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ABSTRACT

Phalaenopsis orchid, an elegant tropical orchid, has high priceflower
markets around the world as well as Myanmar. dliffscult to propagate vegetatively
in nature due to its growth habit. Nowadays, tissuléure technique has been widely
used for most rare species and species that dieutfifo propagate Therefore, tissue
culture became an important method for propagatidfhalaenopsis. Tissue culture
techniques, explant types, plant growth regulasd culture systems are mainly
attributed to success. Two experiments were cawigdby using different flower
stalk nodes at different positions andvitro young leaves. The objective of the
research is to investigate the effect of plant ghovegulator, culture systems and
media inin vitro regeneration.

In flower stalk node culture, the effects of, 2% 39 4" 5" and & nodal
positions counted from base to top were testedtioot regeneration. In leaf culture,
two culture systems (solid and cotton support magliand different concentrations
and combinations of benzyladenine (BA) 2 and 4 mgthidiazuron (TDZ) 1 and
2 mg.L*, with and without naphthaleneacetic acid (NAA) §.L* were tested for
protocorm like bodies (PLBs) induction from leafpéant. In PLB proliferation stage,
three culture systems (solid, liquid and cottonpsup liquid culture medium) were
tested. Vecin and Went (VW) and Murashige & Skodig) basal medium with and
without 0.1 mg.[* BA and 1 mg.[' NAA were tested in rooting stage of shoot
developed from leaf culture.

Among the flower stalk node positions, better res@s were observed from
2" nodal position in shoot multiplication®odal position gave best results in root
regeneration and hardening stages. Using flowelk stade culture for mass
propagation, %, 3¢ and 4" middle nodal positions should be used as the atpfar
production ofPhalaenopsis amabilis orchid. In leaf culture, maximum number of
PLBs per explant (7.1) was observed from mediunpsmpented with 2 mg:t BA.
Culture systems used in initial culture were nattistically difference among each
other. But solid culture showed better results ttiencotton culture. The interaction
effect between PGR and culture systems was obsénvearvival % and number of
PLBs per explants. The results indicate the use®®Rs vary according to the
culture systems. Therefore, BA should be used ttoooculture and TDZ in solid
culture.Cotton culture gave the best result in PLBs pradiien on leaf explants. VW
medium showed better results than MS medium infaotation of PLBs.

Key words: Flower stalk node]n vitro leaf, PLBs induction and proliferation,
Culture systems, PGRs
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CHAPTER |
INTRODUCTION

Orchid (orchidaceae) is the largest family amorgyrtiost diverse families of
flowering plants, with about 700-800 genera and 0B6@pecies and more than
150,000 registered artificial hybrids (Nongdam &bngtham 2011). Orchids are
grown worldwide for commercial production and altn88o shares in the world’s
floriculture trade (Asghar et al. 2011). A largenmher of genus such a&sachnis,
Ascocentrum, Cattleya, Cymbidium, Dendrobium, Laelia, Oncidium, Paphiopedilum,
Phalaenopsis, Renanthera, Vanda and their intergeneric hybrids are commercially
cultivated around the world.

Phalaenopsis is commonly known as moth orchids which have long iagh
sprays. MosPhalaenopsis are epiphytes (grow on trees), but a few are litlybgs,
(attach themselves to the surface of rocks). ltsvgr is a single vertical main stem
which produces a series of thick, fleshy and disticsly leaves. The flower is showy,
membranous, white and the lip has three lobed tlaadip colors vary depending on
the species and their hybrids eg. yellow, red antewlip. It is able to bloom for a
long period of time and can grow up to 10 cm imukter and morePhalaenopsis is
one of the important genera from horticultural vieaint because of their big flowers,
long flower stalk and vase life in which 62 speaestained (Christenson 2001) and
distributed throughout tropical and subtropicalioeg of Southeast Asia, from the
Himalayan Mountains, southern China, and Taiwamaothern Australia (Chiba
2002). Phalaenopsis are grown for the commercial production as ativactcut
flowers and potted plants throughout the world. gearscale production of
Phalaenopsis is carried out in the Netherlands, Germany, Chirawan, the United
States and Japan (Griesbach 2002).

Phalaenopsis is a monopodial epiphytic orchid, due to its natur is difficult
to propagate vegetatively and the only mean fopagation is plant tissue culture.
Therefore,in vitro propagation methods are required for commerciadyction.
Micropropagation is widely used for commercial protlon that has gained the status
of a multibillion-dollar industry throughout the wa (Liao et al 2011). Manyin vitro
culture protocols have been developed Rbalaenopsis regeneration, utilizing of
flower-stalk nodes and internodes, cut ends of stgmotocorm-like body (PLB)

sections, leaves and shoot tips (Balilashaki €2Gil5.



Adventitious shoot proliferation from nodes of flew stalk and PLBs
developed from leaf culture has been the main ndetfar propagation of
Phalaenopsis. Flower stalk node culture cannot damage the mgilamt and can get
many explants for regeneration. However, the respai flower stalk node culture
varies according to the flower stalk node positiddsang (2015) tested the effect of
flower stalk node positions on shoot formationTwlumnia GS248 orchid in which
3 and 4" nodal positions of flower stalk nodes gave bespoese in shoot formation
than £' and 29 node. But the informations related with the effethodal positions
on plantlets regeneration is still wedkLBs are important for orchid regeneration
which can be induced directly from various explaAts efficient and rapid method of
PLB induction is needed to develop for propagatiin orchid. Mass clonal
propagation was obtained from induction of PLBsrfrieaf sections by direct somatic
embryogenesis that has been describe@Miaraenopsis (Hsu and Chen 2003).

Culture medium is one of the most important factbeg support the nutrients
to the explants with gel designed, liquid and skquiid culture systems (Madigan
and Martinko 2005). The physical consistency oturel media strongly influenced
thein vitro growth of shoots and roots. Liquid medium suppgrtvith cotton wool
has been tested im vitro multiplication of ginger, 50% survival rate wassebved
(Hussien et al. 20)4Effect of culture systems an vitro multiplication stage is still
less information than culture media.

Concentration, combination and chemical propertésvarious kinds of
growth regulators play important rolesimvitro propagation of many orchid species
(Arditti and Ernst 1993) and depend mainly on thecses of the plant, the tissue or
organ cultured and the objective of the experim@&he most widely used types of
plant growth regulators are auxin and cytokinin.eTéytokinins and auxins are
important inin vitro culture and mainly required in the media for gtowt buds and
shoot formation, the later they are concerned vatit formation (North et al. 2012).
The high concentration of auxins generally favarst formation, whereas the high
concentration of cytokinins promotes shoot regeirmra Different proportions of
growth regulators can break dormancy of bud andaecdn shoot formation by
suppressing apical dormance. Use of proper coratemirand combination of PGRs,
culture systems and explant types are importangetiothe efficient regeneration

system of orchid.



In Myanmar, most orchids such &endrobium, Vanda and Phalaenopsis
hybrid orchid species are imported from Thailandd a@hina. Among them,
Phalaenopsis is the high demand orchid specie and mainly catiégt for commercial
production all over the world due to its diversewer size, shape, color and long
duration of inflorescence. It is commonly usedtses ¢ut flowers and potted plants in
decorations at ceremoniegeddings and other festivalBhus, large scale commercial
production ofPhalaenopsis orchid require in our country. Nowadays, tissuéuca
techniques are being developed and mostly have wssshin many plant production
processes. Local orchid growers and florists canngeny benefits by using tissue
culture techniques for mass propagationPbblaenopsis. Using the tissue culture
technique can improve not only the quality but dlse quantity of orchid plantlets
and that can produce many plantlets within thetéchiperiod. This technique will
improve our orchid flower market and orchid groweas obtain many healthy and
uniform plantlets with low costTherefore, this study was carried out with the
following objectives;

- To study the effect of different nodal positions fidwer stalk on shoot
induction, multiplication and root regeneratiorvitro

- To investigate the suitable plant growth regula{f®G&Rs) and culture systems
for PLBs induction from leaf explants

- To compare different culture systems for PLBs fecdition and

- To find out the effect of media for root formatiaf shoot developed from
PLBs.



CHAPTER Il
LITERATURE REVIEW

2.1 Propagation of Orchids

The propagation methods used in orchid are divjsioackbulbs, serial
cuttings, kiekies, micropropagation and seed celtufhe uses of propagation
methods can vary depend upon the growth habits rohidy monopodial and
sympodial. Conventionally, sympodial orchids lik€attleya, Dendrobium,
Paphiopedilum and Cymbidium are multiplied through divisions whereas
monopodials vizVanda, Aerides, Arachnis, Mokara etc. through cuttings. Among the
orchids, Phalaenopsis are difficult to propagate vegetatively by convenal
propagation.Phalaenopsis orchid reproduces asexually through cutting of idsk
from the flower stalk node in nature. They do notnf offshoots aendrobium
orchids.

2.2 Micropropagation of Orchids

In present day, orchid species become popular entahplants all over the
world and mainly used in all aspects of the pecplese are more needed to produce
for commercial production due to the increasing dedh of orchid. Therefore,
propagation through tissue culture is desirable diarduction ofPhalaenopsis. In
vitro propagation has been used mainly for mass praguciWarious source of
vegetative plant parts such as leaf, shoot, stencat be used as the explants in
micropropagation of monopodial and sympodial orciNdwadays, researchers have
been tested and established the effect of exp(aatgetative or reproductive), PGRs
(individual or combination) and other influencetfas (culture systems, sterilization
time or etc) on tissue culture according speciesgat the most effectient
micropropagation. Jitsopakul (2013) tested the ceéffef PGRs and sucrose
concentration on efficient adventitious shoot regation of Vanda coerulea in
in vitro using shoot tip culture. Nongdam and Tikendra @@&ktablished an efficient
in vitro regeneration protocol from seed cultureDandrobium chrysotoxum. Kaur
and Bhutani (2009) testeithe effect of regenerative potential of leaf explants o

in vitro masspropagation o¥/anda testacea.
2.2.1 Micropropagation of Phalaenopsis

Phalaenopsis have been propagated by using the vegetative gonddective

parts of the plant in tissue culture. The availgbof explants was limited since it is a



monopodial orchid and has very short nodes at tem.sSeveral kinds of tissue
culture protocols have been developedifforitro cloning such as flower stalk cutting
(Tanaka et al. 1988), leaf segments (Park et @2pand axillary buds of flower stalk
node (Tokuhara and Mii 2003). Using the flower lstaf plant as experimental
material is suitable way that cannot damage thehemoplant and it becomes an
effective organ for micropropagation of orchids.dscculture is one of the valuable
procedures for propagation that produce shootwulture. This technique becomes
popular in commercial micropropagation becausdefgetting of clonal stability and
this has less frequency of subculture or stages tha other techniques. Therefore,
the risk of induced genetic irregularity is lesssimoot multiplication stage (George
and Debergh 2008). Due to this fact, node culttas been recommended as the
method of least to induce somaclonal variation ijast et al. 2011Phalaenopsis
orchid tissue culture using flower stalk node wasidated by Rotor (1949). This
technique has been found as the maximum applicemique for mass propagation
of monopodial orchidPhalaenopsis species. The problem occurred during the flower
stalk cultured was the different growth patterrbatls because some buds remained
dormant, developed into flower stalks, or developed vegetative shoot (Griesbach
1983). Based on these facts, different responsels as survival percent, multiple
shoot production etc may occurred according todifferent nodal positions as the
donor plant, but it was not well documented. Horm@uipplementation is also the
important factor to success the flower stalk nodkuce. Balilashaki et al. (2014)
presented the highest shoot formation from flowatksnode was occurred on MS
basal medium supplemented with 4.4 mbRA and 1 mg.[* NAA. Kosir et al.
(2004) also showed that direct shoot formation frivower stalk node culture of
Phalaenopsis orchid. Wu and Chen (2008) observed that 2 MdBIA was found as
the suitable hormone ratio for shoot formation twer stalk node culture of
Phalaenopsis andDoritaenopsis.

Another method which is mainly used for cloningléaf culture. Direct
induction of PLBs from somatic tissues such as shwaristem, leaf, root tip, flower
stalk and other vegetative plant parts have begaldged in orchids. Leaf culture is
one of the methods for effective PLB induction.dotion of PLBs from leaf sections
has been described fdthalaenopsis (Hsu and Chen 2003). PLB induction was
occurred in leaf tissue culture Bhalaenopsis by using the different kinds of leaf

tissue from leaves developed from flower stalk nddaves of seedling and adult



plants (Tanaka et al. 1975). Leaves fromvitro plantlets are suitable explants far
vitro cloning ofPhalaenopsis ambilis that has no adverse effect on adult plant and not
limited on availability of explant. It was genesakuccessful to regenerate plants
from PLBs which multiplied rapidly by division.

VW basal medium supplemented with 10my.BA and 1mg.[* NAA was
the effective ratio foPhalaenopsis species in induction of PLBs from leaf explant
(Myint et al. 2001). Arditti and Ernst (1993) repet that modified MS medium
supplemented with 1 mgLNAA and 10 mg.[* BA was suitable auxin-cytokinin
ratio to induce PLBs from the mature leaf segmenfhalaenopsis. amabilis. Sinha
et al. (2010) and Sinha and Jahan (2011) showedigitest PLBs induction was
observed from % MS basal medium supplemented withgd* BA and 1 mg.[*

NAA in Phalaenopsis hybrids.
2.2.2 PLB proliferation

PLB was the effective somatic embryo for multiplioa and regeneration
stages. PLB can be found only in orchidvitro culture among the plant. PLB is an
early embryonic stagehich is induced from explants either directly adirectly.
PLB can be obtained frorm vitro culture of leaf, flower stalk node, protocorm.
Invitro culture through PLBs was more effective than tteoplant’s parts. It can be
divided and cultured on the proliferation mediunm @btains large tissue stocks of
clone within a relatively short time by repeatingist process for rapid mass
propagation (Yam and Arditti 2009). Luo et al. (3D@eported that micropropagation
through PLBs is efficient because PLBs can be hagdoliferated on solid or in
liquid culture medium, and a large number of PLBB be provided in a short period.
PLBs are also general target tissue for geneticstoamation studies in orchids
because orchids can proliferate rapidly and canlilseaegenerate into complete

plantlets (Sreeramanan et al. 2008).
2.2.3 Root formation from shoots

Rooting from shoots also an important part of gssulture. Root formation
needed for shoots obtained from various culturehodg not only to form well
plantlets but also for adaptation vivo. For rooting, auxin is the most important
hormone. Natural occurring auxin IAA and synthesigin IBA and NAA are mostly

used for rooting. Wagner and Maguire (2007) rembtteat roots ofin vitro shoots



were occurred on medium containing 5.4 mM NAADworitaenopsis Purple Gem
‘Ching Hua'. Khatun et al. (2010) reported that tng.L™* each of BAP + NAA, BAP
+ IAA, BAP + IBA, and IAA + IBA were found as theebt result for producing

rooted plantlets with charcoal supplementatioBéndrobium orchid.
2.3 Plant Growth Regulators (PGRSs)

Plant growth regulators play an essential role lanfptissue culture that
determined the development pathway of culturedscafid tissues. The exogenous
requirement of hormones depends on their levelsndbgenous hormones in tissue,
plant type and phase of plant growth. The effegblaht growth regulators on tissue
or organ culture can vary according to the varsetieplant, physiological maturity of
explants, culture type, etc. The major classes laftpgrowth regulators used in

invitro culture are auxin, cytokinin, gibberellin and ab&cacid.
2.3.1 Auxins

Auxins are widely used in plant propagation anduisculture. The ability of
auxins is to promote cell division and growth inpkats and control the root
initiation. Auxins have two groups, the first oreenatural occurring auxin such as
Indolacetic acid (IAA), and the second one is sghithauxins such as naphthalene-1-
acetic acid (NAA), 2, 4-dichlorophenoxyacetic a(@4-D) and Indole-3-butyric acid
(IBA). The usage of hormones and their requiremeaty according to the different
variety and expected outcomes. Most auxins are fegeaot induction, but IBA or
IAA was most effective in root induction than otheauxin in many orchid species
(Mohanty et al. 2012). Doods (1994) founded that WWwdium supplemented with
2 mg.L" IBA and IAA medium produce roots from shootséndrobium hybrids.
Moreover, 1 — 2 mgt 2, 4-D in MS medium promoted callus formation from
culturing apical meristem explants endrobium (Anjum et al. 2006). Auxins also
induced rhizome growth while inhibiting shoot pratlan. In Rhizogenetic, NAA and
IAA helped to sustain rhizome growth in Spathoggo{Bapat and Narayanaswamy
1977) and irCymbidium (Paek and Yeung 1991). Combined effect of NAA BAdP
generated callus iDendrobium, that are subcultured on hormone free media formed
PLBs (Roy and Banerjee 2003). Oncidium and Cymbidium, medium containing
2,4-D and TDZ hormones generated embryonic callsch initiated PLBs after

subculture on hormone-free media (Huan et al. 2004)



2.3.2 Cytokinins

Cytokinins such as 6-benzylaminopurine (BAP), Béadgnine (BA), 2iP,
Kinetin (KIN), Zeatin (ZEA) and Thidiazuron (TDZ)& commonly used in culture
media. Cytokinins generally promote cell divisiondainduce shoot formation and
axillary shoot proliferation. Cytokinin can be died into two groups; adenine type
cytokinins and phenylurea cytokinins. KIN, ZEA aBd\ are adenine type while
cytokinins, diphenylurea and TDZ includes phenwdur@ytokinins are very effective
in promoting direct or indirect shoot initiation carenhance the axillary shoot
proliferation. A requirement of particular cytokinis often noted according to the
process of culture; for example Browallia viscosa tissue culture, 2iP was required
for adventitous shoot initiation but kinetin, BAdZeatin were ineffective (Welsh
and Sink 1981).

TDZ has been reported to be effective in the reggiom of a number of
orchid species such dSoritaenopsis, Phalaenopsis, Cymbidium, Oncidium, and
Dendrobium (Sujjaritthurakarn and Kanchanapoom 2011). Dependim TDZ
concentration, exposure time, the cultured expland the species tested, activity of
TDZ varies widely (Murthy et al. 1988). Myint et 42006) tested the effect of TDZ
concentration on direct multiple shoot inductioanfr stem culture oPhalaenopsis
cv. Golden diamond. Chen and Chang (2006) repotteat direct somatic
embryogenesis was observed from leaf explants dhiétired on media containing
TDZ in Phalaenopsis amabilis. Sreeramanan et al. 2009 showed that 60 %, 70d% an
50 % of leaf segments responded and differentiatednedium supplemented with
0.1 mg.L*, 0.17 mg..* and 0.22 mg.t TDZ and 75 % of PLBs proliferation rate
were observed on 0.1 mg@.LTDZ in Phalaenopsis violacea. Similarly, highest
number of PLBs per leaf explant was observed oniumedvith 3 mg.* TDZ in
Phalaenopsis amabilis cv. Cool Breeze (Balilashaki et al. 2014).

The effect of BA has been founded in PLBs producfrom various explants
of Phalaenopsis orchid (Park et al. 2002). BA and 2iP are also usednduction of
embryo from leaf tissue culture &halaenopsis orchids. Gow (2005) demonstrated
that 3 mg.L* BA and 0.5 mg.L* 2iP was the most effective combination for direct
embryo formation from leaf irPhalaenopsis amabilis and Phalaenopsis nebula.
Large number of rootless shoot were obtained fro8 miedium supplemented with
1.5 mg.L* BAP in Dendrobium officinallis medicinal orchid (Moe 2014).



2.3.3 Auxin and cytokinin combination

Exogenous applications of cytokinins and auxinsehéeen known to be
important for shoot induction and elongation of matant speciesn vitro (George
1993). Many aspects of cell growth, cell differatibn, organogenesis in tissue
culture and organ culture have been found to béraiked by an interaction between
auxin and cytokinin. In tissue culture, auxins aetanced with cytokinins for full
morphogenesis. Cytokinins act in concert with auxiaving the opposite effects.
Cytokinin alone has no effect on parenchyma c®#llsen auxin alone, explants grow
large but do not divide. Tokuhara and Mii (1993)aded that the combination and
appropriate concentration of NAA with BAP in theltowe medium are important for
micropropagation ofPhalaenopsis on commercial scale. North et al. 2010 also
reported that the combination and concentratioausins and cytokinins in mediums
is an important factor which determines succegsfuit regeneration. Park et al. 2002
demonstrated that 85 % of leaf explant response 12hdPLBs per explant were
obtained from % MS medium supplemented with 12 Md@BA and 1 mg.[* NAA in
Phalaenopsis orchid. PLBs growth rate were improved in the raeslupplemented
with combinations of BAP and NAA compared to thewth of PLBs in individual
PGRs orDendrobium Sonia 28 (Julkiflee et al. 2014 )

Auxin in combination with TDZ is suitable for PLBermation from leaf
sections ofin vitro young plants (Niknejad et al. 2013). NAA is freqthgrused in
combination with BAP or TDZ in many orchid specig® Vanda, Dendrobium and
Phalaenopsis (Zhao et al. 2008). However TDZ alone have posiéffect for direct
somatic embryogenesis from leaf explantsGrfcidium (Chen and Chang 2001).
Auxin can inhibit cytokinin-induced direct somagenbryogenesis ifPhalaenopsis
and Oncidium species (Kuo et al. 2005). Chen and Chang (2004wed that
effective inducing of somatic embryogenesis wasnébin TDZ alone medium and
NAA inhibited direct embryo formation ifPhalaenopsis amabilis var. Formosa
Shimadzu. The requisite concentration of each hormonesveaies according to the
kind of plant, stage of plant and use of variowpparts.

2.4 Culture Medium

Culture medium is one of the most important facttrat influence the
morphogenesis growth and subsequence of cultussdeti Concentration of nutrients

supplied in medium strongly influenced on qualifynsorphogenetic responses and
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how rapidly a tissue grows and the extent. Varicuiture media such as Murashige
and Skoog (MS), Vacin and Went (VW), N6, New Dogash medium (NDM),
Knudson-C (KC), Hyponex, Gamborg (B5), Nitsch antséh (NN) medium etc are
used in tissue culture. Use of culture media cag &acording to the establishment of
protocols for specific purposes in tissue cultiiell strength of medium gave good
results for several species but in some species, %strength of medium gave better
results than full concentration. For multiple shgubduction of Kuraimedicinal
plant, full strength of MS medium was favoralfl¢. antidysentrica) (Mallikarjuna
and Rajendrudu 2007). One half, one third, ond fiftr three fourth MS modified
medium has been found effective in Gum arabic (P@acia Senegal) (Badji et al.
1993). For rice anther culture, N 6 basal medium I@en mainly used. The simple
media that used in seed germination such as VadnAgent (VW) (Vacin and Went
1949), Knudson-C (KC) (Knudson 1946) or Hyponexr{&d 965) are also employed
for mericlone culture. More complex media such asraghige and Skoog (MS)
media used in some genera and some of the progelssas seed germination, shoot
induction and etc. Mayer et al. (2010) reported thadified MS medium was used in
PLB induction from leaf culture ddncidium flexuosumsim. The usage of %2 MS basal
media has been described for Leaf thin-sectionumIPLB induction from leaf
culture inPhalaenopsis cornucervi (Breda) Blume & Rchb. F (Rittirat et al. 2014).
Myint et al. (2001) tested the effect of culturedweand with and without PGRs
(VW, MS, Hyponex, NDM) for rooting oPhalaenopsis.

2.5 Culture Systems

Culture system is one of the important factors tecess thein vitro
propagation. They support and maintain the nutidot explant. Several culture
systems such as solid, semi-solid and liquid caruged in plant tissue culture.
Different culture systems have different abilittesmaintain the nutrient and varied
the cost of micropropagation. Alvard et al. (199%ated that the cost of
micropropagation reduced more in liquid culturentlsolid culture. Because solid
culture requires labour intensive step includingegged sub-culturing. However the
disadvantages of liquid culture were the rapid apref contaminant and hyper-
hydricity of the tissue. In solid culture, batchkatch variability, inhibition of
growth, presence of impurities, impartment and immpant of vitrification were

occurred due to the adverse effect of agar (Vyasalet2008). Liquid culture
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supplemented with cotton, filter and other suppaeaterial are also used. This type of
medium also the best for culture due to the linatatin diffusion of water and
nutrient, promoting the growth of explant due te thck of agar, and reduce the toxic
with phenol. The solid, liquid and semi-solid cuéusystems have different
advantages and disadvantages. Different cultutemsgscan vary the results obtained
from tissue culture. Suitable culture systems e anportant for multiple cloning
because their usages are varying according tadige f tissue culture. However, the
researches related with the culture system are w&rdka lot of report has not been

observed.



CHAPTER IlI
MATERIALS AND METHODS

3.1 Experimental Site and Period

The experiment was carried out in tissue cultutdatory, Department of
Horticulture and Agricultural Biotechnology, YeziAgricultural University from
January 2016 to 2017.

3.2 Experimental Materials

Phalaenopsis amabilis plants were obtained from Mayepadaythar Flower
Garden, Yangon andh vitro plantlets were obtained from Mingalardone Tissue
Culture LaboratoryPhalaenopsis amabilis at blooming stage with 3-4 flowers on
flower stalk were used as explant materials foreexpent 1 to observe the effect of
different nodal positions of flower stalk (PlateA)).on shoot induction, multiplication
and root regeneration

In experiment 2jn vitro plantlets were used as explant materials for leaf
culture (Plate 1. B) to observe the effect of adtsystems, PGR and different media
on plantlets regeneration Bhalaenopsis orchid.

Plate 1. Explant materials used in (A) flower statkde culture and (Bin vitro

young leaf culture oPhalaenopsis amabilis
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3.3 Experiment 1. Effects of Different Nodal Positins of Flower Stalk on Shoot
Induction and Multiplication
3.3.1 Effects of different nodal positions on shoabhduction

3.3.1.1 Experiment design and treatment

The experiment was carried out a randomized comikick design with 8
replications. In initial culture, different nodabgtions (1 to 6) of flower stalk were

tested for shoot induction, multiplication and iagt(Plate 2).
3.3.1.2 Initial culture

Phalaenopsis amabilis orchid plants with three to six flowers containiag
least six nodes were collected. Flower stalk wasfreun the plant at the base and
flower stalk nodes were used as the explants. Firstmode at the base of the flower
stalk, flower stalk nodes were cut into 5 — 6 creluding a bud length and separate
the nodal cutting as second, third, fourth, fifttdasix nodes so that they were used as
the explants (Plate 2). The selected flower stalédess were washed with tap water.
These nodal cuttings were excised into 2 cm andiséel with 70% ethanol for 30
seconds. Thereafter, single nodal segments werlizet®@ with 2% sodium
hypochlorite solution for 15 minutes. Disinfectedplnts (1 cm) were washed three
times with sterile distilled water.

MS medium supplemented with 2 mg.IBA and 0.5 mg.[' NAA, agar
7 g.L'%, sugar 20 g.tt and coconut water 200 mi*lwere used as the culture medium
in this experiment. Media was adjusted at pH 5.8fbile autoclaving. The volume
medium 15 ml was dispensed into each test tubesteridized with autoclave at
121° C for 15 minute.

After sterilization, the two sides of the node wewt about 0.5 cm above and
below the bud and then removing the scales on tideand then inoculated into the
medium. Cultures were kept under the dark condfmonwo weeks. Two weeks after
culture, cultures were kept under 25+1°C at 16 $iopiotoperiod with 20-40
umolnfs? light intensity. Nine weeks after culture, 2 ta@getative shoots with two

to three leaves formed from a single node of adlostalk (Plate 3).



14

6" node

5" hode

4" node

3% node

2"% hode

1% node

Plate 2. Nodal fositions of flower stalk ifPhalaenopsis amabilis
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a flower stalk weeks culture

Plate 3. Procedure for initial culture ofode cultur
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3.3.2 Effects of different nodal positions on shoatultiplication

Shoots obtained from node culture were used asrierial for multiple
shoots propagation (Plate 4. A). The tips of stwuat leaves were removed and the
remaining part of the shoots were used as the dacprexplant and that inocultaed
into shoot multiplication medium (Plate 4. B).

The MS medium supplemented with 2 mi§.BA and 0.5 mg.* NAA, agar
7 g.L'!, sucrose 20 git and coconut water 200 mi'Lwere used as the culture
medium for shoot multiplication. Media was adjustgdpH 5.57 before autoclaving.
The volume 40 ml medium was dispensed into thdebattd sterilized with autoclave
at 121° C for 15 minute. An explant was inserted gach bottle. All explants were
kept under darkness condition within 6 weeks fottiple shoots induction. After 6
weeks culture, cultures were kept under the lowtligtensity 1000-2000 Lux with 16
hours light and 8 hours dark photoperiod. Aftetheigyeeks culture, multiple shoots
were observed on main shoot derived different npdaitions. Shoots were excised
from multiple shoot clump and subculture on the M®dium without PGR for

rooting by 3 weeks intervals.

Portion removed

Plate 4. Materials for shoot multiplication of shaeveloped from nodal culture of

Phalaenopsis amabilis (A) 11 weeks old shoot from initial culture (B)

Secondary explant ready to culture after topping
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3.3.3 Effectsof different nodal positions on rod formation of shoot:

Shoots obtained fromhoot multiplication stage were cultured on MS bi
medium supplemented with sugar 3L, 200 ml coconutvater and agar 5.g.L"
for rooting (Plate 5A). Media was adjusted at pH 5.3ffore autoclaving. Th
volume 50ml medium were dispensed ireach bottle and sterilized with autoclave
121° C for 15 minuteSingle shoots of 3 to & in height were excised from multig
shoot clump andhoculatet into each bottle (Plate 5. Bljhe culturs were kept under
15-25 pmolnfs? light intensity with 16 hours light and 8 hours dark photopel
condition. Twelveweeks after cultul, root induction response w occurred. Plantlets
were observed at 28eeks after cultur

Plate 5. Rooformatior of shoots derived flower stalk nodelture (A) 18 weeks
old multiple shoots to be used for shoot multigima (B) Separated into
single shoofor root formation.
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3.3.4 Hardening of plantlets obtained from flower stalk nodes at different

positions onflower stalk

Two steps were carried out in hardening stage. re-hardening stage,
complete plantlets obtained from flower stalk nodéiure were kept under the roc
temperature for two weeks. Culturvesselswere placed under the morning natt
light for two hours and opened the culture vesinside the laminar air flow cabin
to exchange gaseAfter two weeks, plantlets were taken out frora tulturevessels
and thoroughly washed with tap water to removeathes medium completely witho
damagng the roots. These plantlets were cultured onrnireture of charcoal an
moss substrate (1:1 ratio) supplemented with 1/19® mdedium for pr-hardening
stage and maintainein in vitro for two weeks. And therplantlets were tain out
from thein vitro room forthreeweeks and the holes put on the cover of ce bottle
to allow aeration. ive weeks after culture, plantlets were treated withuted
fungicide for 1minute. They wel cultured on the mixturef small charcoal piece
(1 — 2cm diameter) and mosses (1:1 ratio) kept under thenatural light Survival

% was recorded after 2 months (Plat

Culture
vessels

were kept

under the [He=
Ready to Hardenir room 3 to 5 cm size healtr

plantlets were seled

Plate 6. Procedure for hardening stage
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3.3.5 Data collection (Experiment 1)

Effects of different nodal position on shoot indudbn
The following data were collected within 2 weekslioweeks after culture for
shoot induction from flower stalk node;
1. Survival %
2. Number of shoots developed per node
3. Days to buds swelling
Effects of different nodal position on shoot multiication
The following data were collected within 6 weekslbweeks after culture for
shoot multiplication;
1. Survival %
2. Shoot regeneration %
3. Number of shoots per shoot clump
Effects of different nodal position on root formaton
The following data were collected within 18 weeks26 weeks after culture
for rooting of shoot obtained from flower stalk mod
1. Survival %
2. Days to induce root
3. Number of roots per shoot
4. Roots formation %
Hardening of plantlets obtained from different flower stalk nodes at different on
flower stalk positions

Survival % data were collected within 8 weeks adddening.
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3.4 Experiment 2. Effects of Culture System, PlanGrowth Regulators and their
Combinations on Induction of Protocorm Like Bodies(PLBs)

from In vitro Young Leaf

3.4.1 Effects of two culture systems and differenPGRs regimes on PLBs

induction from in vitro young leaf culture

The experiment was carried out with two factorstdeal randomized
complete block design with 4 replications. Two otét systems (solid culture and
cotton support liquid culture) were applied as dack and 8 different concentration
and combination of PGRs (2 mg-LBA, 4 mg.L* BA, 2 mg.L'* BA + 0.5 mg.L*
NAA, 4 mg.L* BA + 0.5 mg.Ll* NAA, 1 mg.L* TDZ, 2 mg.L* TDZ, 1 mg.L* TDZ +
0.5 mg.L' NAA and 2 mg.[' TDZ + 0.5 mg.[* NAA) were factor B. Sixteen
treatments were tested in this stage. Three exphlamete cultured in each vessel.
Twelve explants were cultured for each treatmentgglication.

In vitro last emerging leaves were used as the explarse(FPl A). Young
leaves (0.5 — 2 cm) were excised to get thin sest{@- 2 mm) explants (Plate 7. B).
The explants were cultured on the ¥ MS basal mediontaining 20 g.I* sucrose
and supplemented with different concentrations Af(B and 4 mg.[}), TDZ (1 and 2
mg.L™) individually or in combination with 0.5 mgANAA,. The solidified medium
supplemented with 7 gkagar and liquid medium supported with cotton w@m
in thickness. The volume 30 ml medium was dispensgal each bottle for solid
culture medium. Medium was adjusted at pH 5.7 lgefartoclaving. Cultures were
incubated into darkness for 2 weeks to reduce ghenalation, and then transferred
to 16 h photoperiod, 20-40 pmofst and temperature 25 + 1 °C. Data were
collected within 6 to 10 weeks. After 6 weeks crdtuPLBs were emerged and

developed.

Plate 7. PLB induction ain vitro leaf culture (A)In vitro leaf material (B) 2 mm
thin sections leaf explant
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3.4.2 Effects of three culture systems on PLB prdération

Two factors factorial CRD with 4 replications wearsed as the experimental
design. Five PLB explants were cultured in eachselesFifteen explants were
cultured for each treatment per replication. Theab&: MS medium supplemented
with 20 g.L* sucrose, 100 ml coconut water and 150 rid.t glutamine was used.
Treatments in this stage are solid culture, ligoudture and cotton support liquid
culture.

PLBs obtained from leaf culture were used as thpdagts materials for PLBs
proliferation (Plate 8). The PLBs clusters obtairfiexn leaf culture were separated
and approximately 5 mm size PLB was selected andleti into 4 pieces and
cultured on the solid, liquid and cotton ¥+ MS medigupplemented with 20 gL
sucrose, 7 g.t agar, 100 ml coconut water and 150 myll- glutamine for PLBs
proliferation. The volume 40 ml medium was dispehs#o the culture bottle and
media was adjusted at pH 5.57 and autoclaved & Q@2Zar 15 minute. Five explants
were cultured in each bottle. Cultures were kepdeunl6 h photoperiod, 20-40
pumolm®s? light intensity and temperature 25 + 1 °C. Dataeseollected within 2 to
10 weeks. PLBs were developed to shoots within é2ks after culture.

- ‘r-|;ilp—¢.—-||- f"li--.'-'-“l- 1II; |
| . i | | :
|

I|
I
. [

Plate 8. PLB proliferation ofn vitro PLB derived from leaf culture (A) PLB
obtained from initial culture and used as explanaterial for PLB
proliferation (B) Excised PLB segment of 2 mm indéh
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3.4.3 Effects of wo basal nedium with and without PGRs onrooting of shoots

developedfrom PLB

In this stageeffecis of two basal media VW and MS medigpplemented with
and without plant growth regulatc on rooting of shoots were compa. One or two
shoots developeBLBswere selected and transferretbithe medi: Shoots with 2-3
leaves developeflom PLBs were cultured on the VW and MS na containing with
the combinationsf 0.1 mg.L! BA and 1 mg.[* NAA and those without PGI (Plate
9). Culture media were adc 30 g.L'* sucrose, 5 gt agar and 2C ml.L™* coconut
water. Media were adjusted at pH 5.56 the volume 30nl media were dispensec
each bottleAnd then these cultures weautoclaved at 121° C for 15 rute. Three
explants were inoculated into each botiNine explants were cultured for ee
replication.Randomized complete block dgn (RCBD)with 3 replications was use
as the egerimental desi¢c. Cultures were maintained unde8 Fours photoperiod,
15-25 umolm?s* and temperature 25 + 1 ¢ Data were collected within to 20

weeks. Complete plantlets were observed within 28ks after cultur

Shoot developed from PLB
Plate 9. Plantlets regeneration of shoot develofrech PLB
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3.4.4 Data collection

Effects of two culture systems and different PGRsagimes on PLBs induction
from in vitro young leaf culture
The following data were collected within 6 weekslbweeks after culture for
PLBs induction fromin vitro leaf;
1. Survival %
2. PLBs formation %
3. Number of PLBs per leaf explant
Effects of three culture systems on PLB proliferatn
The following data were collected within 2 weekslbweeks after culture for
PLB multiplication from PLBs derivenh vitro leaf;
1. Survival %
2. PLBs formation %
3. Number of proliferated PLBs per PLB explant
Effects of Two Basal Medium with and without PGRs o Rooting of Shoots
Developed from PLB
The following data were collected within 6 weeksltbweeks after culture for
rooting of shoots developed PLB from leaf;
1. Survival %
2. Number of roots per shoot explant
3. Roots formation %

3.5 Data Analysis

The collected data were statistically analyzed byngithe SAS 9.0 version.

Treatments means were compared at 5% level offsigni difference (LSD).



CHAPTER IV
RESULTS AND DISCUSSIONS

4.1 Experiment 1. Effects of Different Nodal Positins of flower Stalk on Shoot

Induction, Multiplication and Root Regeneration
4.1.1 Effects of different nodal positions of flowestalk on shoot induction

The different responses of nodal positions wereriesd in Table 1. Effects
of different nodal positions (1- 6 nodal segmeuwfsjlower stalk were observed on
days to bud swelling of node (Pr>F=0.009) and thwses not significant difference
among each other in survival and number of shoetsnpdal explant parameters.
Flower stalk buds became active and started vegetgtowth and swelling at two
weeks after culture. After 4 weeks culture, shaoerged and fully developed with an
elongated stalk. All buds were observed breakiriwilO to 30 days. Similar result
was reported by Tisserat and Jones (1999) andépeyted that nodal buds on flower
stalk emerged and shoot induction was occurredinvit® to 30 days. Sixth nodal
position from base to top of flower stalks showadier response in bud breaking (12
days) than the other nodal positions. It might be tb the capacity of active bud. The
late response was observed froffiéhd & nodal position (22 and 23 days). The bud
swellings of £, 4" and %" nodal positions were observed as 20, 18 and 15 alfagr
culture, respectively (Table 1 and Plate 10).

The survival percent of nodes from all differentdab positions were not
significantly different each other. However, thexmaum survival percent (87.5 %)
was observed from"? 4" and %' nodal positions of flower stalk and minimum
survival percent (50%) from%nodal position.

Effects of different nodal positions of flower $tadbn number of shoots per
node explant are shown in Table 1. Numbers of shpet node explant obtained
from different nodal positions were not statistigalifferent among the explants but
numbers of shoots per nodal explant were lessjr?f and 3 nodal positions of
flower stalk than the upper nodal segment$ &' and 6" nodes). One or two shoots
per node explant were observed from all nodal rstin shoot inductionFlower
stalk node cultured show 3 growth types - dormaegetative shoot and reproductive
shoot inPhalaenopsis orchid (Tsao et al. 2008). Similar result was obseé in this
study. Most of the vegetative shoots developed friibhi buds of lower nodal
segments and reproductive shoots develop from uppeal segments of flower stalk.
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The same response was occurred due to the flowstimgilant that exists in stalk
tissue. Tanaka et al. (1988) found Rhalaenopsis that upper nodal segments
produced flower stem. Among the different nodalifpmss, upper nodal position that
near the first flower showed more shoot inductioont the base of the flower stem
after 9 weeks cultured than lower nodal positidisnilar finding was observed in
Tsao et al. 2008 they stated that nodal positi@as the first flower more pronounced
to induce the flower stem before producing the ipl@tshoots at the base of it.

In this experiment, all nodal positions of flowetalk showed bud break
response irphalaenopsis amabilis. This is in contract to the most of the several
reports that presented the lower 1st node wasdhaaht bud irPhalaenopsis orchid.
Griesbach (1983) stated that dormant bud was preseithe basal part of the
inflorescence but that were used as the explantsirfovitro propagation of
Phalaenopsis orchid. However, it was observed that BA supplei®@rmedium can
break the dormancy of basal flower stalk node. Raret al. (2012) also stated that
BA have beneficial effect for better response ind bbreaking and shoot
multiplication. Tsao et al. (2008; 2011) also reépdrthat 5 — 10 mg:L BA was found
as the suitable range for the good shoot induaiwsh multiplication for lower nodal
positions of flower stalk. While 2 mgliBA level was observed as the best result for
shoot induction than the other cytokinin treatments Phalaenopsis and
Doritaenopsis (Wu and Chen 2008). But, in this study, MS medisupplemented
with the combination of 2 mg:t BA and 0.5 mg.[! NAA was used as the basal
medium for flower stalk node culture. This might the reason for obtaining better
shoot formation due to the synergistic effect ofoknin and auxin in this study.
Balilashaki et al. (2014plso found that the combination of 4.4 m§.BA and
1 mg.L* NAA supplemented MS medium showed highest shoondtion from
flower stalk node culture dPhalaenopsis amabilis cv “Cool Breeze”.Similar result
was observed from Devi et al. (2013) they repotted combined effect of 4 mg'L
BAP and 2 mg ! NAA gave best response in number of shoot peraexplfrom

different explants oferidesodorata Lour. an endemic orchid.
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Table 1. Effects of different nodal positions of fiwer stalk on survival %,

number of shoots per explant and days to bud swatlg in shoot

induction
Positions of node on . Number of shoots  Days to bud
flower stalk Survival % per explant swelling
1 62.5 1.00 20.0 ab
2" 87.5 1.00 22.0a
3¢ 50.0 0.88 23.0a
4" 87.5 1.31 18.0 abc
5" 87.5 1.68 15.0 bc
6" 62.5 1.25 12.0¢
LSD 1.3 0.86 6.5
Pr>F ns ns *x
CV % 45.9 71.5 35.4

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected from 3 weeks to 1&kseafter cultured.
ns: No significant ** Significant at 1% level

A C

Plate 10. Shoot induction from different nodal poss of flower stalkin vitro 11
weeks after culture (A) Shoot of hode (B) Shoot of"® node (C) Shoot of'3
node (D) Shoot ofZnode (E) Shoot of'5node and (F) Shoot of'éode
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4.1.2 Effects of different nodal positions of flowestalk on shoot multiplication

Shoots obtained from different nodal positionsloiver stalk were tested for
regeneration (Table 2 and Plate 11). Different iplitation results were observed in
10 weeks after culture. The survival percent ofl@xs from different nodal positions
were not markedly different among each other. Thesbon 2% and & nodes
produced maximum survival percent (57 %) while miam survival percent (42 %
and 43 %) were observed frorff 4nd ' nodal positions. Other nodal positions of
flower stalk, 8" and 8" gave 53 % and 55 %, respectively.

Shoot regeneration percentage recorded from diffemedal positions were
not significantly different among each other. Albdal positions showed good
response in multiplication stage. This might beéu@hced by the blooming situation
of mother plant. (David and Bala 2012) reported tha stalks on which only a few
flowers (3 to 6) blooming are found as the besiahto use for micropropagation.

Number of shoots per explants was significantlyfeddnt among the
treatments (Table 2). The maximum number of shpetsnode explant (7.8) was
resulted from ? nodal position followed by 3.3 in"hodal position, 2.5 in'3nodal
position, 2.3 in T node, 2.00 in B node of flower stalk and minimum number of
shoot 1.7 in B nodal position. Chang (2015) reported that lonadenpositions (f,
2" and & near the mother plant showed better shoot foomahd multiplication in
Phalaenopsis orchid. InPhalaenopsis orchid, flower stalk stem received assimilates
from leaves and photosynthesized itself with we&MC During flowering time, all
assimilates were transported to the inflorescedaeording to the pressure flow
hypothesis, photoassimilates from leaves (sourcefewnoved within phloem by
hydrostatic pressure to the flower (sink) acrose flower stalk. During the
transporting period, the situation of assimilatacteed in flower stalk node can vary
according to the nodal positions. Moreover, thst firode seems to be latent bud than
the 29 and & nodes and the upper nodes near the flower may trevdlower
stimulant. Therefore, explants from middle portioh flower stalk showed better
shoot regeneration capacity.
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Table 2. Effects of different nodal positions of fiwer stalk on survival %, shoot

regeneration % and number of shoots per explant in shoot

multiplication
N . Shoot Number of shoots
Nodal positions Survival % _
regeneration % per explant
1° 42.9 100.0 23b
one 57.1 100.0 7.8a
3 57.1 100.0 25b
4t 42.1 100.0 3.3b
5ih 53.3 100.0 1.7b
6" 55.6 80.0 20D
LSD 0.3 0.3 1.9
Pr>F ns ns *
CV % 33.1 33.1 119.0

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected at 10 weeks afteiuced!.

ns: No significant * Significant at 5% level

Plate 11. Shoot regenerationinfvitro shoot derived from flower stalk node culture
10 weeks after culturd) 1% node (B) 2% node (C) & node (D) 4 node
(E) 5" node (F) & node
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4.1.3 Effects of different nodal positions of flowestalk on root regeneration

In rooting stage, shoots obtained from various hdaitions were cultured
on the MS basal medium to test the effect of defifiémode (Plate 12). The effect of
node positions on survival percent, root formatparcent, days to induce root and
number of roots per explants were described in & 8blSignificant effects of nodal
positions were observed in all parameters excaphal percentage.

There were highly significant differences among nioelal positions in day to
induce root and root formation percent paramefgms. shoots develop from®hode
(94 days), # node (98 days) and™snode (96 days), receptively showed early
response than the other treatments. The maximutrfaounation percentage (88.9 %)
and 3.3 roots per explant were observed in shdwired from % node and 60 %
root formation with 1.6 roots per explant and 58%4oot formation with 1.5 roots
per explants were observed in shoots frdtadd 29 node, respectively. It is point to
be noted that root induction was not observed gothdeveloped from®Inode.

Although 2" node showed latest response in days to inducelvetter results
were observed in all parameters than thesd ' flower nodes. It might be assumed
that the growth habit of"2 node that enhanced vegetative growth and take timee
for shooting than the other node. Therefore, thg rbdes delay for plantlets
formation.In this stage, shoots developed froffi @odal segment multiplied and they
take time to induce root while3 4" 5" and &' nodal segments showed early
response and complete plantlets. The shoots dealdrom %' and &' nodal
positions showed early response and low root regéna capacity than the shoots
developed from %, 39 and 4" nodal positions. Therefore, the middle positiofis o
flower stalk stem should be used as the explantshi® commercial production of
complete plantlets by using flower stalk node aaltu
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Table 3. Effects of different nodal positions on swival %, root formation %
days to induce root and number of roots per explarst in rooting of

shoots
. . Number of
Positions of i Root Days to induce
Survival % ) roots per
node formation% root
explant

15 33.3b 00.0¢c o 0.0c
2ne 97.9a 58.4 b 109.0 b 1.5b
ch 88.9 a 88.9 a 94.0 b 3.3a
4t 93.3a 60.0 ab 98.0 b 1.6b
5 44.4 ab 11.1c¢ 96.0 b 0.7 bc
6" 88.9 a 44.4 b 107.0b 1.0 bc
CV% 41.5 7.9 8.6 59.5
Pr>F nS *% *% *%

LSD 0.54 0.1 16.5 1.5

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected at 21 weeks aftetucedl.

ns: No significant ** Significant at 1% level o = no root formation

Plate 12. Root regeneration of plantlets from flowtalk node culturen vitro 20
weeks after culture (A)Sinode (B) 2° node (C) & node (D) 4' node (E)
5™ node (F) & node



30

In experiment 1, survival percentage and numbeshafots per explant in
shoot induction stage were not markedly differentshoot induction of all nodal
positions. All nodal positions showed similar respe. However, upper {4 5" and
6™ nodal positions showed earlier response thanawer (&, 2" and ) nodal
positions. Although the latest response in daybud swelling was observed 1?2
and 3 node, the growth performances are good like otieglal positions. In shoot
multiplication, survival and shoots regenerationrcpatage were not markedly
different among all nodal positions. Neverthele®s, 39 and 4" nodal positions
showed better shoot multiplication than tt& 8" and &' node. In rooting stage3
nodal position showed good result in all paramé&antlets obtained from'®and &'
nodal positions also give the better results a5l and &' node.

Therefore, the middle parts of the flower stal®,(3% and &) nodal positions
should be used for commercial plantlets productfomong the three nodal positions,
2" node showed significant response in all paramétemultiplication stage.
Therefore, ¥ nodal position (counted from base to top) can ssumed as the

suitable explant for micropropagation of orchid.



31

4.1.4 Hardening of plantlets from flower stalk node culture

In pre-hardening stagdeaf color of the plantlets graduairnedto dark green
and healthy due to the receivingsemi and alternatgun light and air. Afte7 weeks,
plantlets were transferred to the outside conditHundred percensurvival was
observed in hardening stage after 2 months of transiplg from culture vessel
outside environmer(Plate 13.

Pre-hardeningplantlets on moss ar

charcoal in culture bott

Hardeningplantlets on moss ar
charcoal irculture bottle

Plate 13Hardening stacs of plantlets obtained from flower stalk node cut
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4.2 Experiment 2. Effects of PGRs and Culture Systes on PLBs Induction and

Proliferation of In Vitro Leaf Culture
4.2.1 Protocorm like bodies (PLBs) induction

Table 4 shows the effects of PGRs and culture systen survival percent of
PLBs induction fromin vitro leaf culture. After 42 days’ culture, the explants
produced protocorm like bodies. These PLBs growl@whme green within 70 days
after culture. There were significant differencesoag the survival percentages of
explants grown on different plant growth regulati@atments but non significantly
different was observed among the culture systeraatrtrents. PLBs formation
percentage resulted from PGR and culture systems mag significantly different. In
number of PLBs per explants, highly significantfeliénce was observed among the
PGRs treatments but not found in culture systemnsH® 0.006). In all parameters,
differences between culture systems were not found.

Among the PGRs treatments, maximium survival pedrd@i.4 %) was
obtained from 1 mgt TDZ and 0.5 mg.l'! NAA supplemented medium and
minimum (34.4 %) observed from 4 m@.BA and 0.5 mg.! NAA contained
medium. In survival %, all TDZ treatments showedtdresurvival % than BA
treatments. It would be due to the activity of TD@rmone. Guo et al. (2011)
reported that survival mechanisms of plant tissused for asexual reproduction are
triggered by TDZ hormone.

Maximum PLBs formation percent (81.2 %) was resufi®m the medium
supplemented with 2 mgBA and 0.5 mg.* NAA but number of PLBs per explant
(4.8) was obtained (Plate 14). This finding is $&miwith the experiment in
Phalaenopsis amabilis (L.) BL. cv. '‘Golden Horizon' an&halaenopsis amabilis (L.)

Bl. cv. Lovely done by Sinha and Jahan (2011) amth&et al. (2010), they found
that BA-NAA combinations increased the rate of PinBuction and the optimum
concentration of BA and NAA was 2.0 and 0.5 mb.in which 80 % of PLBs
formation percent and 15 PLBs per explant were mesein Phalaenopsis amabilis
(L.) BL. cv. 'Golden Horizon' and 75 % PLBs fornmatiand 10 PLBs per explant
found in Phalaenopsis amabilis (L.) Bl. cv. Lovely. However, number of PLBs was
different from this study. In this fact, genotypeay be the main factor that can vary
regeneration capacity. PLB formation percent (B&)sand maximum 7.1 PLBs per

explant were obtained from 2 mg.BA contained medium. Effects of TDZ and BA
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on the protocorms induction in two orchid speciBbalaenopsis cornu-cervi and
Phalaenopsis aphrodite spp. Formosana were studied by Feng and Chen (201#)
Rittirat et al (2014). They observed that TDZ is more effectivanttBA in PLB
induction but the current study was against withsthresults. It may be due to the
possible effects of different genotypes (Mohammadile 2014) Balilashaki and
Ghehsareh (2016) also reported that BAP was méeetefe than TDZ and maximum
number of PLB 50.65 obtained from 15 mg.lBAP and 3 mg.l'! NAA in
Phalaenopsis amabilis var. ‘Manila’.

There was an interaction effect between plant drowgulators and culture
systems in survival percent and number of PLBsepptants parameters (Table 4). It
stated that the used of plant growth regulatorsbheawaried according to the different
culture systems. According to the finding of thtsidy, TDZ was found as more
effective than BA in solid culture while BA was neoeffective in cotton support
liquid culture for PLBs formation. It can be assuh@s not only the release effect of
TDZ and BA but also the uptake nutrient effect ofture systems. Solid culture
maintains nutrient uptake of explant because salitlre is the low release nutrient
although TDZ is stable and it has the active raedfect. Kuria et ali2008) reported
that solid media have lower ability to absorb thérients compared with liquid
cultures. In cotton support liquid culture, theraswthe positive effect of BA due to
the fast nutrient absorb of culture system and sklease of hormone. According to
the interaction effect, there was no difference agnthe solid and cotton support
liquid culture. However, cotton support liquid eukt gave better result in PLBs
formation than the solid culture for mass propagatiThis finding was agreed with
Park et al. (2002) who tested the solid, liquidtt@mo cultures and the maximum

number of PLBs (20 per explant) were obtained feosingle PLB in cotton culture.
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Table 4. Effects of different PGRs and culture sysim on survival %, PLBs

formation % and number of PLBs per explant in PLBsinduction of

leaf culture
Treatments Survival % PLBs formation % Number of PLBs

per explant

PGR (mg.L%)

2.0 BA + 0.0 NAA 44.6 bcd 76.6 a 7.1a

4.0 BA.+ 0.0 NAA 45.8 abcd 68.1a 5.4 ab

2.0 BA.+ 0.5 NAA 41.6 cd 8l.2a 4.8 abc

4.0 BA + 0.5 NAA 34.4d 65.0 ab 2.3cC

1.0 TDZ + 0.0 NAA 57.4 abc 37.4b 26¢C

2.0 TDZ + 0.0 NAA 49.0 abcd 58.4 ab 5.9ab

1.0 TDZ + 0.5 NAA 614 a 57.9 ab 3.6 bc

2.0 TDZ + 0.5 NAA 59.3 ab 58.9 ab 2.3¢C

LSD 16.5 28.9 2.6

Culture Systems (CS)

Solid culture 515a 61.7 a 46 a

Cotton culture 46.8 a 64.2 a 44 a

LSD 8.3 14.5 1.3

CV% 33.5 45.7 57.6

Pr>F

PGRs * ns *x

CS ns ns ns

PGRs * CS * ns i

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected from 6 weeks to 1@ksaafter cultured.

ns: No significant ** Significant at 1% level  * Sigicant at 5% level
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' '-. ‘ 'L::-d

BA2mgl!  BA4mgl®!  BA2mg.LM BA 4 mg.L+
0.5 mg.L! NAA 0.5 mg.L* NAA

Solid MS basal medium supplemented with BA hormone

&

BA 2 mg.L! BA 4mg.L"t BA 2 mg.L + BA 4 mg.L1+
0.5 mg.L” NAA 0.5 mg.L” NAA

Cotton MS basal medium supplemented with BA hormone

TDZ 1 mg.L* TDZ2mg.l'!  TDZ 1 mg.l'+ TDZ 2 mg.L*+
0.5 mg.L" NAA 0.5 mg.L* NAA

Solid MS basal medium supplemented with TDZ hormone

TDZ 1 mg.L* TDZ2mg.l!  TDZ1 mg.l'+ TDZ 2 mg.L*+
0.5 mg.L'NAA 0.5 mg.L'NAA

Cotton MS basal medium supplemented with TDZ horenon

Plate 14. PLBs induction frorm vitro leaf culture in different treatments 8 weeks
after culture
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4.2.2 PLB proliferation of PLB developed from leafculture

Table 5 shows the effect of three culture systeso$id, agitated liquid and
cotton support liquid culture) on survival % of éxqts, PLBs formation percent and
number of PLBs per explant in PLBs proliferationgliy significant difference was
observed in survival percent of cultured PLBs amtirgyculture systems. Maximum
survival percent (72.9 %) was obtained from cotsoipport liquid medium. PLBs
formation percent and number of PLBs per explandsewnot statistically different
among the treatments but maximum PLB formation #90and 10.8 PLBs per
explants were resulted from the explants cultunedh@ cotton support medium. A
hundred percent PLBs formation was observed irdsatid cotton support culture
medium. Number of PLBs per explants 9.5 was obskirveolid culture while liquid
agitate culture gave 8.1 PLBs per explants.

The result in this study was supported by the figdof Myint et al. (2001)
who stated that cotton culture gives the betteultes PLBs regeneration than solid
culture. Liquid medium supporting with cotton afisrbetter aeration to explant, limit
the exposure to water and nutrient, and reduceeffext of phenol oxidation of
explant. Most of PLBs resulted from solid cultuteowed pale in yellow color than
the other culture systems in this research (Pl&)e Kuria et al. 2008 reported that
lower development rate of plantlets and lower ugsa&f nutrients were observed in
solid media compared to liquid medMost of the proliferated PLBs in liquid culture
were found as suffering from hyper hydricity andrenphenol exudation. Vyas et al.
2008 reported that explant cultured directly omililgmedium caused hyper-hydricity
of tissue, rapid spread of contaminants, and @tntsphyxiation because of the lack
of agar. Therefore, it was observed that liquidiuzel system needs more frequent
subculture than the solid and cotton support celtukll parameters of PLBs
proliferation from leaf explants cultured on cottempport medium was better than
those from the solid culture (Plate 15). Explamtsolid medium directly expose to
the phenol than the cotton culture systems. Thezefootton support liquid culture

can be assumed as the suitable culture systenLBg proliferation.



37

Table 5. Effects of culture system on survival %, PBs formation % and
number of PLBs per explant in PLB proliferation of leaf culture

Number of
_ PLBs
Culture Systems Survival % . PLBs per
formation %
explant

Agitated Liquid Culture 38.3b 97.5 8.1
Solid Culture 346b 100.0 9.5
Cotton Support Liquid Culture 729 a 100.0 10.8
LSD 1.4 0.2 4.7
CV% 12.7 15 30.9
Pr>F o ns ns

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected from 2 weeks to 1@kseafter cultured.
ns: No significant ** Significant at 1% level

Plate 15. PLBs proliferation from developed PLBsv8eks after culture (A) PLB
multiplication on liquid medium supported with aoit (B) PLB
multiplication on solid medium (C) PLB multiplicatn on liquid medium
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4.2.3 Root formation on shoot developed from PLB

The effects of MS and VW media with and without FGRR rooting of shoots
developed from PLBs derived leaf culture were €tddn this stage. Table 6 and plate
16 shows the results of different media on survipatcentage, root formation
percentage and number of roots per explant. Inieraeffect between plant growth
regulator and culture media were not observed lipadameters. Highly significant
differences were observed in all parameters ambegrtedia treatments. Maximum
survival 98.2 % was observed in VW medium and munmb59.2 % survival in MS
media. In root formation percentage, modified VWdmen was significantly higher
than MS medium. Maximum root formation 49.9 % and Rots per explant were
observed from VW medium while minimum 11 % and rhats per explant from MS
medium. The results observed in all parameter®aif induction on shoot developed
from PLB showed that VW medium was better than Rkate 16). Similar result was
reported by Myint et al. (2001). It was found th&t/ medium was better than the
Hyponex (H), New Docashima Medium (NDM) media footing of Phalaenopsis
species. In this study, it was observed that stdewéeloped from PLB cultured on the
MS medium produced PLBs at the basal of the shodtpant performance is not
good. Shoot from VW medium showed good plant perorce and root formation
but PLBs were not observed (Plate 16 . A and Bjs ©bservation is against with the
Prasongsom et al. (2016). They studied the effeeavous medium on the shoot tip
culture ofRhynchostylis gigantea (Lindl.) Ridl. (amethyst-purple), a rare Thai omthi
specie. In this observation, modified VW medium didt produce plantlets, but
induced PLB formation in root induction stage. dinche assumed that the nutrient
requirements for orchid cultures that can be vaspethd on the different among
species (Kauth et al. 2008). Another factor infleeerto form adult plant is the
chemical composition. VW medium used in this expemnt is not contained
ammonium nitrate and and MS medium contained higbuat of ammonium nitrate
and potassium phosphate. Kosir et al. 2004 repatiatl short and small shoot
without root were observed on medium containinghbgl concentration of
ammonium nitrate and potassium phosphate and plduit were occurred in medium

containing the lack of ammonium nitrate and thedoamounts of iron
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Table 6. Effects of media on survival %, root forméon % and number of roots
per explant in root regeneration of shoot developeétom PLB derived

leaf culture

Treatments Survival % Root formation %Number of roots
per explant

PGR (mg.L%
Free PGRs 79.6 27.7 2.2
0.1 BA + 1 NAA 77.7 33.3 2.2
LSD 16.6 15.4 0.9
Media (M)
VW 98.2 a 499 a 3.2a
MS 59.2 b 110b 1.1b
LSD 16.6 15.4 0.9
CV% 15.8 37.9 38.6
Pr>F
PGR ns ns ns
M *% ** **
PGR*M ns ns ns

Means followed by the same letter in each colunenrat significantly different at
5% level. Data were collected at 17 weeks afteiuced!.

ns: No significant ~ ** Significant at 1% level

Plate 16. Root regeneration of shoot developed fpoliferated PLBs (A) VW
medium without PGRs (B) VW medium with PGRs (C) Ni&dium
without PGRs (D) MS medium with PGRs



CHAPTER VI
CONCLUSION

Among the responses of different nodal positiondl@iver stalk node on
shoot induction ofPhalaenopsis amabilis in in vitro culture, 29 4" and %' nodal
positions gave maximum survival percent afichbdal gave the maximum number of
shoot per node explant that were cultured on the bdSal medium supplemented
with 2 mg.L.* BA. However, 2% nodal position gave highest frequency of
multiplication in term of maximum number of shogisr node explants followed by
4™ and 3 than the other nodal positions in shoot to shooltiplication. In rooting
stage, % nodal position showed better root formation perfances than other
treatments followed by”hand 29 node. In hardening stage, 100 % survival was
observed from these middle positions of flowerkstaf' node at the base, last node
(just below the flower) should not be used as nmten in vitro propagation.
Therefore, it can be concluded that middle portiohiower stalk node are suitable
for production ofPhalaenopsis amabilis by using tissue culture.

In the effect of different concentration and conabion of plant growth
regulators and two culture systems on PLBs indnatiin vitro leaf culture, 2 mg.t
BA supplemented medium gave maximum number of PiBm leaf explants.
Interaction effect was also observed among the P&Risculture systems. Cotton
support liquid culture medium supplemented with @ It BA gave maximum PLBs
formation percent and number of PLBs per explantsolid culture, 2 mg.tt TDZ
showed maximum survival percent and number of PpBs explants in PLBs
induction. For PLB multiplication, cotton supportuid medium gave maximum
survival percent, PLBs formation percent and nundiePLBs per explants. Cotton
support liquid medium was found as the most efficienedium for both PLB
induction and multiplication. In rooting stage, st®developed from PLBs cultured
on the modified VW medium gave better result in tranduction and plant
performance.

Therefore, cotton support liquid medium is recomdadate for PLB induction
and multiplication in leaf tissue culture Bhalaenopsis amabilis in vitro cloning.
PGRs should be chosen based on the different eulystems. TDZ hormone is
suitable as the growth promoter in the solid celtaredium while BA hormone is

advisable in the cotton support liquid culture no@di Modified VW medium should
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be used as the rooting medium for shoots develdpmed PLBs in Phalaenopsis
amabilis orchid.

In this study, higher multiplication rate throughB3 was observed in leaf
culture compared with shoot multiplication througbde culture (Table 7). It was
noticed that, plantlets obtained from flower statide culture were bigger in size and
looks healthy. The plantlets obtained from leafuna were small and need more time
to transferex vitro condition. Therefore, it can be concluded thaw#r stalk nodal
culture should be used to obtain the healthy pdéstithin the short period. Leaf
culture should be used to obtain huge number aitlets (Plate 17).



Material for Node culture Shoot (11 week Multiple shoots Rooting (23weeks
node culture (10 weeks)

Materials for leaf explant: PLBs induction PLBs proliferation
leaf culture (11 weeks) (10 weeks)

Plate 17Protocol for regeneration of flower stalk node grétancin vitro leat culture inPhalaenopsis amabilis

Hardening
(2 month)

Rooting (20 weeks)

A%



Table 7. Comparison between node and leaf cultur@iterms of time required to obtain plantlet and mutiplication efficiency

(15 months)

Stages Flower Stalk Node Culture Stages In Vitro Leaf Culture

Time requirement | Multiplication efficiency Timequirement| Multiplication efficiency
Initial stage 11 weeks 2 shoots per node explanttiallistage 10 weeks 7 PLBs per explant
Multiplication Multiplication

10 weeks 8 shoots per explant 11 weeks 10 PLBs per explant
stage stage
Rooting stage 23 weeks - Rooting stage 20 weeks -
Pre-hardening Pre-hardening

7 weeks - -
stage stage
Hardening 8 weeks - Hardening - -

59 weeks
Total Total

ev
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Appendix 1. MS powder, Plant growth regulators, Agar
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Appendix 2. Chemical Composition of Vecin and Wen{VW) Medium Used

in Rooting onIn Vitro Young Leaf of Phalaenopsis amabilis

Concentration stock

Chemical Concentration in medium solution

(1 liter)
NH;SO, 500.00 mg 50.00 g (100x)
KNO3 500.00 mg 50.00 g (100x)
MgSOy 250.00 mg 25.00 g (100x)
KH,PO, 250.00 mg 25.00 g (100x)
FeSQ 27.80 mg 2.78 g (100x)
MnSQO, 7.50 mg 1.50 g (200x%)
Ca(PQy)° 200.00 mg 40.00 g (200x)

Thamine HCL 0.40 mg 0.08 g (200x%)
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Appendix 3. Chemical Composition of Murashige & Skog (MS) Medium
Used in Rooting onlIn Vitro Young Leaf of Phalaenopsis
amabilis

o ) Concentration stock
Concentration in medium

Chemical solution
(1 liter) )
(1 liter)

NHsNO3 1.6509 165.00 g (100x)
KNO3 1.900g 190.00 g (100x)
CaCb.2H,0 0.440¢g 44.00 g (100x%)
MgSQO,.7H,0O 0.370 g 37.00 g (100x%)
KH,PO, 0.170g¢g 17.00 g (100x)
FeSQ.7H,O 27.880 mg 2.78 g (100x)
NaEDTA 37.300 mg 3.73¢g (100x)
H3BO, 6.200 mg 1240.00 mg (200x%)
MnSOy.4H,0 22.300 mg 4460.00 mg (200x)
ZnSQ.4H,0 8.600 mg 1720.00 mg (200x)
Kl 0.830 mg 166.00 mg (200x%)
NaMoO,.2H,0O 0.250 mg 50.00 mg (200x)
CusSQ.5H,0 0.025 mg 5.00 mg (200x)
CoCl.6H0 0.025 mg 5.00 mg (200x)
Nicotinic acid 0.500 mg 100.00 mg (200x%)
Pyridoxin HCL 0.500 mg 100.00 mg (200x%)
Thamine HCL 0.100 mg 20.00 mg (200x)
Glycine 2.000 mg 400.00 mg (200x%)

I-inositol 100.00 mg




