected protocorms in ND and VW liquid medigthout ascorbic

acid.

B, F: Bisected protocorms in ND and VW liquid medigpplemented with
100 mg/l ascorbic acid.

C, G: Bisected protocorms in ND and VW liquid medigplemented with
150 mg/l ascorbic acid.

D, H: Bisected protocorms in ND and VW liquid mediapplemented with
200 mg/l ascorbic acid.
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Protocorms increased in size and developed intdlisges when
they were cultured in ND liquid medium without adwo acid (Figure 10A). All
protocorms turned black and some protocorms diezt &king cultured in ND liquid
medium supplemented with ascorbic acid at variamentrations (Figure 10B, C, D).
Similar results were observed in VW medium. Prototw developed into seedlings
when they were cultured in VW liquid medium withcagcorbic acid (Figure 10E).
However, neoformation of PLB was formed in 100, ¥@ 200 mg/l ascorbic acid
containing VW liquid medium (Figure 10F, G, H).

Plantlets from both ND and VW liquid culture mediaused
browning or blackening of media after 50 days dfure (Figure 11). Obtaining results
in this experiment indicated that ND medium suppatad with ascorbic acid at
various concentrations was not effective in prodifon of bisected protocorms and
protocorms ofP. cornu-cervi (Breda) Blume & Rchb. f. (Table Figure 9, 10).
However, ascorbic acid containing VW medium at emtation 150 mg/l played a
significant role in proliferation of the bisectedofpcorms (21 PLB/explants) and
protocorms (14 PLB/explant) after being cultured 30 days. At this stage of culture
(50 days after being cultured) all protocorms prmtlhealthy shoots.
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Figurel0. Protocorms were cultured in liquid media for 50glgBar=1 cm)
A, E: Protocorms in ND and VW liquid media withasgcorbic acid.
B, F: Protocorms in ND and VW liquid media supplenee with 100 mg/I
ascorbic acid.
C, G: Protocorms in ND and VW liquid media suppleted with 150 mg/|
ascorbic acid.
D, H: Protocorms in ND and VW liquid media supplensa with 200 mg/I

ascorbic acid.
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Figure 11. Seedling developed from protocorms &iedays of culture. (Bar=1 cm)
A: ND liquid medium and B: VW liquid medium.
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Table 1 Effects of culture media and ascorbic acidPLB formation from protocorms

and bisected protocorm segment$&ofornu-cervi (Breda)Blume & Rchb. f.

Media + Ascorbic acid PLB formation  No. of PLB per Fresh weight
(As) (mg/l) (%) explant (9)
(MeantS.E.) (MeanzS.E.)

Bisected protocorms

ND 0 0+0 00"
ND + As 100 0 (0520 00"
ND + As 150 0 0+ 00"
ND + As 200 0 0+ 00"

VW 25 2.0+0.32 0.0285+0
VW + As 100 50 5.4+0.2%7 0.034046
VW + As 150 100 21.5+0.39 0.1631+6
VW + As 200 0 0+0 00"

Protocorms

ND 0 0+0 00"
ND + As 100 0 0+ 00"
ND + As 150 0 0+ 00"
ND + As 200 0 0+ 00"

VW 0 0+0 00"
VW + As 100 25 2.0+0.45 0.0641+0
VW + As 150 50 14.4+0.45 0.1269+8
VW + As 200 70 7.5+0.20 0.0909:+6

The values followed by different letters within goins are significantly
different from others at 5% level by DMRT.
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3.1.4 Effects of starting explants and PGRs on RitBiation.

In the present study, seeds taken from the greds p@re sown
on the MS medium supplemented with 15% (v/v) cotomater (CW). Swelling and
glistering of the embryos were first observed withi.5 months after being cultured.
The swelling of the embryo synthesized chloroplasted from yellow to yellowish
green color and finally germinated into protocoratsGl4 stage (Figure 12A) and
cluster of two-leaf seedlings (Figure 12B) wereamttd after 2 to 3 months of culture
on MS medium supplemented with 15% (v/iv) CW an®® @v/v) activated charcoal
(AC). Both protocorms and seedlings were used iéisliexplants for proliferation of
protocorm-like bodies (PLB) in the next experiment.

Figure 12.Aseptically germination oP. cornu-cervi (Breda) Blume & Rchb. f. from
green pods at 6 months after pollination (MAP).réBacm)
A: Asymbiotic germination of seeds after 2 monhsulture on MS
medium supplemented with 15% (v/v) coconut wataNjC
B: Three-month-old seedlings on MS medium suppldatewith 15% (v/v)
coconut water (CW) and 0.2% (w/v) activated char¢Ag).
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Among four different initial explants, bisected fmoorms resulted
in proliferation of new PLB and showed the highgsitcentage of protocorm browning
as compared to the other explants (Table 3, FitldyeWounded protocorms resulted in
proliferation of new PLB and showed the lowest patage of protocorm browning as
compared to other explants (Table 4). One cm igtlerf leaf explants swelled and
remained green after 4 weeks of culture (Figure B&@nt growth regulators played no
important role in PLB induction from leaf segme(iable 5, Figure 16). After 6 weeks
of culture, the leaf segments became necrotic anBUB were formed. In the present
study, leaf and bisected protocorm explantB.afornu-cervi (Breda)Blume & Rchb. f.
produced enormous phenolic compounds leading téatheee in PLB formation.

In our culture system, wounds caused by cuttingyguaan
important role in the formation of new protocormounding can bring about the
production of a higher number of new protocormshatbasal part of initial wounded
protocorms. However, in some cases, wounding catiseddeath of some of the
wounded protocorms. In the PGR-free-half-strengt® Medium, only about 30% of
wounded protocorms developed into PLB (Table 4ukdL5).

In the presence of TDZ or BA alone or TDZ in condtian with
NAA, PLB were directly formed from the surface obwnded protocorm segments after
4 weeks of culture. The response in PLB proliferativas improved considerably with
the application of cytokinins, especially TDZ. EVEDZ alone at high concentration of
1.0 mg/l promoted a high percentage (100) and nunobePLB formation (12.2
PLB/wounded protocorm) after 4 weeks of culture.ditidn of NAA at 0.1 mg/l
together with 0.1 mg/l TDZ gave the better numbérabh sizes of PLB (11-13
PLB/explants/wounded protocorm) (Table 4, Figurg)15

After another 2 weeks of culture on the same PGRaioing
media, the PLB enlarged and more PLB and shoote feemed (Figure 17A). When
culturing wounded primary PLB on %2 MS medium suppeated with 0.1 mg/l NAA
and 0.1 mg/l TDZ combination for 4-5 months, woungdican bring about the
production of a higher number of new PLB on thegioal one (Figure 17B, C).
Cytokinins at concentrations higher than 1.0 meggluited in significant lower numbers
of PLB (Table 4). TDZ was more effective than BA imducing PLB formation.
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Between the two cytokinins tested (BA, TDZ), TDZ svanore efficient in the PLB
induction from wounded protocorm segments than BA.

For plant regeneration, PLB from both the PGR-fresium and
in the presence of NAA, TDZ or BA caused browninmgbtackening of media after 6
weeks of culture. Wounded primary PLB were cultured % MS medium
supplemented with 0.1 mg/l NAA and 0.1 mg/l TDZ donation for 4-5 months
(Figure 17B, C). Upon transferring PLB to hormoneef medium supplemented with
15% (v/v) CW and 0.2% (w/v) AC and kept under ahlphotoperiod for 5 months,
PLB converted into healthy plants with well-deveddp3-4 leaves and 3-4 roots per
shoot (Figure 17D).

In this present study, AC in culture media seemsrdduce
exudates caused inhibition of proliferation becaubey enhanced protocorms
development. The present study is the first refwoshow that PLB can be induced from
wounded protocorm segments Bf cornu-cervi (Breda)Blume & Rchb. f. on media
containing CW. The use of culture media supplenemtgh plant growth regulators
and those solidified with agar were also effecfimethe efficient initiation of PLB and
regeneration into plantlets. These protocols ampls, inexpensive and bring about the
production of a large number of plantlets by gemating seeds and PLB induction in a
short period of timeThis research has demonstrated that propagatién ar nu-cervi

(Breda)Blume &Rchb. f. can be successfully carried out via PLdiction.
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Table 2Effects of NAA, TDZ and BA containing ¥2 MS mediunm &@LB formation
from protocorms oP. cornu-cervi (Breda)Blume & Rchb. f.The frequency of
embryo forming explants and the mean number of RIEB explant were

scored after 45 days of culture.

NAA TDZ BA  Browning PLB No. of PLB per explant

formation

Small Medium Large
(mg/l) (mg/l) (mg/l) (%) (%) Size size size
(MeanzS.E.) (MeantS.E.) (MeanzS.E.)

Protocorms
00 0.0 0 0 0.00+0.60 0.00+0.06 0
0.1 0 0.00+0.60  0.00+0.08 0
1.0 10 10.00+0.58  0.00+0.06 0
3.0 20 20 0.00+0.60 2.50+0.28 0
0.1 0 0 0.00£0.60 0.00+0.06 0
0.1 20 2.00+0.60 2.00+0.06 0
1.0 20 2.00+0.60 0.00+0.06 0
3.0 20 10 3.00+0.88 0.00+0.00 0
1 0 10 10 10.00+0.88 10.00+0.58 0
0.1 10 20 1.50+0.99  2.50+0.28 0
1.0 0 0 0.00+0.60 0.00+0.08 0
3.0 20 0 0.00+0.60  0.00+0.08 0
0 0 0.1 0 0.00+0.60 0.00+0.08 0
1.0 0 0 0.00+0.60  0.00+0.08 0
3.0 20 0 0.00+0.60 0.00+0.00 0
10.0 0 0 0.00+0.60 0.00+0.08 0

The values followed by different letters within goins are significantly
different from others at 5% level by DMRT.
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Figure 13. Development of new PLB from culturingofmcorms on % MS medium
containing PGRs at various concentrations. (Bam}l c
A: 0 mg/l NAA+ 0 mg/l TDZ
B: 0 mg/l NAA+ 0.1 mg/l TDZ
C: 0 mg/l NAA+ 1.0 mg/l TDZ
D: 0 mg/l NAA+ 3.0 mg/l TDZ
E: 0.1 mg/l NAA+ 0 mg/l TDZ
F: 0.1 mg/l NAA+ 0.1 mg/l TDZ
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Figure 13. Development of new PLB from culturingptmcorms on %2 MS medium
containing PGRs at various concentrations. (Bam}) c
G: 0.1 mg/l NAA + 1.0 mg/l TDZ
H: 0.1 mg/l NAA+ 3.0 mg/l TDZ
I: 1.0 mg/l NAA+0 mg/l TDZ
J: 1.0 mg/l NAA+0.1 mg/l TDZ
K: 1.0 mg/l NAA+1.0 mg/l TDZ
L: 1.0 mg/l NAA+3.0 mg/l TDZ
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Figure 13. Development of new PLB from culturingptmcorms on %2 MS medium
containing PGRs at various concentrations. (Bam}) c
M: 0.1 mg/l TDZ+0.1 mg/l BA
N: 0.1 mg/l TDZ+ 1.0 mg/l BA
0O: 0.1 mg/l TDZ+ 3.0 mg/l BA
P: 0.1 mg/l TDZ 10.0 mg/l BA
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Table 3 Effects of NAA, TDZ and BA containing ¥2 MBedium on PLB formation
from bisected protocorms &. cornu-cervi (Breda) Blume & Rchb. f. The
frequency of embryo forming explants and the meambver of PLB per

explant were scored after 45 days of culture.

NAA TDZ BA  Browning PLB No. of PLB per explant

formation

Small Medium Large
(mg/l) (mg/l) (%) (%) Size size size

(MeantS.E.) (MeantS.E.) (MeanzS.E.)

(mg/l)

Bisected protocorms

0 0 50 30 3.33+0.33 2.33+0.58  0.67+0.6%"
0.1 90 10 0.00+0.60 2.00+0.08  0.00+0.00

1.0 70 20 5.50+0.59 0.00+0.06  0.00+0.00

3.0 70 20 8.00+4.62 8.00+6.06 5.00+2.8¢

0.1 0 50 40 0.00+0.60 0.00+0.06 10.25+0.25
0.1 62.5 375 4.67+2.40 8.00+5.06°  4.67+2.46

1.0 70 30 16.00+2.81 16.33+2.89 16.00+2.00

3.0 70 30 11.00+2.65 10.33+2.55° 12.67+1.76>

1 0 60 40 0.00+0.60 8.50+5.26  4.75+0.75
0.1 40 60 4.25+0.63% 10.00+1.6%° 2.75+0.48"

1.0 50 40 16.33+0.83 13.67+2.98° 4.17+0.65"¢

3.0 90 10 3.00+0.00 4.00+1.08° 8.00+0.58°

0 0 0.1 90 10 2.00+0.60 2.00+0.00  3.00+0.08"
1.0 70 30 3.00+1.78 3.00+0.00  5.00+2.8¢

3.0 40 60 1.50+0.72 2.83+0.78 14.17+0.5%

10.0 70 30 4.67+0.67 0.00+0.08 10.67+0.67

The values followed by different letters within eoins are significantly
different from others at 5% level by DMRT.
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Figure 14. Development of new PLB from culturingdited protocorms on %2 MS
medium containing PGRs at various concentratiddst<1 cm)
A: 0 mg/l NAA+ 0 mg/l TDZ
B: 0 mg/l NAA+ 0.1 mg/l TDZ
C: 0 mg/l NAA+ 1.0 mg/l TDZ
D: 0 mg/l NAA+ 3.0 mg/l TDZ
E: 0.1 mg/l NAA+ O mg/l TDZ
F: 0.1 mg/l NAA+ 0.1 mg/l TDZ
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Figure 14. Development of new PLB from culturingdited protocorms on %2 MS

medium containing PGRs at various concentratiddst<1 cm)

G: 0.1 mg/l NAA+ 1.0 mg/l TDZ

H: 0.1 mg/l NAA+ 3.0 mg/l TDZ

I: 1.0 mg/l NAA+0 mg/l TDZ

J: 1.0 mg/l NAA+0.1 mg/l TDZ

K: 1.0 mg/l NAA+ 1.0 mg/l TDZ

L: 1.0 mg/l NAA+ 3.0 mg/l TDZ
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Figure 14. Development of new PLB from culturingdited protocorms on %2 MS
medium containing PGRs at various concentratidder<1 cm)
M: 0.1 mg/l TDZ+ 0.1 mg/l BA
N: 0.1 mg/l TDZ+ 1.0 mg/IBA
O: 0.1 mg/l TDZ+ 3.0 mg/IBA
P: 0.1 mg/l TDZ 10.0 mg/BA
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Table 4 Effects of NAA, TDZ and BA containing ¥2 MBedium on PLB formation
from wounded protocorms d?. cornu-cervi (Breda) Blume & Rchb. f. The
frequency of embryo forming explants and the meambver of PLB per

explant were scored after 45 days of culture.

NAA  TDZ BA Browning PLB No. of PLB per explant
formation
Small Medium Large
(mg/l)  (mg/l) (mgll) (%) (%) Size size size
(Meanz£S.E.) (MeantS.E.) (MeanzS.E.)
Wounded protocorms
0.0 0.0 5 30 2.00+0.60 3.00+0.37 3.30+0.55
0.1 90 8.80+4. 7%  4.60+0.37 5.10+0.83"
1.0 0 100 12.20+0.3%  5.40+0.18™ 5.50+0.23"
3.0 10 80 5.20+1.48"  2.00+0.65" 4.60+0.68"
0.1 0.0 5 90 8.30+2.8%%  530+1.48™ 8.00+0.5%
0.1 0 100 13.90+4.f6  10.70+3.26 11.00+0.75°
1.0 5 70 9.70+0.8%Y  5.70+0.95“ 6.60+0.37
3.0 0 100 9.20+3.0%%  6.20+1.46° 8.40+0.46"
1.0 0.0 5 90 0.00+0.60 0.50+0.3§' 6.00+0.65
0.1 5 90 8.50+2.48%  3.10+0.61™ 4.70+0.49"
1.0 0 100 13.20+3.10 8.00+0.5%° 11.50+0.83
3.0 0 90 0.00+0.00 0.00+0.00 9.70+0.28
0.0 0.0 0.1 5 90 3.60+0.%3 4.00+0.44% 4.10+0.1%
1.0 0 100 3.10+0.74 2.60+0. 27 5.20+0.15"
3.0 10 80 2.80+0.64 2.50+0.3%" 4.50+0.27"
10.0 10 80 6.00+1.%1"  4.50+0.27 4.30+0.28"

The values followed by different letters within eoins are significantly
different from others at 5% level by DMRT.
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Figure 15. Development of new PLB from culturinguaded protocorms on % MS
medium containing PGRs at various concentratiddet<1 cm)
A:0 mg/l NAA+ 0 mg/l TDZ
B: 0 mg/l NAA+ 0.1 mg/l TDZ
C:0 mg/l NAA+ 1.0 mg/l TDZ
D:0 mg/l NAA+ 3.0 mg/l TDZ
E: 0.1 mg/l NAA+ 0 mg/l TDZ
F: 0.1 mg/l NAA+ 0.1 mg/l TDZ
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Figure 15. Development of new PLB from culturingumded protocorms on %2 MS

medium containing PGRs at various concentratiddst<1 cm)

G: 0.1 mg/l NAA+ 1.0 mg/l TDZ

H: 0.1 mg/l NAA+ 3.0 mg/l TDZ

I: 1.0 mg/l NAA+ 0 mg/l TDZ

J: 1.0 mg/l NAA+ 0.1 mg/l TDZ

K: 1.0 mg/l NAA+ 1.0 mg/l TDZ

L: 1.0 mg/l NAA+ 3.0 mg/l TDZ
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Figure 15. Development of new PLB from culturingumded protocorms on %2 MS
medium containing PGRs at various concentratiddst<1 cm)
M: 0.1 mg/l TDZ+ 0.1 mg/l BA
N: 0.1 mg/l TDZ+ 1.0 mg/l BA
O: 0.1 mg/l TDZ+ 3.0 mg/l BA
P: 0.1 mg/l TDZ 10.0 mg/l BA
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Table 5 Effects of NAA, TDZ and BA containing %2 MS mediunm LB formation

from leaf segments d&®. cornu-cervi (Breda)Blume &Rchb. f.The frequency

of embryo forming explants and the mean number ld Ber explant were

scored after 45 days of culture.

NAA TDZ BA  Browning PLB No. of PLB per explant
formation
Small Medium Large
(mg/l) (mg/l) (mg/l) (%) (%) Size size size
(MeanzS.E.) (MeantS.E.) (MeanzS.E.)
Leaf segments
0 0 100 0 0 0 0
0.1 100 0 0 0 0
1.0 100 0 0 0 0
3.0 100 0 0 0 0
0.1 0 100 0 0 0 0
0.1 100
1.0 100
3.0 100
1 0 100 0 0 0 0
0.1 100
1.0 100
3.0 100
0 0 0.1 100 0 0 0 0
1.0 100
3.0 100
10.0 100
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Figure 16. Development of leaf segments after beinfjured on %2 MS medium
supplemented with PGRs at various concentrati@e=1 cm)

0 mg/l NAA+ 0 mg/l TDZ

0 mg/l NAA+ 0.1 mg/l TDZ

0 mg/l NAA+ 1.0 mg/l TDZ

0 mg/l NAA+ 3.0 mg/l TDZ

0.1 mg/l NAA+ 0 mg/l TDZ

0.1 mg/l NAA+ 0.1 mg/l TDZ

mTmo o w2
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Figure 16. Development of leaf segments after beinfjured on ¥ MS medium
supplemented with PGRs at various concentrati@e=1 cm)
G: 0.1 mg/l NAA+ 1.0 mg/l TDZ
H: 0.1 mg/l NAA+ 3.0 mg/l TDZ

1.0 mg/l NAA+ 0 mg/l TDZ

1.0 mg/l NAA+ 0.1 mg/l TDZ

1.0 mg/l NAA+ 1.0 mg/l TDZ

1.0 mg/l NAA+ 3.0 mg/l TDZ

r A<
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Figure 16. Development of leaf segments after beinfjured on %2 MS medium
supplemented with PGRs at various concentrati@®e~L cm)
M: 0.1 mg/l TDZ+ 0.1 mg/l BA
N: 0.1 mg/l TDZ+ 1.0 mg/l BA
O: 0.1 mg/l TDZ+ 3.0 mg/l BA
P: 0.1 mg/l TDZ 10.0 mg/l BA
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Figure 17. PLB development d?P. cornu-cervi (Breda) Blume & Rchb. f. from
culturing wounded protocorms on %2 MS medium comai®.1 mg/l NAA
and 0.1 mg/l TDZ. (Bar=1 cm)

A:  Conversion of PLB to shoots.

B, C: New PLB derived from culturing wounded primd?LB on Y2 MS
medium supplemented with 0.1 mg/l NAA and 0.1 m@bZ
combination after 4 and 5 months, respectively.

D: PLB-derived plantlets on MS medium supplememnéth 15% (v/v)
coconut water (CW) and 0.2% (w/v) activated charCAg).
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3.1.5 Effects of culture media, concentrations wfresse and activated
charcoal on plantlet growth.

The PLB were excised and transferred to ND or MSdime
supplemented with various concentrations of suc(0s, 3 and 4%vith or without
AC. The results revealed that in the presence ofilCulture media gave a better
response than culture media without AC.

The PLB grew well on both ND and MS agar media.nBicant
difference was observed between culture media artentrations of sucrose for
survival rate, fresh weight, plantlet height (TaB)e number of leaves per plantlet, leaf
length, leaf width, number of roots per plantled aoot length (Table 7).

PLB enlarged in their size after 2 months of c@fwsubsequent to
the development into small plantlets after 3 morghgulture. To study the type of
culture media and carbon source on plantlet regéioer from PLB, different
concentrations of sucrose were added in the medHigher concentration of sucrose
gave a higher fresh weight than lower concentrat{@mable 6).

In the present study, concentrations of sucrosecegtl the survival
rate of plantlets from PLB in both culture mediahwor without AC. On the other hand,
survival rate of plantlets on media without sucreses lower (Table 6). However, a
critical problem during culture on media without ATable 6) was that tissue browning
resulting from phenolic compound accumulation ocedirand this caused the loss of
growth capacity (Table 7). This important probleould be solved using 0.2% (w/v)
activated charcoal (AC) as a medium addendum.

Of the sixteen different culture media used in #xperiment, the
best result was obtained when PLB segments weréuredl on ND medium
supplemented with 4% (w/v) sucrose with AC (Table&’ After 5 months of culture,
sucrose at 0, 2, 3 or 4% showed significant difieeson plantlet growth. On sugar
containing medium, all PLB could germinate at 10@¥d seedling growth was
comparatively faster than those obtained from celtmedium without sugar. The
survival rate of PLB cultured on ND and MS mediunpglemented with AC was
slightly higher than that obtained in the mediunthwut AC. Survival rate of PLB
obtained from AC containing medium was 95-100% (&&). Similar results were also
found in plant height and fresh weight.
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In this present study, ND medium supplemented with (w/v)
sucrose in the presence of AC gave the highestvslimate at 100%, plantlet height at
10.9 mm, fresh weight at 1.309 g, number of leparlantlet at 6.1 leaves, leaf length
at 33.85 mmleaf width at 13.45 mm, number of roots per plarate8.9 root@and root
length at 30.2 mm (Table 6, 7: Figure 18L). Therefohis medium was suitable for the
conversion of PLB into plantlets. It was also fouthdt the concentration of sucrose in
both culture media affected on survival rate, piriteight and fresh weight of plantlets
from PLB. On the other hand, development of plastn culture media with sucrose
was better than culture media without sucrose.

At the first 2 months of culture, PLB produced ggaquantity of
phenolic compounds and exuded from the cut enddingato browning of the
surrounding ND or MS media (Figure 18C, G). Howewubrs phenomenon did not
inhibit the development of PLB which were cultuiedAC containing media (Figure
18K, L, O).

In this present study, AC in culture media seemsetiuce exudates
released from wounds, thus, enhancing the developofePLB. PLB converted into
healthy plantlets with well-developed leaves andtsowvhen they were cultured on
medium supplemented with A@nd kept under a 16-h photoperiod for 5 months. In
culture medium without AC, slow growth was observidthis report theP. cornu-
cervi (Breda) Blume & Rchb. f. plantlets raised on NDdmen containing AC had
greater height than all other treatments without. AGbvious effects of AC was
observed on the root formation. PLB developed pitmtlets with well-developed 8.9
roots and 30.2 mm root length per plantlet whetucetl on ND medium containing 4%
(w/v) sucrose and 0.2% (w/v) AC (Figure 18L). THeBReasily developed into plantlets
on this medium. The results suggested that AC magsist adsorbing phenolic
compounds in modified ND or MS medium. Therefohe, survival rate of plantlets was
increased when AC was added into ND or MS mediumiditon of AC in culture
medium may cause better development of root anidlgearts of plants without any
addition of exogenous auxins and/or cytokinins.

After 6 months of culture on ND medium supplementgth 4%
(w/v) sucrose and 0.2% (w/v) AC, complete plantietre formed. Fully developed
plantlets rooted wellin vitro with good shoot and root formation (Figure 18L).
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Complete plantlets (Figure 19A) were removed frow@ bottle, washed twice with tap
water to remove traces of agar and transplantedpats filled with sphagnum maoss.
They were successfully acclimatized and grown geghouse under 60% shading and
80% relative humidity. After 2 months of being tséarred, survival rate of plantlets at
100% (100 plantlets) was obtained (Figure 19B)ere were no obvious differences in
morphology of plantlets and no phenotypic variasiomere observed among them
during vegetative period in the greenhouse. Onet flawered at 3 months after being
transferred to greenhouse (Figure 19C).

The present study is the first report to show BB can be induced
from wounded protocorm segments on %> MS medium lsomgmted with 0.1 mg/I
NAA and 0.1 mg/l TDZ combination. ND medium suppkted with 4% (w/v)
sucrose and containing AC was suitable for congarsf PLB of P. cornu-cervi
(Breda) Blume & Rchb. f. into complete plantlets emhconsidering survival rate,
plantlet height, fresh weight, number of leaves plantlet, leaf length, leaf width,
number of roots per plantlet and root length. Tise of media supplemented with
suitable sucrose concentration and containing A€ also effective for development of
PLB into complete plantlets. One advantage of théglium is that it does not require

any addition of hormones.
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Table 6 Survival rate and plantlet growth from P&fBP. cornu-cervi (Breda)Blume &
Rchb. f. after 5 months of culture on 2 differenttere media with or without
AC and 4 concentrations of sucrose.

Media Sucrose Survival rate  Plantlet height  Freshgiat
(%) (%) (mm) (9)
(Meant S.E.) (Meanz S.E.)
Without AC
ND 0 70.00 5.1+0.18  0.260+0.0%
2 80.00 6.3+0.15  0.360+0.0%
3 100.00 7.1+0.10  0.494+0.0%
4 90.00 7.2+0.13  0.561+0.04°
MS 0 75.00 4.3+0.21 0.240+0.09
2 94.44 4.2+0.36  0.248+0.02
3 92.86 3.740.15  0.392+0.08°
4 90.00 4.2+0.20  0.311+0.0%
With AC
ND 0 95.00 9.4+0.18  0.601+0.08
2 95.00 10.1+0.18  0.785+0.07
3 100.00 10.0+0.60  0.998+0.0%
4 100.00 10.9+0.831  1.309+0.18
MS 0 85.00 7.9+0.38  0.370+0.08"
2 100.00 7.4+0.37  0.498+0.07
3 100.00 9.1+0.62  0.503+0.07
4 88.88 8.4+0.46  0.595+0.13

The values followed by different letters within lwmns are significantly
different from others at 5% level by DMRT.
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Table 7 Leaf and root growth from PLB Bf cornu-cervi (Breda)Blume & Rchb. f.
after 5 months of culture on 2 different culturedi@ewith or without AC and 4

concentrations of sucrose.

Media Sucrose No.of leaves/ leaf length leaf width No.of roots/  root length
(%) plantlet (mm) (mm) plantlet (mm)
(MeantS.E.) (MeanzS.E.) (MeantS.E.) (MeantS.E.) (MeanzS.E.)
Without AC
ND 0  5.70+0.36% 16.95+0.7%" 6.90+0.29 3.90+0.38"  8.25+0.3%°
2 6.20+0.368™ 18.90+1.08% 8.45+0.41%  5.10+0.3f9 16.70+1.47
3 6.90+0.2% 21.35+1.50 11.30+0.58 6.50+0.56" 24.40+2.7%
4 6.40+0.58° 17.10+1.08°"  10.00+0.48*  5.70+0.48° 25.75+2.2%
MS 0  7.00+0.52 13.35+0.5% 6.70+0.32 3.70+0.3¢"  4.45+0.64
2 6.30+0.268™ 13.30+0.48 7.05+0.38"  4.00+0.3%"  6.45+0.65
3 6.60+0.31" 16.00+0.78 8.10+0.18"  5.20+0.4%°"  6.00+0.8%
4 6.40+0.31° 11.70+0.4% 7.10+0.28"  4.90+0.35%  4.15+0.64
With AC
ND 0  6.00+0.2f 20.90+1.45° 10.45+0.67° 4.40+0.25% 12.75+0.9%
2 6.60+0.5%° 31.55+1.87 14.05+0.68 7.10+0.48° 25.20+2.12
3 6.40+0.31° 30.95+1.01 13.10+0.42 8.30+0.68° 21.35+2.14
4  6.10+0.28° 33.85+1.63 13.45+0.39 8.90+0.56  30.20+1.88
MS 0  5.40+0.37 18.10+0.88% 8.25+0.49"  290+0.31  5.15+0.65
2 7.00+0.33 21.80+1.77 9.65+0.56™  4.20+0.38"  7.70+0.96
3 6.80+0.28 21.15+1.28 10.70+0.58° 4.90+0.389  8.65+1.24°
4 7.20+0.42 20.10+1.95% 9.00+0.66"  5.30+0.88"" 8.90+2.1%

The values followed by different letters within eoins are significantly
different from others at 5% level by DMRT.



Figure 18. Conversion of protocorm-derived PLB iplantlets on 2 different culture
media with 4 concentrations of sucrose without PGRsr 5 months of
culture. (Bar=1 cm)

A: ND medium.
B: ND medium supplemented with 2% (w/v) sucrose.
C: ND medium supplemented with 3% (w/v) sucrose.
D: ND medium supplemented with 4% (w/v) sucrose.
E: MS medium.

F: MS medium supplemented with 2% (w/v) sucrose.
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Figure 18. Conversion of protocorm-derived PLB iplantlets on 2 different culture
media with 4 concentrations of sucrose without PGRsr 5 months of
culture. (Bar=1 cm)

G: MS medium supplemented with 3% (w/v) sucrose.

H: MS medium supplemented with 4% (w/v) sucrose.

I: ND medium supplemented with 0.3% (w/v) AC.

J: ND medium supplemented with 0.2% (w/v) AC and @%) sucrose.
K: ND medium supplemented with 0.2% (w/v) AC and @&%v) sucrose.
L: ND medium supplemented with 0.2% (w/v) AC and @&%v) sucrose.
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Figure 18. Conversion of protocorm-derived PLB iplantlets on 2 different culture
media with 4 concentrations of sucrose without P@Rer 5 months of
culture. (Bar=1 cm)

M:MS medium supplemented with 0.2% (w/v) AC.

N: MS medium supplemented with 0.2% (w/v) AC and @d#v) sucrose.
O: MS medium supplemented with 0.2% (w/v) AC and @%v) sucrose.
P: MS medium supplemented with 0.2% (w/v) AC and (¥#) sucrose.
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Figure 19. Plantlets d@?. cornu-cervi (Breda) Blume & Rchb. f. (Bar=1cm)
A: Plantlets after 6 months of sowing seeds on N#aliomm
supplemented with 4% (w/v) sucrose and containi@go(w/v) AC.
B, C: 2-month-old and 3-month-old acclimatized pliets grown in the

greenhouse.
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3.1.6 Ploidy instability analysis using flow cytotme(FCM).

Plantlets obtained from wounded protocorms whicliewsultured
on %2 MS medium supplemented with different con@iins of PGRs showed the
same peaks of relative DNA content indicated that/thad the same ploidy level as
control plantlets (Figure 21). In addition, PGRsthauxins and cytokinins used in this
investigation played non-significant role on insli&pof ploidy level of plantlets after 4
months of culture. There was no change in ploidgllef plantlets by this protocol. So,
this technique is quite stable for mass propagatidf. cornu-cervi (Breda) Blume &
Rchb. f.
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Young leaves ofP. cornu-cervi
(Breda) Blume & Rchb. f.

The nuclear suspension was stained \
100 pl of 0.1% PI solution and incubats

for 5 minutes at room temperature.

an extraction buffer for 5 minutes

Leaf pieces were soaked with 1 ml pof

and chopped with a sharp razor blagde

ith After mixing leaf tissue and buffe
together it was filtered through 5(

MII—‘

pum nylon mesh.

Flow cytometer Beckman Coulter, Frontier Sceenc
Research Center University of Miyazaki, Miyazalapdan

Figure 20. Protocol for ploidy instability analysising flow cytometry (FCM).
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Figure 21. FCM analysis of nuclei isolated from ggueaves of 5-month-old plantlets
derived from culturing wounded protocorms on % M8dmm containing
PGRs at various concentrations.
A: 0 mg/l NAA + 0 mg/l TDZ (control)
B: 0 mg/l NAA + 0.1 mg/l TDZ
C: 0 mg/l NAA + 1.0 mg/l TDZ
D: 0 mg/l NAA + 3.0 mg/l TDZ
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Figure 21.FCM analysis of nuclei isolated from young leavé&-ononth-old plantlets
derived from culturing wounded protocorms on % M8dmm containing
PGRs at various concentrations.
E: 0.1 mg/l NAA + 0 mg/l TDZ
F: 0.1 mg/l NAA + 0.1 mg/l TDZ
G: 0.1 mg/l NAA + 1.0 mg/l TDZ
H: 0.1 mg/l NAA + 3.0 mg/l TDZ



Al Data Paints

200

77

All Data Poirts

AT

400 600 800 100(

Relative DNA content

All Data Points

125-
1]
Relative DNA content
All Crata Points
25 — 50 —
K.
125- % 25 —
A
0 - T PR 0

Relative DNA content

I
0 200 400 600 SO0 100C o
FLL2

S k.
200 400 600 500 100K

Relative DNA content

Figure 21. FCM analysis of nuclei isolated from ggueaves of 5-month-old plantlets

derived from culturing wounded protocorms on % M8dmam containing

PGRs at various concentrations.
[: 1.0 mg/l NAA + 0 mg/l TDZ

J: 1.0 mg/l NAA + 0.1 mg/l TDZ
K: 1.0 mg/l NAA + 1.0 mg/l TDZ
L: 1.0 mg/l NAA + 3.0 mg/l TDZ
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Figure 21. FCM analysis of nuclei isolated from ggueaves of 5-month-old plantlets
derived from culturing wounded protocorms on % M8dmm containing
PGRs at various concentrations.
M: 0.1 mg/l TDZ + 0.1 mg/l BA
N: 0.1 mg/l TDZ + 1.0 mg/l BA
0O: 0.1 mg/l TDZ + 3.0 mg/l BA
P: 0.1 mg/l TDZ + 10.0 mg/l BA
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3.1.7 Plant regeneration and transfer to the gmesth
Survival rate of plantlets after 2 months of cudtun the greenhouse
was 100% (Figure 22).
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Asymbiotic germination of seeds aft
49 days of culture on MS +15% CW.

1%
—_

PLB derived from culturing wounded
protocorms on % MS+0.1 mg/l NAA
and 0.1 mg/l TDZ combination.

Protocorms at thonths after sowing.
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\
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New PLB formation from culturing wounded primary®bn %2 MS medium
supplemented with 0.1 mg/l NAA and 0.1 mg/l TDZeaf4 and 5 months of
culture, respectively.
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Well-developed plantlets with roots.

Two-months-old acclimatized
plantlets grown in the greenhouse

Transplanted into plastic bas}

Figure 22. Establishment of micropropagation protoof P. cornu-cervi (Breda)
Blume & Rchb. f. through protocorms. (Bar = 1 cm)
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3.2 Cryopreservation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

3.2.1 Effects of cryopreservation methods and agfegprotocorm on

survival rate of cryopreserved protocorms.

Protocorms derived from 49 days anan@nths of culture (Figure
23) were cryopreserved by various methods, sucldiestly plunged into liquid
nitrogen tank, encapsulation-vitrification methochda encapsulation-dehydration
method. The results showed that no survival protacavas obtained from those
methods of cryopreservation. However, encapsulatagether with vitrification or
dehydration protocorms without storing in LN couklrvive at 10 to 27%.
Encapsulation with dehydration gave the better ltesthan encapsulation with
vitrification. Moreover, the older protocorms (23nth-old protocorms) gave the better
results than younger protocorms (49-day-old pratos) (Table 8).

Figure 23. Asymbiotic germination of seedsPofcornu-cervi (Breda) Blume & Rchb. f.
on MS medium supplemented with 15% (v/v) CW. (Bacwi)
A: 49 days of protocorms on germination medium.
B: 2months of protocorms on germination medium.
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Table 8 Effects of cryopreservation methods and aggrotocorm on survival rate of

cryopreserved protocorms on regrowth medium afteoBths of culture.

Survival rate (%)

Cryopreservation methods (MeanzS.E.)
(-LN) (+LN)
Protocorms, 49 days old 100.00+G00 O
Protocorms, 2 months old 100.00+0.00 0
Protocorms, 49 days old+encapsulation-vitrificatiSe. 0.00+0.00 0
Protocorms, 2 months old+encapsulation-vitrificatis C. 12.00+1.53 0
Protocorms, 49 days old+encapsulation-vitrificatdaiC. 0.00+0.00 0
Protocorms, 2 months old+encapsulation-vitrificatR5°C.  10.67+0.67 0
Protocorms, 49 days old+encapsulation-dehydration. 18.33+0.88 0
Protocorms, 2 months old+encapsulation-dehydration 26.67+1.67 0

Means followed by different letters within coluname significantly different
from others at 5% level by DMRT.
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3.2.2 Effects of dehydration time on survival raté cryopreserved
encapsulated PLB.

The encapsulated PLB were dehydrated under steridow at 80
ft/min from the laminar air-flow cabinet at 25+1°fr various time resulted in
continually decrease of water content (Figure 24). 2Vater content decreased to
12.36% after 7 hours of dehydration under the |lamair-flow cabinet. No survival rate
was obtained from 0-7 hours of dehydration PLBradtering in LN for 1 day (Table
9).

Figure 24. Explants were used to study the effettiehydration time on survival rate

of cryopreserved encapsulated PLB. (Bar=1 cm)

A:New PLB derived from culturing wounded primany.B on 2 MS
medium supplemented with 0.1 mg/l NAA and 0.1 mpDZ for 4
months.

B: Encapsulated PLB placed on open Petri-dishesapdsed to sterile air-
flow at 80 ft/min from the laminar air-flow cabinet 25+1°C for 0-7
hours.
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Figure 25 Water content of encapsulated PLB during varionne tof dehydration (0-7

hours) in a laminar air-flow cabinet at 25+1°C.
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Table 9 Effects of dehydration time on survivaleratf cryopreserved encapsulated
PLB.

Dehydration duration Survival rate (%) (MeanzS.E.)
(Hours) (-LN) (+LN)

0 100.00+0.00 0
76.67+3.33
73.33+3.33
50.00+0.00
46.67+3.33
35.00+2.89
32.33+1.86°
26.67+1.67

~N o o~ WN P
o O O O O O o

Means followed by different letters within colummeasignificantly different
from others at 5% level by DMRT.

3.2.3 Effects of cold-hardening and dehydrationetion survival rate of
cryopreserved encapsulated PLB.

Encapsulated PLB were cold-hardened for 4 days+af@ For
osmotic desiccation, encapsulated PLB were plaoed sterile filter paper laid in open
Petri dishes (9 cm in diameter) and then exposeatetde air-flow at 80 ft/min from the
laminar air-flow cabinet at 25+1°C for 0-210 minsif§igure 26). Changes in the water
content of the cold-hardening beads and survivée @& cryopreserved PLB are
presented in Figure 27 and Table 10 respectiveig. iitial water content of the cold-
hardening beads was 92.51% on a fresh weight (efses cold-hardened for 4 days at
8+£1°C). Water content decreased to 82.32% after hittutes of dehydration under
laminar air-flow cabinet and was recorded to b&®% after 210 minutes. Survival rate
was not obtained from 0-120 minutes of dehydraéfiar cryopreservation (Table 10).

This method was not suitable for cryopreservation.
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Figure 26. Explants were used to study the effettsold-hardening and dehydration
time on survival rate of cryopreserved encapsulBigdl. (Bar=1 cm)
A: Cold-hardened-encapsulated PLB for 4 days at8+1
B: Encapsulated PLB placed on open Petri-disheseapdsed to sterile air-

flow at 80 ft/min from a laminar air-flow cabinet 285+1°C for 0-210
minutes.
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Figure 27 Water content of encapsulated PLB during varioubydeation periods

(0-210 minutes) in a laminar air-flow cabinet at=2%C.



89

Table 10 Effects of cold-hardening and dehydratiiome on survival rate of cryo-

preserved encapsulated PLB.

Dehydration duration Survival rate (%) (MeanzS.E.)

(Minutes) Cold-hardened Non Cold-hardened
(-LN) (+LN) (-LN) (+LN)

0 73.33+1.67 0 100.00+0.00 0

30 63.33+1.67 0 88.33+1.67 0

60 48.33+1.67 0 73.33+1.67 0

90 38.33+1.6% 0 53.33+3.33 0
120 36.67+1.67 0 50.00+0.0% 0
150 30.00+2.89 0 43.33+3.3% 0
180 26.67+1.67 0 36.67+3.3% 0
210 21.67+1.67 0 33.33+3.3% 0

Means followed by different letters within colummeasignificantly different
from others at 5% level by DMRT.
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3.2.4 Effects of sucrose pretreatment and dehynraime on survival
rate of cryopreserved encapsulated PLB.

To determine the optimal duration of sucrose ptece)
encapsulated PLB were precultured in ND liquid medisupplemented with different
concentrations of sucrose (0, 0.1, 0.3 M) at 25+t day and then exposed to sterile
air-flow at 80 ft/min from the laminar air-flow cadet at 25+1°Cfor 0-7 hours. The
results revealed that survival rate of PLB were ingproved by this procedure. All
encapsulated PLB died after cryopreservation infiNL day (Table 11). Water content
of encapsulated PLB after dehydration at varionses was showed in Figure 28.
Preculture of PLB in high concentration of sucr{@& M) caused a gradually decrease
in water content whereas low concentration (0.10Myvithout sucrose caused sharply
decrease in water content after dehydration. ERengh water content in PLB or bead
could be adjusted to a low level, survival rateRafB after storing in LN was not

obtained.
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Figure 28. Water content of encapsulated PLB obthifinom sucrose pretreatment and

dehydration time (0-7 hours) in a laminar air-floabinet at 25+1°C.
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Table 11 Effects of sucrose pretreatment and deltigdr time on survival rate of

cryopreserved encapsulated PLB.

Dehydration Survival rate (%) (MeanzS.E.)

times 0 M Sucrose 0.1 M Sucrose 0.3 M Sucrose

(hours) (-LN) (+LN) (-LN) (+LN) (-LN) (+LN)
0 100.00+0.00 0 76.67#+3.33 0 66.67+3.33 0
1 76.67+3.33 0 60.00+45.77 0 53.33+3.33 0
2 73.33+3.33 0 46674333 0 36.67+6.67 O
3 56.67+3.33 0 36.67+6.67 0  30.00+57¥ 0
4 53.33+6.67 0  40.00+¢5.7# 0 2333+33%3 0
5 46.67+3.3%8° 0  26.67#3.33 0 6.67+3.33 0
6 43.33+3.3% 0  20.00+0.006 0 3.33#333 0
7 36.67+3.33 0 16.67+43.33 0 0.00£0.00 0

Means followed by different letters within columreaignificantly different

from others at 5% level by DMRT.
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3.3 Alginate-encapsulation, short-term storage and plantlet regeneration from
PL B of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

3.3.1 Effects of different storage conditions anteilvals on their
conversion ability ofPhalaenopsis cornu-cervi (Breda) Blume &

Rchb. f.

In vitro derived PLB ofP. cornu-cervi (Breda) Blume & Rchb. f.
were encapsulated as synthetic seeds preparati@iglmate encapsulation, and then
stored in artificial endosperm solution at 4+1°G18C and 25+1°C conditions in
interaction with different storage intervals of B®, 45, 60, 75, 90, 105, 120, 135, 150,
165 and 180 days to evaluate the comparative regroapacity of synthetic seeds.

Among the three temperature regimes, room temperg2b+1°C)
storage gave promising results for germination agstles. Conversion percentage of
synthetic seeds decreased from 35% to 11.67% afiedays of storage at 8+1°C.
However, the PLB stored more than 30 days in swcidiion gave no germination at
all (Table 12, Figure 29). Encapsulated PLB stoatd4+1°C lost their viability
completely (Table 12).
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Table 12Effects of different storage temperatures and toneconversion of encap-

sulated PLB ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Storage temperature  Storage duration Conversioari8.E.)
(°C) (days) (%)

4+1°C 15 0.00+0.00
30 0.00+0.00
45 0.00+0.00
60 0.00+0.00
75 0.00+0.00
90 0.00+0.00
105 0.00+0.06
120 0.00+0.06
135 0.00+0.06
150 0.00+0.06
165 0.00+0.06
180 0.00+0.06

8+1°C 15 35.00+2.89
30 11.67+1.67
45 0.00+0.00
60 0.00:+0.00
75 0.00+0.00
90 0.00+0.00
105 0.00+0.06
120 0.00+0.06
135 0.00+0.06
150 0.00+0.06
165 0.00+0.06
180 0.00+0.06

25+1°C 15 100+0.00

30 100+0.00
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Table 12Effects of different storage temperatures and toneconversion of encap-

sulated PLB ofPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Storage temperature  Storage duration Conversioairi18.E.)
(°C) (days) (%)

25+1°C 45 *
60 *

75 *

90 *

105 *

120 *

135 *

150 *

165 *

180 *

* Encapsulated PLB germinated when storing in ltétetri dishes.
Means followed by different letters within colummeasignificantly different
from others at 5% level by DMRT.
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Figure 29 Short-term storage and regeneration of encapsuRt® of P. cornu-cervi
(Breda) Blume & Rchb. f. (Bar=1 cm)

A: New PLB derived from culturing wounded primariBon Y2 MS Medium
supplemented with 0.1 mg/l NAA and 0.1 mg/l TDZ donation after 4 months.

B: Calcium alginate bead with PLB Bf cornu-cervi (Breda) Blume & Rchb. f.

C: Encapsulated PLB stored at 4+1°C for 15 dayssthasr viability completely.

D: Plantlets with well-developed shoots and rodtisr&.5 months of culture on ND
medium supplemented with 4% (w/v) sucrose withvat#id charcoal, regenerated
from encapsulated PLB after 15 days of storingtar@g.

E, F: Conversion of PLB to shoots in sterile Pdigshes from encapsulated PLB after
45 and 60 days of storing at room temperature (251



Figure 30 Healthy plantlets derived from different storagenperatures and time on
germination of encapsulated PLB & cornu-cervi (Breda) Blume &
Rchb. f. after 4 months of culture on ND medium @amented with 4%
(w/v) sucrose and 0.2% (w/v) activated charcoahréB cm)
A: Control plantlets
B: Plantlets derived from encapsulated PLB stoah8+1°C for 15 days.
C: Plantlets derived from encapsulated PLB stoaingt1°C for 30 days.
D: Plantlets derived from encapsulated PLB stoahg5+1°C for 15 days.
E: Plantlets derived from encapsulated PLB stoang5+1°C for 30 days.
F: Plantlets derived from encapsulated PLB stoang5+1°C for 45 days.



Figure 30. Healthy plantlets derived from differestbrage temperatures and time on

germination of encapsulated PLB & cornu-cervi (Breda) Blume &
Rchb. f. after 4 months of culture on ND medium @amented with 4%
(w/v) sucrose and 0.2% (w/v) activated charcoahréB cm)

G: Plantlets derived from encapsulated PLB stoang5+1°C for 60 days.

H: Plantlets derived from encapsulated PLB stoahg5+1°C for 75 days.

I: Plantlets derived from encapsulated PLB stoahg5+1°C for 90 days.

J: Plantlets derived from encapsulated PLB stoaing5+1°C for 105 days.

K: Plantlets derived from encapsulated PLB stoehg5+1°C for 120 days.

L: Plantlets derived from encapsulated PLB stoehg5+1°C for 135 days.



Figure 30. Healthy plantlets derived from differestbrage temperatures and time on
germination of encapsulated PLB & cornu-cervi (Breda) Blume &
Rchb. f. after 4 months of culture on ND medium @amented with 4%
(w/v) sucrose and 0.2% (w/v) activated charcoahré8 cm)
M: Plantlets derived from encapsulated PLB stoehg5+1°C for 150 days.
N: Plantlets derived from encapsulated PLB stoahg5+1°C for 165 days.
O: Plantlets derived from encapsulated PLB stoang5+1°C for 180 days.
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3.3.2 Ploidy instability analysis using flow cytotme(FCM).
FCM analysis of plantlets at 5 months after cultargation derived
from either control or different storage temperasushowed the same pattern of relative

DNA content peak. There was no change in the pl&Edgl was observed (Figure 31)
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Figure 31. FCM analysis of nuclei isolated from ggueaves of 5-month-old plantlets
derived from encapsulated PLB which were storedaaibus temperatures
and time.

A: Plantlets derived from culturing wounded prim&yB on ¥2 MS
medium supplemented with 0.1 mg/l NAA and 0.1 nigdlz (Control).
B: Plantlets derived from encapsulated PLB stoah8+1°C for 15 days.
C: Plantlets derived from encapsulated PLB stoang+1°C for 30 days.
D: Plantlets derived from encapsulated PLB stoahg5+1°C for 30 days.



CHAPTER 4

DISCUSSION

4.1 Micropropagation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

4.1.1 Seed germination, protocorm formation andtadevelopment.

The seeds oPhalaenopsis cornu-cervi (Breda) Blume & Rchb. f.
germinated on MS medium supplemented with 15% (@bgonut water (CW) within
49 days. Each species of orchid has been repaontetsd specific culture media for
germination of seeds (Arditti and Ernst, 1984, 19@8uthet al., 2008).However, MS
medium has been used by many investigators to aeticdlly germinate of orchid
seeds of different genera includibgndrobium (Rangsayatorn, 2009; Vendrareteal .,
2007). MS medium containing highly enriched maened micro-elements and vitamins
(Murashige and Skoog, 1962). The advantage of usseds from immature capsules is
that embryos become viable and easy to surfaciizeior in vitro seed germination
(Yam and Weatherhead, 1988; Mitchell, 1989). Thehiok seeds are very small and
have a poor level of germination. Endosperm devet does not occur and the
embryo development stops at the globular stageceSihe endosperm is absent the
seeds have limited food reserves, for example lghoplets, and small amounts of
proteins. Irrespective of these limitations the hadcseeds can germinaie vitro
(Knudson, 1946; Arditii, 1967).

Formation of orchid seedlings from the seeds inesithree
successive phases: germination, formation of postoc and seedling development.
Germination of orchid seeds started by passageatdnthrough the testa of the seeds.
Early germination is recognized by observing thiercand shape of the seeds. The first
visible signs of germination are swelling of theleyo followed by turning green and
emergence of the breasted seed coats. This isdc#tie spherical stage, and
subsequently develops into the protocorm stagelated into the swelling stage. The
formation of rhizoids in the protocorm is a unideature of Orchidaceae. Subsequent

cell division occurs in the apical and basal regiaf the protocorm and in leaf
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primordia; morphogenesis is started from the shoetistem. Later, the first root is
formed endogenously (Mitret al., 1976).

Activated charcoal supplemented in culture mediuronmmotes
further development of the seedlings. In this pnestudy, the seedlings showed faster
growth on MS medium supplemented with 0.2% (w/\)vated charcoal. The positive
properties of activated charcoal might adsorb urtiled morphogeneticaly active or
toxic substances, 5-hydroxy-methylfurfural, whicghproduced by the dehydration of
sucrose during autoclaving, especially inhibitohepolics and carboxylic compounds
produced by cut or damaged tissues, and excessimeohes and vitamins in the media
like the report of Pan and van Staden (1998). Mageat plays a role in its positive
effect on development of protocorms. However, #suiits from this study showed that
activated charcoal is not necessary during the stalges of seedling growth but had a

critical role in further development of the seedén

4.1.2 Effects of culture media on growth and PLRiuction from

protocormgn vitro.

This study was undertaken to evaluate the growt obrnu-cervi
(Breda) Blume & Rchb. f. seeds as influenced bgdlsommonly used culture media in
orchid. Our results showed that ND and MS mediumevgaiperior to VW medium and
both media containing 15% (v/v) coconut water (Cydyve better results than those
without CW. CW is known to act like a cytokinin sténce, hence promote cell
division and growth of the protocorms (Bonga andeékds,1992). However, in this
present study all culture media could not induce @ultiply PLB. Beside seeds, other
explants also showed a high potential for PLB inidug such as leaf explants Bf
amabilis (Chen and Chang, 2006) and root tip®ofitaenopsis. (Parket al., 2003).
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4.1.3 Effects of ascorbic acid and culture medid?aB induction from
bisected and protocornns vitro.

Bisected protocorms cultured in VW liquid mediunpglemented
with 150 mg/l ascorbic acid in the present studyegne best proliferation of PLB at 21
PLB/explant after being cultured for 50 days. Thieeo explants in VW liquid culture
media caused browning or blackening of media &@days of culture. Even bisected
protocorms cultured in ND liquid medium containi@gconcentrations of ascorbic acid
tested turned black and could not produce the niel: Panaka and Sakanishi (1977)
reported that phenolic exudation caused poor regéoe capacity inPhalaenopsis
tissue culture. The tissue blackening or browniagsed by the oxidation of phenolic
compounds which are exuded from cut surfaces ofeip of woody plants, fruits, and
vegetables and caused a serious problem in estialgjis vitro cultures (Yildizet al.,
2007). The exudates inhibit growth and eventuadlyse tissue necrosis. Enzymes, such
as polyphenoloxidase (PPO) and peroxidase (PODicipate in blackeningn vitro
cultures (Pizzocaret al., 1993; Down and Norton, 1995; Whitaker and L&95) and
catalyze oxidation of phenolic compounds.

PPO-catalyzed tissue blackening can be preventedhbynical,
enzymatic and physical treatments (Lauetaal., 1998). However, these treatments
often cannot be used im vitro culture. It has been recommended that activated
charcoal, ascorbic acid, citric acid, and sodiutoritie can be added to culture medium
to limit in vitro tissue blackening (Pizzocaeb al., 1993). Attempts in propagation of
those plant species through tissue culture teclenive had limited success due to the
oxidative browning of explants (Ziv and Halevy, B9®aivaet al., 2004; Kantharajet
al., 2008).The browning and subsequent death of cultured aipia a major problem
that is usually dependent on the phenolic compoamdisthe quantity of total phenols
(Ozyigit, 2008). Phenolic compounds occur as seagnehetabolites in all plant species
(Antolovich et al., 2000; Kefeliet al., 2003). The phenols are synthesized by the plants
and in many cases excreted and then oxidized (@z2@08). In tissue culture studies,
phenolic substances, especially oxidized phenolnergdy affected in Vvitro
developmentnegatively (Arnaldost al., 2001). Oxidized phenolic compounds may

inhibit enzyme activity and result in the darkening the culture medium and
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subsequent lethal browning of explants (Compton Rrece, 1986; Laukkanenhal.,
1999).

The antioxidant, ascorbic acid, was selected dmst been used
successfully in the past to inhibit the exudatidnpbenols and to reduce oxidative
browning in various plant species (Arditti and Eyri®993; George, 1996; Abdelwakd
al., 2008). Ascorbic acid is able to scavenge oxygelicals produced when the plant
tissue is wounded, therefore protecting the cetdnfoxidative injury. The oxidative
browning of explants tissue is reduced by ascasbid detoxifying these free radicals
(Titov et al., 2006). Thus, ascorbic acid is useful and effeciin managing the problem
of phenolics and improving plant growithvitro (Abdelwahdet al., 2008). Northet al.
(2012) reported that activated charcoal vegnificantly found to reduce the total
phenol content of media by 53%, compared with dscoacid. Furthermore, the
wounding of explants significantly increased phenekudation.

Tissue injury stimulates the production of phen@odds and
Roberts, 1995) and phenolic exudation is exaggeiateesponse to wounding (George,
1993; Zeweldu and Ludders, 1998; Strossal., 2009). The deposition of phenolic
acids in plant cell walls is an important defensechanism (Bolwelkt al., 1985; Pan
and van Staden, 1998; Ndakidemi and Dakora, 20@dth exerts an inhibitory growth
function when they are excreted from the plant @ledt al., 2003). When cells are
damaged, like the wounding performed in this stulg,sub-cellular compartmentation
is lost, enabling the contents of cytoplasm andighes to mix and phenolic compounds
readily become oxidized by air (Compton and Pre&886; Laukkanert al., 1999).
Phenol oxidation and exudation takes place in thsesered surface cells (Ozyigit,
2008). Oxidized phenolic compounds may inhibit eneyactivity and result in
darkening of the culture medium and subsequenaliéfowning of explants (Compton
and Preece, 1986; Laukkangral., 1999).

Phenolic concentration is often affected by sevarwrnal and
external factors (Zapprometov, 1989). Some nusi€htix-Endrichet al., 2000) and
some stress factors like drought, water, radiatiod pathogen infection from injured
surfaces effect concentrations of the phenolicglamts (Zapprometov, 1989; Kefedi
al., 2003). The various PGRs concentrations may taffeenolic exudation as phenols
are reactive compounds (Lux-Endrietral., 2000).
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In the future, ascorbic acid together with actidatdarcoal might
be incorporated in culture media for a comparastugly to elucidate the most effective
in reducing phenolic compound exudation. Activatdthrcoal is commonly used in
tissue culture media to improve cell growth andedegment (Pan and van Staden,
1998; Thomas, 2008). The beneficial effects ofvattid charcoal may be attributed to
its irreversible adsorption of inhibitory compounds the culture medium and
substantially reduce the toxic metabolites, phenatiudation and exudate accumulation
(Fridborg et al., 1978; Thomas, 2008). This high adsorptive capasi due to the
structure of activated charcoal. It has a very fieéwork of pores with a large inner
surface area on which many substances can be ads{Pan and van Staden, 1998;
Dabrowskiet al., 2005; Thomas, 2008).

4.1.4 Effects of starting explants and PGRs on RitBiation.

No effect of PGRs was observed on PLB inductiormfrieaf
segments oP. cornu-cervi (Breda) Blume & Rchb. f. However, Nayakal. (1997a)
reported that leaf segmentsAxfampe praemorsa could produce PLB. Chen and Chang
(2006) also reported PLB formation from leaf expdaof P. amabilis after 45 days of
culture. The successful PLB induction from cultgrieaf explants might depend upon
genotype and PGRs containing in culture medium.F-@ornu-cervi (Breda) Blume &
Rchb. f. in the present study, leaf explants preduenormous phenolic compounds
leading to the failure in PLB formation. Thus, tmext investigation should be
concentrated on a higher concentration of plantwtroregulators together with
antioxidant, e.g. ascorbic acid, polyvinylpyroligo(PVP) or activated charcoal alone or
in combination.

Among four different explant types, the woundedi@pcorms were
feasible. Culture method of wounded protocorm dbedrhere is an efficient vitro
technique for the rapid propagationffcornu-cervi (Breda) Blume & Rchb. f. In the
PGR-free ¥2 MS medium, only about 30% of woundedqmarms developed into PLB.
The results obtained in the present study werelairto those reported by Yast al.,
(1991) and Parlket al., (2000) which found that trimmed protocorms & basal part
promoted PLB multiplication ifPhalaenopsis. In our culture system, wound treatment
caused by the cutting process played an importsetin the formation of new PLB.
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Our experiments showed that wounding can bring alleel production of a higher
number of new PLB on the original protocorms or PbBt it also caused the death of
some of the wounded protocorms. Thus, it could drecleided that protocorms with
wound produced new PLB at greater numbers tharetivith untrimmed or unwounded
ones.

Between the two cytokinins tested (BA, TDZ), TDZsneffective
in the PLB induction from wounded protocorm segraeot P. cornu-cervi (Breda)
Blume & Rchb. f. The types and concentrations oRB@layed an important role in
vitro propagation of many orchid species (Arditti andggr 1993). In this present study,
TDZ was more effective than BA for inducing PLB rfwation inP. cornu-cervi (Breda)
Blume & Rchb. f. It was also clearly shown that TBI&ne was more effective than BA
in PLB induction and proliferation. This result wadso in agreement with the
observations inCymbidium ensifolium var. misericors. (Chang and Chang, 1998),
Phalaenopsis and Doritaenopsis (Ernst, 1994),Epidendrum radicans (Chenet al.,
2002),Doritaenopsis (Parket al., 2003), andPhalaenopsis (Kuo et al., 2005). Recently,
TDZ has been used in orchid tissue culture forotmripurposes due to its remarkable
ability to induce callus or organogenesis. TDZ icelli callus formation from various
explants, especially when it was used along witheeiNAA or 2, 4-D (Huan and
Tanaka, 2004). Induction of organogenesis and soreatbryogenesis using TDZ has
been reported in several orchid species (Ernst4;188en and Piluek, 1995; Nayak
al., 1997b; Chen and Chang, 2001). However, auxingnm of NAA are no longer
need to combine with TDZ in this study. It might pessible that the species being
studied could produce a large quantity of endogsrauxins itself. Thus, there is no
need to add exogenous auxins. By addition of auxiagative effect was observed. A
high frequency of browning of protocorms was olediteading to the failure of vitro
propagation of this orchid species.

Formation of PLB can be classified into two typ€ke first is the
direct formation of PLB from protocorms, shoot tigsot tips, and stem segments
through somatic embryogenesis (Labal., 2008; Mayeret al., 2010; Nainget al.,
2011). The second is the formation of PLB throughus. (Honget al., 2008; Huang
and Chung, 2010; Ng and Saleh, 2011). Inghesent study, PLB dP. cornu-cervi
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(Breda) Blume & Rchb.f. developed directly from tipeotocorms without callus
formation.

PLB from both the PGR-free medium and in the preseri NAA,
TDZ or BA caused browning or blackening of mediteiab weeks of culture. Upon
transfer PLB to hormone-free medium supplementetth 6% (v/iv) CW and 0.2%
(w/v) AC, PLB converted into healthy plants. Browgior blackening of cultured
explants caused by wounding. This activity promotbed formation of phenolic
substances under the control of polyphenol oxiddsmaka and Sakanishi (1977)
reported that phenolic exudation caused poor regéom capacity inPhalaenopsis
tissue culture. This inhibitory effect may be rethtto the size and differential
sensitivity of various explants (Seeni and Lath@92). In this present study, AC in
culture media seems to reduce exudates, thus esdhaRtB development. PLB
converted into healthy plants with well-developedves and roots when cultured on
culture medium supplemented with AC and kept unalet6-h photoperiod for 5
monthsin plant tissue culture, AC has been widely usedstimulate rooting of
micropropagated shoots since it can absorb boibitohy substances and cytokinins in
the culture medium. Moreover, it is suggested thatAC favors the establishment of a
balance of endogenous auxins and cytokinins thatlittdes root formation by
decreasing decomposition of endogenous IAA underliht condition (Pan and van
Staden, 1998). Eymaat al. (2000) observed that the addition of AC increaaad
maintained pH levels during culture, increased tieogen uptake and improved
growth and visual aspects of the explants and estitlze inhibitory effect of exogenous
cytokinin on root growth. In this present study, ACculture media seems to reduce
exudates, thus, enhanced frequency of PLB protitearaand further development of
those PLB into healthy shoots or plants.

The present study is the first report to show tRaB can be
induced and proliferated from wounded protocormmsags ofP. cornu-cervi (Breda)
Blume & Rchb. f. on culture media containing CW.wéver, the use of culture media
supplemented with plant growth regulators solidifievith agar also effective on
initiation of PLB and eventually regeneration ipantlets. These protocols are simple,
inexpensive and bring about the production of agdanumber of plantlets by
germinating seeds and PLB induction in a shortgoenf time. This research has
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demonstrated thaP. cornu-cervi (Breda) Blume & Rchb. f. can be successfully

propagated via PLB induction.

4.1.5 Effects of culture media, concentrations wfrese and activated

charcoal on plantlet growth.

ND medium supplemented with 4% (w/v) sucrose inghesence
of AC gave the highest survival rate, plantlet heigresh weight, number of leaves per
plantlet, leaf length, leaf width, number of rooper plantlet and root length.
This medium was suitable for the conversion of Rhf® plantlets. Generally, 2-4%
(w/v) sucrose is used as carbon source in cultie@ium. The results from the present
study suggest that the growth of monopodial orchitchfluenced by sucrose. However,
an optimum concentration of sucrose depended ariespeNormally,n vitro condition
has low CQ concentration and not sufficient light energy. 8axbon sources are very
important components fan vitro growth and development. Sucrose is widely used but
other sugars were reported farvitro propagation of orchid, such as glucose, fructose,
sorbitol, maltose and trehalose (Isl&ral., 1998). In case of somatic embryogenesis,
the carbohydrate source has also been reporte@ mnhmportant parameter in the
conversion of embryos into plantlets. Jheag al. (2006) reported that higher
concentrations (1 and 2%) of the different typesabohydrate (sucrose, maltose and
trehalose) were tested and the results revealeditdfa concentrations of those sugars
gave higher fresh weight than that obtained fromItdwer concentration (0.5%). The
source of carbon containing in culture media is exyvimportant forin vitro
micropropagation of orchid and other plant spedi&mbon sources were added to the
culture medium because of light energy deficienogt bbw CQ concentration present
in in vitro conditions. Plants cultureid vitro often showed a low photosynthetic rate
and incomplete autotrophy (Faegal., 2004). Sugar acts as a carbon and energy source
and also acts as an osmotic regulator in the imgluehedium. Sucrose is commonly
used in tissue culture media. Fagtaal. (2004) reported that the presence of 6% (w/v)
sucrose in the medium was the most efficient treatnfor increasing height and fresh
weight of Dendrobium nobile in vitro culture.

The beneficial effects of AC could be due to pesitstimulation
of many developmental processes (van Winkle andimaal, 2006) and its ability to
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absorb the phenolic compounds, which can injurengivtissues. Since AC is also
known to adsorb gases, it is possible to spectiftesome of its effects are ethylene
adsorption. Good growth and developmentRbllaenopsis plantletsin vitro were
obtained when culture media were supplemented &2Bo (w/v) AC (Hinnenet al.,
1989; Ernst, 1994) or 0.5% (w/v) AC (Paatkal., 2000). Similar observations were also
reported inVanda coerulea Griff ex. Lindl (Seeni and Latha, 2000). AC incsed the
number and the length of roots. AC has both belaéfannd harmful effects in culture
medium, depending upon the medium, explants, aalt growth regulators used. The
beneficial effects of AC on tissue responsesitro could be attributed to providing a
dark environment by darkening the medium (Dumas Modteuuis, 1995) adsorption
of harmful substances produced by either culturaian@r explant (Fridborg and
Eriksson, 1975; Fridborgt al., 1978), adsorption of plant growth regulators attter
organic compounds (Nissen and Sutter, 1990; Weatheet al., 1978).

4.2 Cryopreservation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Usually conventional conservation of orchigsvitro entails high maintenance
costs, risk of somaclonal variation and genetitaipisity. While, cryopreservation using
liquid nitrogen played an important technique fond-term preservation, since it
required small space and did not cause geneticaaitin because the extremely ultra-
low temperature (-196°C) cloud stop all biologiaativities.

Encapsulation-dehydration method is one of thefigiéition methods based on
cryopreservation techniques. Compare to otherficaition methods, the manipulation
of encapsulated explants by this method is easy ramdtoxic cryoprotectants are
applied to protect the explants during dehydraf®akaiet al., 2000). Cryopreservation
is an important technique for long-term preservataithout genetic alteration. The
encapsulation-dehydration method, encapsulated espimto alginate gel are

osmoprotected with high sucrose before air-dryimgj plunge into liquid nitrogen.
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4.2.1 Effects of cryopreservation methods and amjeprotocorms on
survival rate of cryopreserved protocorms.

There are several factors that can influence tis¢-thaw recovery
of cryopreserved explants (Skerlg al., 2008). In this reports, effects of cryo-
preservation methods and ages of protocorms onivailirvate of cryopreserved
protocorms was evaluated. The results showed thatsurvival protocorms was
obtained from those methods of cryopreservatiomwéd@r, encapsulation together with
vitrification or dehydration protocorms without gtag in LN could survive at 10 to
27%. Encapsulation followed by dehydration gavelbter results than encapsulation
followed by vitrification. Moreover, older protoaos after germination (2-month-old
protocorms, 3-4 mm protocorms size) gave the bedtgults than younger protocorms
(49-day-old protocorms, (1-2 mm protocorms size).

The developmental phase of plant material affettedsuccess on
cryopreservation (Let al., 2009). Therefore, suitable physiological stadfi®xplants
could be a key point to raise tolerance to liquidogen treatment in cryopreservation
(Takagiet al., 1997). In the present study, non-cryopreserveld & size of 3-4 mm
gave the better survival rate in comparison witlotgeorms at size of 1-2 mm.
Moreover, the survival rate was also based on kollon regrowth medium. Explants
which are too small often suffer with more mechahiojury (Boucaudtt al., 2002). In
cryopreservation of garlic shoot apices, explanth Wwase diameter at 3 mm gave rise
to more than 90% of post thaw regeneration (Baiekt., 2003). Khoddamzadeti al.
(2011) reported the success in cryopreserved ot ofPhalaenopsis Blume at size
ranging from 3 to 5 mm in diameter by encapsulaimglginate bead. Similar results
were also obtained from this present study whiadwsd that bigger explants (3-4 mm
protocorms) resulted in the increment of survivalerin comparison with smaller
explants (1-2 mm protocorms). This data supporsvibw that smaller explants (1-2
mm) subjected to higher mechanical injury duringppreservation.

4.2.1.1 Encapsulation-vitrification
Vitrification refers to the physical process by wlhia highly
concentrated aqueous solution solidifies into asgylasolid at sufficiently low
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temperature without crystallization (Hoegal., 2009). Thus, it is essential to enhance
the dehydration tolerance of plant tissues to thidigation solution.

In the present study, protocorms derived from 49sdand 2
months of culture were precultured in ND liquid mad supplemented with 0.3 M
sucrose for 3 days on a rotary shaker at 110 rpal(Z0) before dehydrating with
PVS2, then encapsulation in algenate bead. Encpsuthe protocorms were loaded in
a loading solution containing 2.0 M glycerol andt 0 sucrose for 60 minutes at
25+1°C, then directly dehydrated with PVS2 solutaineither 25+1°C or 0°C for 60
minutes. Unfortunately, by those procedures, novigal rate of protocorms was
obtained from those protocorms after storing in LN.

For cryopreservation protocols, direct exposuréhwvitrification
solution is harmful due to osmotic stress or chairigxicity which has been described
as a major hindrance to cryopreservation by wviiion (Matsumotat al., 1994). In
addition, osmotolerance is rarely achieved by gdtecei with sucrose alone. Therefore,
a loading treatment with a load solution containiragious amounts of sucrose and
glycerol is commonly used (Xu al., 2008). Loading treatment can be done either by
mixing the loading solution in the alginate mat in case dbendrobium cariniferum
Rchb. f. or incubating the encapsulated beads & ltlading solution for various
duration before treating with PVS2 as in caseDofcandidum PLB (Yin and Hong,
2009).

Ishikawa et al. (1997) reported that zygotic embryos of the
Japanese terrestrial orchiBlgtilla striata incubated in a loading solution containing 2.0
M glycerol and).4 M sucrose for 15 minutes at 25°C gave the sighegeneration
frequency of zygotic embryos at 60%. In casédotandidum, loading treatment of a
mixture of 2.0 M glycerol and 1.0 M sucrose enhansarvival and regeneration of
PLB (Yin and Hong, 2009). Highest survival perceeteof cryopreserved PLB of
D. nobile Lindl. was obtained when encapsulated PLB wergdefor 60 minutes with
a loading solution prior to dehydration (Mohamyal., 2012). Similar results were
obtained in cryopreservation protocormsDofcariniferum Rchb. f. by encapsulation-
vitrification method (Pornchuti and Thammasiri, 8D0O’he reason of applying loading
solution in the bead is to avoid the intracellulee formation as the PLB remain in

direct contact with the loading solution. But as Higinate bead itself contains a major
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amount of water which may result in extra cellulee crystals formation, a further
treatment with loading solution for different ducat is preferable.

Incubation period and temperature of the vitrifieatsolution are
two important factors affecting survival rate ofyapreserved plant tissues.
Overexposure of plant tissues to the vitrificatemiution may lead to chemical toxicity
and excessive osmotic stress. The optimal expdsuee for PVS2 varies with plant
species and depends on the temperature during @ep(fsonget al., 2009)In earlier
reports the optimal exposure time to PVS2 at 25#24fed for different orchid species
(Thammasiri, 2000; Pornchuti and Thammasiri, 2008&; and Hong, 2009However,
dehydration at 0°C also yields higher survival ratg&h the incubation time largely
extended, thus allowing for greater flexibility iandling large numbers of samples at
the same time (Wang al., 2002) A significance increase in survivability was notice
when PLB of D. nobile Lindl. were dehydrated in PVS2 solution at 0°C hwi
frequency of survival 78.1% for 115 minutes as carad to 25°C at percentage
survival rate of70.1% for 85 minutes (Mohang al., 2012). These findings are similar
to Yin and Hong (2009) who reported that survivatgentage of cryopreserved PLB of
D. candidum dehydrated with PVS2 at 25°C for 120 minutes iase&l from 76.2 to
89.4% following dehydration at 0°C for 150 minutdsterestingly, protocorms of
D. cariniferum treated with PVS2 and subjected to cryopresemdtip encapsulation-
vitrification exhibited lower survival frequency 6% (Thammasiri, 2008). Therefore,
the survival percentage by encapsulation-vitrifmatmethod could be attributed to
genotypic differences as well as differences irubation periods and temperatures of
the vitrification solution. However, survival and recovery rate of cryopresgrve
protocorms in this present study was not obtaiffdak cells treated with vitrification
solution subjected to osmotic stress. In additsmme chemicals in vitrification solution
might be up taken into the cells resulting in tayi¢Matsumotoet al., 1994; Sakai,
2000). Thus, exposures of the cells to vitrificatisolution need to be careful. It is
suggested that the components of vitrification otuand their concentrations should
be minimized under an optimization of time for defation (Charoensué al., 1999;
Tsukazakiet al., 2000). Direct exposure of germplasm to PVS2 reasrted to reduce
viability; however, stepwise increase in PVS2 caoiion could reduce this toxic
effect (Kobayashét al., 2006).
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4.2.1.2 Encapsulation-dehydration
Effects of pretreatment
Preculture of explants in suitable medium helps iorease
tolerance to dehydration and subsequent freezingNinThe addition of sucrose in the
preculture culture medium helps in osmoprotectignstabilizing cellular membranes

and maintaining turgor pressure (Valentoeeal., 2006)Higher concentrations of

osmoticum protect plant cells from desiccationipju

In the present study, it was found that all the RIfB. cornu-cervi
(Breda) Blume & Rchb. tould not withstand a sucrose concentration atM) &hen
precultured after encapsulation. The results rede#hat survival rate of encapsulated
PLB of this orchid were not improved by this progesl All encapsulated PLB died
after cryopreservation in LN for 1 day. Howeverrgase in sucrose concentration in the
preculture medium resulted in the decrement of gréege survival rate of the
encapsulated PLB. This might have been due to seaeating harmful osmotic stress
in the treated explants promoting excessive deligdraf the PLB and hence incurring
toxicity. It has long been reported that precultdieation influences upon the high
survival percentage of different explants afteropngservation in orchids (Ishikavea

al., 1997; Maneerattanarungret al., 2007)However, the survival percentage of

cryopreserved protocorms @. virgineum was reduced to 15%, when they were
precultured in a modified liquid VW medium supplerter with 0.3 M sucrose for 3

days (Pornchuti and Thammasiri, 2008)nilarly, low regrowth (13.33%) was

observed in encapsulated shoot tips [@éndrobium Walter Oumae which were

precultured with 0.3 M sucrose in agar medium ford&s (Lurswijidjarus and

Thammasiri, 2004)

Preculturing in media containing sugar is a vitapsin successful
cryostorage of tissues using the vitrification maare (Yin and Hong, 2009). High
sugar content in the cytoplasm of the tissue aidhe establishment of vitrified state
during cryopreservation and enables cells to tedahydration that can cause freezing
damage (Yin and Hong, 2009). Since, biological dampontain high amount of water
which can cause mechanical injury due to intratailand extracellular ice formation
during freezing and thawing, thus, a reduction iatex content is crucial prior to
cryopreservation (Fabiagt al., 2008; Yin and Hong, 2009). Preculturing with noeal
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containing high concentration of sucrose (0.3 M¥weported to be useful in improving
survival rate after cryopreservation of mature ikdatva et al., 1997) and immature
(Hirano et al., 2005a,b) orchid seeds. However, in cryopresinvadf D. candidum
Wall ex Lindl., preculture of PLB in 0.75 M sucros@s found to be optimum (Yin and
Hong, 2009).

Our results withP. cornu-cervi (Breda) Blume & Rchb. f. in this
present study revealed that application of a copesculture duratioand concentration
of sucrose to encapsulated PLB is essential foritmax survivability. Therefore, all
these different studies suggest that different idrapecies exhibit varying levels of

tolerance to high concentration of sucrose.

Effect of dehydration

The control of water content of plant samples befogezing is the
key factor in successful in cryoprotection prot@ec@Zhanget al., 2001). The water
content of the encapsulated beads was removedthyobmotic dehydration and sterile
air-flow. Earlier studies suggested that insuffitielehydration of the cells or tissues
caused intracellular ice resulting in cryoinjuryridg cold storage in liquid nitrogen.
However, Bianet al. (2002) reported that over-dehydration of the scat tissues
promoted osmotic stress and damaging of thoses8ssu

In the present study, survival rate of PLBRofcornu-cervi (Breda)
Blume & Rchb. f. was not improved via cryopreseistafter preculturing beads by
dehydrating for 0-7 hours (reduction of water cant®® 90.81%). This might be the
osmotic shock occured due to overdehydration (Mamaget al., 1998).Jitsopakulet al.
(2007)reported that the regrowth rate of non-cryopreseénand cryopreserved
protocorms ofVanda coerulea depend on the water content of the preculturedidea
during dehydration. The optimal water content girete beads as well as survival rate
is varied depends on plant species and explanizikbet al., 1998; Gonzalez-Arnagt
al., 2000; Padraet al., 2011).Therefore, the optimum water content of encapsdlate
explants should be carefully determined before aplication in order to achieve the

highest survival rate of a particular cultivar afigen plant species.
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This study has demonstrated that PLBPofcornu-cervi (Breda)
Blume & Rchb. fare not suitable for cryopreservation. There waskatly high water
content in the plant tissue which might cause tte c¢rystal formation when all
encapsulated PLB were stored into LN. In the futseeds ofP. cornu-cervi (Breda)
Blume & Rchb. f. are an alternative choice for gmgservation. Seeds & cornu-
cervi (Breda) Blume & Rchb. f. are very small and cdertte to cold and suitable for a
long-term preservation. Therefore, the cryopredemadf seeds could be a feasible way
of preserving their genetic resource and diversity.

Orchid seeds are mostly tolerant to desiccation feeekzing and
suitable for a long-term preservation. Such seegl&@own as orthodox in their storage
behavior. Cryopreservation is potentially of grealue for the conservation of orchid
germplasm. Furthermore, tropical, sub-tropical samdperate orchid seeds can be stored
together. In addition, one pod has abundant sgeasibly up to thousands of seeds.
Terrestrial and epiphytic orchid seeds with moistaontent lower than 14% can be
conserved in LN (-196°C) (Pritchard, 1984, 1995ge& of Encyclia vitellinum
survived after storage at -40°C for 35 days andehufCattleya hybrids andD. nobile
tolerated 465 day at -79°C (Seaton and Hailes, 138eds oD. candidum with less
than 12% moisture content gave 95% survival ratenanthey were stored in LN (Wang
etal., 1998).

There are some reports published on cryopreservatiarchids,
such as zygotic embryos and immature seedd aiila striata (Hirano et al., 2005a;
Ishikawa et al., 1997), seeds dbDoritis pulcherrima (Thammasiri, 2000), immature
seeds ofPonerorchis graminifolia (Hiranoet al., 2005b) and seeds Bfatonia hybrid
(Popov, 2004). There is a report published on assgrvation of some Thai orchid
species, such as, seeds f chrysotoxum (99%, vitrification), D. cruentum (32%,
vitrification), D. draconis (95%, vitrification), D. hercoglossum (80%, encapsulation-
vitrification), Doritis pulcherrima (62%, vitrification), Rhynchostylis coelestis (85%,
vitrification) andVanda coerulea (67%, vitrification) (Thammasiri, 2008).

The desiccation characteristics of seed differ agrapecies, being
broadly grouped as desiccation-tolerant (orthodarjermediate and desiccation
sensitive (recalcitrant) behaviors (Towill and Baj2002). The seed longevity of the
first group can be increased by lowering seed maasiand storage temperatures
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(Towill, 2002). Orchid seeds are orthodox, veryytimnd without cotyledon and
endosperm (Pritchard, 1984). The embryos are comtbad homogeneous small
parenchymatous cells with mostly lipid reservesdlieg 1982;Pritchard, 1984). Due
to their minute size and homogeneous cells, thédidrseeds can be sufficiently

dehydrated which lead to successful cryopresenvdBerjaket al., 1996).

4.3 Alginate-encapsulation, short-term storage and plantlet regeneration from
PLB of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

4.3.1 Effects of different storage conditions anmdetivals on their
conversion ability ofPhalaenopsis cornu-cervi (Breda) Blume &

Rchb. f.

Synthetic seed technology is an exciting and rgpydbwing area
of research as deals with vitro conservation and storage of rare, endangered and
desirable genotypes along with its easy handlind @ansportation (Kumaria and
Tandon, 2001; Germarghal., 2011).In vitro conservation involves the maintenance of
explants in a pathogen-free environment for shmrmedium-or long-term (Engelmann
and Engels, 2002). For short-term storage, theigitn increase the interval between
subcultures by reducing growth. Minimum growth cdiod for short- to medium-term
storage can be followed in several ways, such dsction of osmotic stress with
sucrose or mannitol (Wescott, 1981), reduced teatpex and/or light (Withers, 1991)
and incorporation of sub-lethal levels of growthardant (Gupta, 2001). Storage
through slow growth methods is reproducible andelyicapplicable among different
plant species and genotypes for conservation omglsm (Withers, 1991). Elite
germplasms of various rare and endangered plactesplke Coffea arabica (Nassar,
2003), Rauvolfia tetraphylla (Faisal et al., 2006), Pterostylis saxicola and Diuris
arenaria (Sommrville et al., 2008) andPogostemon cablin (Kumara Swamyet al.,
2009) have been stored byvitro methods using this slow growth technique. Reica
al. (1988) have successfully shown that nodal cuitiingm meristem derived plantlets
of cassavaManiht esculentum) could be maintained for 2 years on a medium Vatt
osmotic concentration and activated charcoal. IHi6&@Allium sativum), the shoot tips
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could be stored for a period of 16 months followamgincrease in sucrose concentration
to 10% (El-Gizawy and Ford-Llyod, 1987).

Though germplasm of many ornamental plants have bé&en
successfully stored using this minimal growth texbgy, very few reports have been
made for orchids, vizVanilla planifolia (Divakaranet al., 2006), Vanda coerulea
(Sarmahet al., 2010), Cymbidium devonianum (Das et al., 2011). Dubus (1980a, b)
reported preservation ofCymbidium protocorms by increasing the sucrose
concentration; however, many other authors havertegp maintaining the cultures at
low temperatures for storage and preservation (8hefral., 1992; Corrie and Tandon,
1993; Dattaet al., 1999; Da%t al., 2008). Dast al. (2011) reported the increment in
storage duration ir€. devonianum by reduction nutrient strength in the encapsulated
matrix as well as low temperature. However, thecsssful application of minimal
growth technology requires the establishment ofcifipeprotocols for each type of
explants and species (Wattal., 2000).

This is the first report of synthetic seed produttistorage and
conversion of PLB inP. cornu-cervi (Breda) Blume & Rchb. f. The present study
developed efficient methods for alginate-encapsgnatconversion and short-term
storage ofP. cornu-cervi (Breda) Blume & Rchb. f. capsules for germplasmohaxge
between laboratories. PLB, induced from protocorsegments ofP. cornu-cervi
(Breda) Blume & Rchb. f. were isolated from vitro proliferating PLB clusters.
Individual PLB were encapsulated in calcium alggndteads to manage mass
propagation, short-term storage and germplasm rghafihe superior gel matrix for
encapsulation was obtained using 3% sodium algiaate 100 mM calcium chloride
(CaCh.2H;0). Among the three temperature regimes of stoemgapsulated PLB were
successful stored at 25+1°C for 30 days with a maxn percentage of germination at
100 when culture on ND medium supplemented with(4%) sucrose with 0.2% (w/v)
AC. The present investigation was to evaluate tiepsulated PLB dP. cornu-cervi
(Breda) Blume & Rchb. f. for feasible study of theeégeneration, followed by the
application of this method to store in medium-tetmaddition, this method can serve
as anex situ conservation method of this orchid. However, assent of the suitable
plant part as the preliminary experimental mateaatl optimization of conversion

process for plant recovery, are the two requiremaititich are essential to a successful
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storage procedure via encapsulation. Apart fromingaenormous potential for plant
development from pre-existing meristematic tissu4,B are appropriate for
encapsulation studies as they are excellent mhteniasynthetic seeds production.
Contrastingly, shoot tips or other non-embryogepirts could not perform as
efficiently as PLB due to their comparatively loegeneration ability. In addition, the
use of PLB, induced directly from PLB, would guaesngenetic fidelity in the post-

storage regenerant clones.

4.3.1.1 Encapsulation of PLB

The alginate-beads containing PLB (capsules) whktaimed using
the gelling matrix of 3% sodium alginate with 100MnCaCk solution. The mean sizes
of bulk beads achieved by this procedure were 7®imdiameter. Successful use of
calcium alginate encapsulation matrix for storafjesymthetic seeds was reported by
Singh (1991) using 21 days ofgbathoglottis plicata PLB. Corrie and Tandon (1993)
have also used alginate matrix to encapsulate HLBymbidium giganteum for short-
term storage. In our study, 3% solution of sodiulginate and 100 mM Cagl
presumably helped in optimal ion exchange betweeh awid C&', producing firm,
clear, isodiametric beads. Lower levels (1 and 28%)sodium alginate were not
appropriate (data not presented); since, the capsukre not in definite shape and
excessively soft to grip; while at higher concetitras (4%) the pods were effectively
firm to cause substantial delay in propagule emerggdata not presentedimilar
results were also reported by Sirglal. (2009) inSpilanthes acmella (L.) Murr. where
they evaluated the role of sodium alginate conegiotn, affecting the gel
matrix/capsule quality and subsequent conversiaghetapsules. According to Nagesh
et al. (2009), lower concentration of sodium alginateimicause resistance of beads
formed. Low resistance beads exposed for a longpgdB0 minutes in the present
study) to CaCGl could adsorb large quantity of CaClAbsorption is a surface
phenomenon and higher accumulation of Gaflght restrain the further development
causing CaGttoxicity (Nagestet al., 2009). In contrast, higher resistance beadsddrm
due to increase in concentration of sodium algirf@%) and adsorb less quantity of
CaCb. Therefore, toxicity due to CagLlcould be less, resulting in high frequency
recovery. The influence of combinations betweensudalginate and Caglon bead
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texture and consistency was also reported by Sabgth., (2010) inEclipta alba (L.)
Hassk, an important medicinal herb. Sodium algineggea biodegradable and
biocompatible copolymer comprised of L-glucurongidaand D-mannuronic acid units
and has been comprehensively studied due to iwsnpak to form hydrogels in the
presence of divalent cations. The inflexible swuetand outsized pores of these gels,
which are water-insoluble, makes them efficient dacapsulation of living plant cells
(Bajaj, 1995), as they permit the swap of substamneeand from the adjacent medium.
The successful use of pipette to obtain desirabbpe and size of capsules in the
present study corresponds to the earlier reporMaflon et al., (2007). Alginate
encapsulation is a technique that can be usedefonglasm storage or for reducing the
requirement of transferring and subculture, outseéson (Weset al., 2006). This
would serve the purpose of the present study, wiver@eed to arrest the continuous

proliferation of PLB through storage, hence minienike need for frequent subculture.

4.3.1.2 Effects of different storage conditicarsd intervals on PLB
conversion ability.

Among the three temperature regimes, room temper§ds+1°C)
storage gave promising results for conversion oflspaConversion percentage of
synthetic seeds decreased from 35% to 11.67% a@edays of storage at 8+1°C.
However, the PLB stored more than 30 days in socllition gave no conversion at all
(Table 12). Encapsulated PLB stored at 4+1°C losir tviability completely (Table 12).
Contrastingly, capsules stored at 25+1°C for 30sdagre green, with potential for
conversion and intact bead consistency with 100%vesion. The percentage of
conversion of encapsuled PLB into plantlets dediippogressively with the increase in
the duration of storage, both at 4+1°C and 8+1°Gweler, encapsuled PLB stored at
25+1°C gave the highest conversion rate, signifigatifferent (<0.05) to those stored
in 4+1°C and 8£1°C. The merit of 25+£1°C storagercd#l°C for encapsulated PLB in
the present study was in agree with the earlieortegf Hung and Trueman (2011) on
Khaya senegalensis shoot tips, where they also highlighted that theeeof storage at
25°C is highly encouraging for germplasm exchangecause capsules can be

maintained under laboratory conditions and thenpatched and processed
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conveniently. Mishraet al. (2011) reported that storage of encapsulatedosiicrots of
Picrorhiza kurrooa, a herbaceous plarat 25£1°C was favorable.

The failure of prolonged storage in 4+1°C was alsscribed in
earlier reports (Redenbaugh al., 1987) where, low temperature (4+1°C) storage of
synthetic alfalfa seeds was rather short. SimilaHg germination rate of encapsulated
embryos ofAsparagus cooperi was reported to be low (Ghosh and Sen, 1994) under
storage in this conditions. Likewise, the conversid encapsulated nodal segments of
Punica granatum L. also showed markedly decline, following storagée low
temperature (Naik and Chand, 2006). However, tlspamrse of synthetic seeds to
storage temperature appears to be species speSifine responds to either 4°C
(Saiprasad and Polisetty, 2003; Lisek and Olikow2kK®4; Singtet al., 2010; Sharma
and Shahzad, 2012) or room temperature (@ewl., 2000; Mohanragt al., 2009;
Hung and Trueman, 2011; Gantitl., 2012).

Storage at room temperature (25£1°C) implementethis study
was effective for short-term storage and handlintpaut refrigerated containers, and
even storage up to 30 days gave considerable ome(100%) inP. cornu-cervi
(Breda) Blume & Rchb. f. Complete plantletsRofcornu-cervi (Breda) Blume & Rchb.

f. developed from each capsules on conversion medivere successfully transferred
to ex vitro conditions. The plantlets were healthy, greenalorcand morphologically
uniform.

From the success of the present study, it seemshbatorage of
capsules in sterile Petri-dishes and sealed withfffa (though having limited supply
of oxygen for respiration of capsules) proved tosh@able to protect loss of humidity
which is essential for retention of viability of @psulated PLB, since sodium alginate
have been reported to succumb to rapid dehydrédbamty et al., 1986).In addition,
encapsulation of PLB of this orchappears to be a promising tool for storage and on-
demand supply of plant material for propagatiogemmplasm exchange. Similar use of
the encapsulation method for storage have also bmmorted earlier in many other
endemic and endangered orchids Remanthera imschootiana (Chetiaet al., 1998) and
Geodorum densiflorum (Dattaet al., 1999),Ipsea malabarica (Martin, 2003). Then
vitro storage achieved fd?. cornu-cervi (Breda) Blume & Rchb. f. in our study has the
prospective to cut the cost for maintaining theticmous proliferating PLB cultures,
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because of the abridged requirement for manuak ldbe to less frequent subculturing.
According to Raiet al. (2008), an important feature of the encapsulategetative
propagules is their capability to retain viabiliter storage for a sufficient period

required for exchange of germplasm.

4.3.2 Ploidy instability analysis using flow cytotne(FCM).

Despite wide utilization of encapsulation techngldg micro-
propagation and storage of orchids, the genetielifid of synthetic seed-derived
propagules have been completely unassessed. Tamtesy exploitation of synthetic
seed technology for propagation and germplasm praisen obliges genetic stability
assessment of propagules subsequent to their eatiser (Dehmer, 2005). To date,
methodical germplasm sampling and their molecuktus assessment via DNA marker
technology intervention has turned into an effitigmactice (Mishraet al., 2011).
Among the various available DNA uniformity/polym&ipm detection systems, inter-
simple sequence repeats (ISSR) has been provensiniple, efficient and reproducible
to detect clonal fidelity (Gantadt al., 2010).

To analyze their ploidy stability in the presenidst of complete
plantlets ofP. cornu-cervi (Breda) Blume & Rchb. f. derived from differenbsige
temperatures and time of encapsulated PLB wereesidnj to FCM analysis. FCM
analysis of plantlets showed the same patternlafive DNA content peak. There was
not change in the ploidy level of all tested plantee high frequency of plantlet
retrieval from encapsulated PLB Bf cornu-cervi (Breda) Blume & Rchb. f. after 30
days storage at 8+1°C and 25+1°C could be useddmdivgery system for germplasm
exchange and offers the possibility of using thethod forex situ conservation of this
endangered orchid plant.

Findings of this study corroborate earlier repartsthe genetic
fidelity of synthetic seed derived plantlets (Gapaahyayet al., 2005; Srivastavagt
al., 2009; Mishreet al., 2011), cryopreserved tissues of various plaatigs (Jokipiiet
al., 2004; Bekheett al., 2007) and micropropagated plants (Martetsal., 2004;
Venkatachalanat al., 2007; Borchetiat al., 2009).
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CONCLUSIONS

5.1 Micropropagation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

ND or MS medium supplemented with 15% (v/v) cocowater (CW)
gave the best growth of protocorms while MS medsupplemented with 15% (v/v)
coconut water (CW) and 0.2% (w/v) activated char¢8&) gave the best growth of
seedlings.

Bisected protocorms enlarged and more PLB were ddrmvhen
cultured in VW liquid medium supplemented with 18 150 mg/l ascorbic acid.

All PLB were formed from wounded protocorm segmeriitured on
medium containing NAA at 0.1 mg/l and TDZ at 0.1/mg@his culture medium was
found to be the best for induction of PLB. Afterweeks of culture, the highest
percentage of PLB formation occurred and each exgieoduced small, medium and
large size of PLB at 13.9, 10.7 and 11 PLB permutalexplant, respectively.

ND medium supplemented with 4% (w/v) sucrose anmttaning AC is
suitable for conversion of PLB dP. cornu-cervi (Breda) Blume & Rchb. f. into
complete plantlets. This culture medium gave tlghést survival rate (100%), plantlet
height (10.9 mm), fresh weight (1.309 g), numbdrteaf per plantlet (6.1 leaves), leaf
length (33.85 mm) leaf width (13.45 mm), numbersauit per plantlet (8.9 roots) and
root length (30.2 mm). The incorporation of AC hetmedium could reduce or inhibit
the accumulation of phenolic compounds that catissde browning.

Plantlets obtained from wounded protocorms whichewsiltured on %2
MS supplemented with different concentrations ofRRGiad the same ploidy level as
control plantlets.

The regenerated plantlets grew normally when tdansgd to pots
containing sphagnum moss in the greenhouse witkolf0vival rate.
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5.2 Cryopreservation of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Protocorms and PLB d?. cornu-cervi (Breda) Blume & Rchb. f. were
not successfully cryopreserved using direct pluggo liquid nitrogen, encapsulation-
vitrification, encapsulation-dehydration, encapsaladehydration with cold-hardening

or encapsulation-dehydration with sucrose pretreatm

5.3 Alginate-encapsulation, short-term storage and plantlet regeneration from
PLB of Phalaenopsis cornu-cervi (Breda) Blume & Rchb. f.

Among the three temperature regimes of storageapsoutated PLB
stored at 25+1°C, for 30 days showed maximum péagenof germination at 100 when
culture on ND medium supplemented with 4% (w/v)rege with 0.2% (w/v) AC.

Plantlets obtained from either control or differesbrage temperatures
showed the same ploidy level as control plantfEtere was no change in ploidy level

of plantlets by this protocol.
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APPENDIX A

Media for micropropagation and cryopreservation

1. Components of Murashige and Skoog (MS, 1962)iuned
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Components mg/I
Macro elements
NH4NO; 1,650.000
KNO3 1,900.000
KH,PO, 170.000
CaCb.2H,0 440.000
MgS0O,.7H,O 370.000
Micro elements
Kl 0.830
H3BO3 6.200
MnSO,.H,O 16.900
ZnSQ,.7H,0O 10.600
CuSQ.5H,0 0.025
NaM00O,.2H,0 0.250
CoChL.6H,O 0.025
FeSQ.7H,O 27.800
NaEDTA 37.300
Organic compounds
Myo-inositol 100.000
Nicotinic acid 0.500
Pyridoxine HCI 0.500
Thaiamine HCI 0.100
Glycine 2.000
Sucrose 30,000.00
Agar 7,500.00
pH 5.7
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2. Components of Vancin and Went (VW, 1949) medium.

Components mg/I
Stock |
NH;NO3 525.00
KNO3 425.00
Stock 1
KH,PO, 250.00
MnSQO,.H,O 7.50
MgSQ,.7H,O 250.00
(NH4)2SOy 500.00
Stock I
FeSQ.7H,0 27.80
NaEDTA 37.30
Ca(POy):, 200.00
Sucrose 20,000.00
Agar 6,000.00-7,000.00
Coconut water 150 ml
pH 4.8-5.0

Ca(POy), were dissolved in 10 ml of 1 N HCI.
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3. Components of New Dogashima (ND, 1993) medium.

Components mg/I

Macro elements

NH4NO; 480.00
KNO3 200.00
Ca(NG),.4H,0 470.00
KCI 150.00
MgSQO,.7H,O 250.00
KH,PO, 550.00
Micro elements
MnSOy.4H,0 3.00
ZnSQ,.7H,0O 0.5
H3BOs 0.5
CuSQ.5H,0 0.025
Na;M00O,.2H,0 0.025
CoChL.6H,0O 0.025
Concentrated F5Ox 0.5ul
Organic compounds

Myo-inositol 100.00
Nicotinic acid 1.00
Pyridoxine hydrochloride 1.00
Thiamine hydrochloride 1.00
Calcium pantothenate 1.00
Adenine 1.00
L-Cysteine 1.00
D-Biotin 0.1
Sucrose 20,000
Agar 7,500.00

pH 5.2
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APPENDIX B

Solutionsfor cryopreservation

1. Loading solution (LS)
Glycerol 2 M
Sucrose 0.4 M
Dissolved glycerol in ND liquid medium supplementeih 0.4 M sucrose. After

dissolving, sterilized in an autoclave at 121°CI¥brminutes and kept at 4°C.

2. Plant Vitrification Solution formula 2 (PVS2)

Glycerol 30% (w/v)
Ethylene glycol (EG) 15% (w/v)
Dimethyl sulphoxide (DMSQO) 15% (w/v)
Sucrose 04 M

Dissolved glycerol, ethylene glycol and dimethyllpbwxide in ND liquid
medium supplemented with 0.4 M sucrose. After digsg, sterilized in an autoclave at
121°C for 15 minutes and kept at 4°C.

3. Na-alginate solution for protocorm and PLB cmggervation

Na-alginate 3%  (whv)

Sucrose 0.4 M

Slowly and carefully added 3% Na-alginate in NDulaymedium supplemented
0.4 M sucrose due to low solubility. After mixingoiogeneous, sterilized in an

autoclave at 121°C for 15 minutes and kept at 4°C.
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4. Calcium chloride solution for protocorms and Pdrigopreservation
CaCl 100 mM
Sucrose 0.4 M
Dissolved CaGlin ND liquid medium supplemented with 0.4 M su&ogfter

dissolving, sterilized in an autoclave at 121°CI¥brminutes and kept at 4°C.
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APPENDIX C

Solutionsfor artificial seed production

1. Na-alginate solution

Na-alginate 3% (W)

Sucrose 2%  (w/v)

Slowly and carefully added 3% Na-alginate in NDulaymedium supplemented
2% (w/v) sucrose due to low solubility. After migirhomogeneous, sterilized in an

autoclave at 121°C for 15 minutes and kept at 4°C.

2. Calcium chloride solution

CaCl 100 mM

Dissolved CaGl in ND liquid medium supplemented with 2% (w/v) Buge.
After dissolving, sterilized in an autoclave at i@%or 15 minutes and kept at 4°C.
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