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ABSTRACT

The experiment entitled Studies onvitro Propagation inAlstroemeria
cv. Pluto was conducted to standardize protocobgaptic establishment, callus
induction, proliferation, and rooting from rhizonti@s, rhizome sections, shoot
tips, shoot nodal segments and inflorescence bddgest culture asepsis of
79.20 per cent at 2 weeks of culture and 68.0&eet at 4 weeks of culture was
recorded in rhizome tips following sterilizatioreétment with Carbendazim 200
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supplemented with BAP + IBA: 1.5 + 0.2 md proved best for culture
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of (78.25 %) in rhizome tips and (40.24 %) in casehizome sections. Callus
induction was highest in MS-solid medium fortifiasth BAP + NAA: 0.5 + 4.0
mg I'. Rhizome tips cultured on MS-medium BAP + IBA + GA Activated
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Chapter — 1
INTRODUCTION

Alstroemeria also known as Inca lily, lily of Incas Peruvian lily, is a
rhizomatous monocot belonging to the famiystroemeriaceaeAlstroemeria
hybrids are very popular cut flowers occupying posiwithin top ten cut flowers
of the world due to diversity of colours, low engmgquirement and longer vase
life. Alstroemeria are also grown as bedding otgubplants (Bridgen, 1997) and
has a premium potential as a cut flower crop inperate and sub temperate areas
of the country especially of Himachal Pradesh, Jamemd Kashmir, Uttar
Pradesh, Uttaranchal, West Bengal and Nillgirishdf Tamil Nadu. The increase
in production area and the introduction of new dbrby breeding have
necessitated development of efficient methods ftoning, since modern
Alstroemeria hybrids are often sterile (triploidshd can only be propagated
vegetatively. Alstroemeria are conventionally prggted vegetatively by rhizome
division but it is inefficient, time consuming, n@ces large area for maintaining
stock plants and contributes to the spread of dis¢ases. Globally, the demand
for clean healthy plant materials for agricultuteorticulture, forestry and
ornamental industries is in excess of 16 trilligntsi per year, which equals US$ 4
trillion. For ornamentals, it is estimated that tiiebal sale of cut flowers and pot
plants is US$ 90 and 60 billion, respectively. freduction of ornamentals by
commercial micropropagation was in 1986, 130 millpants globally. Over one
billion ornamentals are produced yearly through ropcopagation (Prakash,
2009).

Alstroemeriaplants consist of a sympodial fleshy, multi-stemm@dome
from which shoots and fibrous roots arise. Som#neffibrous roots latter become
thickened storage roots as the plants develop. Stheage roots are called
‘Radices Medullosae’ The shoots can be either reproductive or vegetati
depending upon the environmental conditioAsstroemeriashoots produce a

whorled cymose inflorescence. Each cyme is symfigdmmanched with up to



five florets that open one after another. The skxasats of the flowers are
dichogamous. The stamens open first and shed plodare the stigma becomes
receptive. The flowers come in a variety of cololtsst-harvest life is terminated

by petal drop or yellowing of the leaves or both.

There are several commercial cultivars Alstroemeriaavailable. Van
Scheepen (1991) gave descriptions of species anddimmon ones include.
aurea A. brasiliensj A. caryophyllaeaA. chiliensis A. ligtu, A. pelegrina A.
psittacina etc. Among the cultivated\stroemeria Ligtu hybrids (LH) have
originated from a natural crossing betwean ligtu and A. ligtu spp. Simsii
(Robinson, 1963). They are widely used for cut #osvin Japan. On the other
handA. pelegrinavar.rosea(PR) is dwarf and has large flowers. The interdjeci
hybrids between LH and PR have also been produsbikd&waet al.,1997).

Alstroemeriais a relatively recent introduction into the wosl@oriculture
scene and has become a major cut flower. It is adésal as a potted flowering
plant for the home decoration and as an herbacemgscape plant in the mild
climates. Plants have routinely survived in the Heédands and in Maryland
(Zone-6) in the United States. Cultivars are pa&@nand growers must sign

agreements. Division is not legal unless authorized

In India Alstroemeriais a recent introduction. The crop was introduiced
2001 by Ministry of Agriculture, GOI, under FooddaAgriculture Organization
programme at three Model Floriculture Centers ohidrOoty (Tamil Nadu), Chial
(Himachal Pradesh) and Srinagar (Jammu & Kashmirg crop was introduced
in SKUAST-Kashmir, Shalimar in 2005-06 under ICARossored Horticulture
Mini Mission-I. Initial results in the poly housen@d open conditions were

promising.

Attempts have been made by few workers to multiplgtroemeriain
vitro through rhizome tips (Husseyal., 1979; Gabryszewska and Hempel, 1985;
Lin and Monette, 1987; Chiari and Bridgen, 2000} bantamination was the



major bottleneck to start the cultures. Alstroemearan be started with apical
shoot tips but there is also a strong dominanceceBuppressing the growth of
axillary buds (Bond and Alderson, 1993b).

Several components and combinations of compounigsfene with the
mechanism of apical dominance, thereby releasimg fiom their inhibited state
like Tri-iodobenzoic acid, an anti-auxin (Niedergaand Skoog, 1956; Rubery,
1987) and Thidiazuron (TDZ), having a cytokinindinode of action (Mokt al,
1982).

In vitro multiplication of elite plant genotype is the wigleused
commercial application of plant biotechnology ariféie immense opportunities
to multiply more number of disease free plantingarial in a shortest possible

time (Linet al, 2000).

Alstroemeria is generally propagated by rhizomesttv of the three year
old plants. However, multiplication rate is low.opagation through seed is not
commonly practiced due to variability in hybrids dalong and difficult
germination. Legal planting material imported fréoneign breeder companies is
still very costly ranging from Rs. 500-600/plantul@/ars introduced in late
nineties in India are currently out of the pateagime. However, planting material
is not easily available due to constraints imposadmultiplication rate under
conventional propagation methods of rhizome divisibhis has been the single
major stumbling block that has preventatstroemeriafrom becoming widely
adopted by cut flower growers in Kashmir and HinedPradesh. There is a need
to establishin vitro propagation protocols for the cultivars alreadgikable with
research institutes and Government departmentss $hall not only ensure
availability of quality planting material for growgebut also open up avenues for
cultivar improvement throughn vitro mutagenesis. Keeping in view the

importance ofAlstroemeriaas a lower energy requirement cut flower crop for



growers in

objectives:

)

Kashmir the current study was conductgth the following

Standardization of disinfection protocol for pe establishment.

Identification of suitable explant for estaltliag in vitro cultures
in Alstroemeria

Standardization of media and growth regulategimes for callus

induction, callus proliferation and organogeneksany.

Development of protocol for multiplication andooting of
Alstroemeria in vitro



Chapter — 2
REVIEW OF LITERATURE

Results obtained by different workers an vitro propagation of
Alstroemeriaas well as other related crops with similar proidehave been

reviewed under the following sub-heads.
2.1 Explant
2.2 Surface sterilization of explant
2.3 Establishment and proliferation of cultures
2.4  Callus induction and regeneration
2.5 Rooting
2.1 Explant
2.1.1 Inflorescence stem

Different types of explants have been employedstaldish cultures. Ziv
et al. (1973) used young actively growing tissue explainten Alstroemeria
inflorescence stem taken at a distance of 1-2 mlowbéhe apex that proved
capable of regenerating buds and roots from whitiallsplantlets could be

established.
2.1.2 Rhizome

Lin and Monette (1987) regenerated plantlets froimaame tips cultured
on solid and liquid media based on Murashige ando§ksalt formulation. The
quality of the cultures was superior when inta¢hea than longitudinally sliced
rhizome tips were used as explants, and when aeype of 8° rather than

22°C was used at the initiation stage.

Hakkaartet al. (1988) used a technique for elimination Alstroemeria
mosaic virus from infecteddlstroemeria cultivars in which meristems were

excised from rhizome tips and placed on a mediuntaiing indole-3-butyric



acid at a cultivar dependent concentration. Pietikl. (1988), used terminal and
lateral tips from fleshy rhizomes that were isafaite vitro and induced to form

new rhizomes.

Elliott et al (1993) establishedlstroemeria cvParigro Pink rhizome tip
explants. Bond and Alderson (1993), GabryszewsR@3)L successfully cultured
rhizome apical and axillary tips cultured on Murgshand Skoog medium with
BA at 2 mg 1* and NAA at 0.5 mg't.

Gabryszewska and Hempdl985), Haret al (1994), Chiari and Bridgen
(1996, 2000) cultured rhizome pieces of Alstroemefor in vitro plantlet

regeneration.

Yousefet al (2007) compared the regeneration ability of p&atusingn
vitro andin vivo grown rhizome buds as explants that were cultoreS basal
medium with 3 different compositions of growth régors (1, 0.2 mg¥ NAA
with 1 mg I* BA and 0.2 mgt IAA with 1 mg ' BA) and the cultures were
incubated in 18 + or -1 degrees C at 16 h photogderi

Pumisutapon et al.(2009) prepared four types of explants - ancinta
rhizome with two intact shoots (+R+2S), an intdgzome with two decapitated
shoots (+R-2S), a decapitated rhizome with twocinghoots (-R+2S), and a
decapitated rhizome with two decapitated shoots28R in vitro to study the
apical dominance inAlstroemeria Rhizomes of pale orange-coloured
Alstroemeria cy ‘Caralis’ were used as the source of explantsAhyir et al
(2012).

2.1.3 Leaf

Lin et al. (1997), Janget al (1999), Linet al (2000) reported that leaves
of Alstroemeria can be used as an explant to emhidn@cmultiplication efficiency.
Lin et al (1998) induced direct shoot regeneration fromf leaplants of
Alstroemeriaclone VV2406, a selection from a tetraploid bregdine. Explants

contained a leaf blade and a small portion of sterde, which were cut from

]



erect shoots ah vitro-multiplicated plantlets. Shoot regeneration cajyaaf the
excised leaf explants was significantly relatethi position of the explant on the
stem. The youngest explant which was located ddeethe shoot apex gave the
highest response. Khaleghi and Azadi (2011) salectgetative explants (node,
internode, and leaf) and employed embryogenic saditfor gene transformation
in Alstroemeriaand studied the embryogenic callus inductiolistroemeriacv.

Fuego.
2.1.4 Somatic Embryos

Gonzalez and Alderson (1990) obtained a callus fnoature embryos of
cv. Butterfly on MS medium supplemented with eitBesr 4 mg picloram or 4
mg 2, 4-D ' combined with benzyladenine (BA) or kinetin (0-4 ). Shoots
regenerated and torpedo-like structures (somatibryrs) formed when callus
was transferred to regeneration media containing @4 picloram or 2, 4-D.
Gonzalez and Alderson (1992) cultured excised semAtstroemeria cv.
Butterfly embryos on solid MS medium alone, ordd8 medium supplemented
with 0.1 mg BA I* + 10% (v/v) coconut water or 0.1 mg GA". Cultures were
incubated at 25 or 15°C and the number of embrywlish developed into single
shoot plantlets was generally higher at 15 thariC2&fter 4 weeks of culture, the
greatest percentage of cultures with single shdattiets (25%) was obtained
from the medium supplemented with gAnd cultured at 15°C, but the greatest
percentage of cultures with callus (75%) was olei@ifrom the same medium at
25°C. Hutchinsoret al. (1994) obtained callus when mature zygotic embryo
were cultured on MS medium supplemented with 20KirMtin and 10 or 20 uM
NAA. Callus that was transferred to MS medium seppnted with 20 uM
kinetin and 20 uM NAA for long term culture, maiimed a regeneration capacity
of 40 per cent over an 8 month period. Schatikal (1996) studied the plant
regeneration ability of callus obtained from zygotembryos of diploid

Alstroemeriainodora and a tetraploid cultivar. The best exidaior somatic



embryogenesis were immature zygotic embryos in -talles when the
endosperm was soft and white.

2.1.5 Root, stem segments, shoot tips, rhizome buds

Gonzalez and Alderson (1995) attempted Callus dtid in
Alstroemeriausing explants from roots, stem segments, shpstdand rhizome
buds ofcv. Carmen and mature embryosad. Butterfly which were cultured on
MS basal medium supplemented with various conceora of 2,4-D, picloram,
NAA, kinetin, BA and GA. The best results were obtained with mature ensboryo
and after 18 days in culture, callus was produced@ 34 and 32 per cent of
embryos cultured on MS medium supplemented withgt2n4-D 1%, 2 mg

picloram I* and 4 mg picloram, respectively.
2.1.6 Leaf, stem, rhizome, inflorescence apices

Pedraza-Santogt al (2006) developed a protocol for tha vitro
regeneration ofAlstroemeriacv. ‘Yellow King’, using several explant sources
(leaf, stem apices, rhizomes and immature inflamese apices) and various
temperature and light/dark regimes, hormone andcsalcentrations and several
hormone concentrations for shoot multiplication aodting and found that only
the young floral apices produced adventitious shbgtdirect organogenesis. The
highest shoot induction rate (10.4 shoots per explaas obtained by incubation
in the dark for 15 days at & followed by 15 days at 2% and a 16-h/8-h
light/dark regime, on a Murashige and Skoog (196@)jd medium at 50 per cent
of the salt concentration, supplemented with 2.5 Triginetin, 1.5 mg T BA and
1.0 mg I* NAA, using a piece of filter paper to support thelant. The highest
shoot multiplication rate (9 shoots per explant)svabtained on a liquid MS

medium at full strength supplemented only with BAL® mg 1",
2.1.7 Shoots

Fujita et al (2010) observed high rhizome-formation abilityt frequent

contamination with soil microorganisms vitro when apical meristem explant



taken from underground shoots of 3-4 cm length tread sprouted from the
rhizome. Apical meristem cut from vegetative shoot<$50-100 cm length had
hardly any rhizome-formation ability, and these @vapt suitable as explants for

micro propagation.
2.1.8 Leaf, Node and Internode

Kim et al (2006) obtained high frequencies of compact rgodenic
callus (CEC) induction (~40%) and friable embryadgerallus (FEC) induction
(~15%) inAlstroemeriafrom nodes with axil tissue cultured first on a felshige
and Skoog (MS) medium supplemented with 10 uM #adion and 0.5 uM
indole-3-butyric acid and after that on a Schendd Biildebrandt (SH) medium
supplemented with 9.1 uM 2, 4-dichlorophenoxy acedcid and 2.2 puM
benzylaminopurine (BA). Both types of callus weraimtained on modified MS
medium supplemented with 20.8 pM picloram. Regdedraplants were
established in the greenhouse and flowered normi@hgleghi and Azadi (2008)
studied the plant regeneration ability of callus thre ornamental monocot
Alstroemeriacv. Fuego. High frequency (23%) of compact callusugtobn was
obtained on a Schenk and Hildebrandt (SH) mediupplsmented with 2 mg*l
picloram from nodal segments excised from plantsvgrin the greenhouse and
also employed embryogenic calluses for gene tramsftion in Alstroemeriaand
studied the embryogenic callus induction Alstroemeria cv. Fuego. The
vegetative explants (node, internode, leaf) alonidp warious concentrations of
auxins (picloram, NAA, IAA, 2, 4-D) either with avithout BAP were taken into
experimentation. The nodal explants provided tlghést embryogenic calluses.
The internodal explants resulted in a lower embeyag callus production than
the nodal ones. The leaf explants did not proveabla for callus induction. The
highest induction rate of embryogenic calluses wiatsined for %2 MS medium
supplemented with 2 md lof NAA. As for regeneration, callus was transferte
regeneration medium supplemented with 2 m@f BAP (Khaleghi and Azadi,
2011).

]



Seyyedyousefiet al. (2013) used segments of nodes and internades
Alstroemeria cvFuego as explant that were cultured in MS bassdiom with
different concentrations of BAP (0.0 and 0.5 rifyy and NAA (0.0, 1.0 and 2.0

mg M) to produce callus
2.1.9 Other Related Crops

Shetty et al. (1982) cultured single sprouting buds of Turmeoo
modified MS medium containing sucrose (40™%y &nd kinetin (0.2-0.5 md).
Nathanet al. (1993) used axillary and terminal buds of HeliedRAsittacorum as a
source of explant. Tissue blocks of approximatefyrisize containing either the
apical bud or axillary buds were excised from sh@wtd after surface sterilization
further trimmed to approximately 3 mm size befouéiuring. In ginger Zingiber
officinale Rosa.) the newly emerging buds are the favouxpaat for initiating
the cultures. Hosoki and Sagawa (1997) took theorhe buds of ginger and
cultured on modified MS medium. Nel (1985) estdi#s cultures with shoot-tips
of ginger. Meristem of size 0.1-0.5 mm were excifedh pale yellow sprouted
buds of ginger for establishment of cultures (Blagkshmi and Singh, 1988).

Malamuget al. (1991) while working withginger cv Kintoki used 1-2
mm shoot tip explants. Devi and Nayar (1993) usemstips as explants excised
from one and three months old suckers. Sharma agh $1995) advocated that
shoot tips of ginger can be regenerated into @&ntiSimilarly, De Him and De
Paez (1998) used shoot tips of gingerifowvitro multiplication. Arimuraet al.
(2000) took basal portion of ginger as an explart aultured on MS medium

containing different concentration of NAA.
2.2  Surface sterilization of explant

Hakkart and Versluijs (1985) initially rinsed th@zomes ofAlstroemeria
cv's ‘Rosario’, 'Toledo’ and ‘Jubilee’ with tap watemd later dipped for few

seconds in 70 per cent alcohol. Final sterilizatvees done in a laminar flow



cabinet with 5 per cent Ca-hypochlorite followed rioysing 3 times with sterile

water.

Pierik (1987) identified four source of infectionurthg in vitro
propagation ofAlstroemeriaviz. the plant (internal as well as external), the
nutrient medium (insufficiently sterilized), theraand the aseptic work. The
rhizome tip explant regenerated profusely but comation was found to be a
major bottleneck. Since rhizome tips grow below sigface of soil and it was
quite difficult to disinfect and also reported tipaior to sterilizationAlstroemeria
rhizomes are to be washed under tap water to reraoleetc. Later rhizome
segments are to be surface sterilized initially7th per cent ethanol for 2-3
seconds followed by 20min dip in 1.5 NaOCI (witkvfdrops of Tween-20) and

rinsed thrice in sterile tap water (Piegkal, 1988).

Lin and Monette (1987) obtained best results witle treatment of
rhizome tips ofAlstroemeria cv:Alsaan’ with 0.6 per cent sodium hypochlorite
plus 0.1 per cent Tween-20 for 20 minutes with itwdus stirring followed by

rinsing 3 times in sterile distilled water.

Dekker's et al (1991) used 1 per cent potassium hypochlorite 2@r
minutes for the disinfection of axillary buds olokd from rhizomesZingiber
officinale, Curcuma amada, C. domesjicaerial stem nodesCfstusspp.) and

bulbils (Alpinia parpuratg arising from inflorescence.

Pedersen and Brandt (1992) developed a procedutbdalisinfection of
Alstroemeriarhizome tips based on scale leaves immersed fid fyn in 3 per

cent Korsolin or 1 per cent NaOCI.

Jyothi et al. (2008) reported use of 1.0 per cent mercuric radgofor 8
minutes in ginger a plant with a underground rhizosimilar in architecture as

Alstroemeria.

Sathyagowri and Seran (2011) also reported reakoiedel of culture
asepsis and survival with Carbendazim (0.3%) + Rgzlne (0.2%) for 10



minutes followed by 70% ethanol for 1 minute inggn rhizome expants with
buds.

Seyyedyousefet al. (2013) also used fragments of stem containingenod
and internode and washed thoroughly under runr@pgnmater for 20 minutes and

disinfected with 1.5 per cent NaOCl aqueous satutor 15 minutes.
2.3 Establishment and proliferation of cultures

Ziv et al (1973) established cultures of Alstroemeria frioftorescence
segments equally on White's medium and Murashige $koog’'s medium. A
higher ratio of auxin to cytokinin resulted in raegeneration, while the reverse
ratio promoted bud differentiation. Plantlets wekdained from bud subculture
on a low sucrose medium supplemented with IAA Without kinetin and also
used young actively growing tissue explants fréistroemeriainflorescence
stem taken at a distance of 1-2 mm below the apex proved capable of
regenerating buds and roots from which small ptasttould be established.

Gabryszewska and Hempel (1985) recommended thefuda for tissue
multiplication and used MS medium containing NaF@&D40.3 mg T,
mesomositol 100 mg?| thiamine 4 mgt and different concentrations of plant
growth regulators for initial establishment of cuéts of Alstroemeria. Maximum
shoot multiplication was obtained on MS medium sepgnted with BA (8 mg |
l).

Hakkart and Versluijs (1985) established cultunesnf meristem tips in
Alstroemeria cv.!Rosario’ on MS medium containing 2-ip [isopentiadenine]
0.01 mg 1 and NAA 1 mg 1 in addition to thiamine 0.4 mg'| sucrose 3 % and

Difeo Bacto agar 0.6 per cent.

Pierik et al (1988) used terminal and lateral tips from flegfigomes that
were isolatedn vitro and induced to form new rhizomes and studiedrtfieance
of temperature, light, rhizome portion, plant grbwtegulators, length of

multiplication cycle, media and saccharose coneé&ptr on mean number and



length of upright growing shoots as well as onehe multiplication rate (RMR).
A temperature of 18C was ideal for increasing the number of elongateaving
shoots whereas, ZC was optimal for increasing the length of shostsvall as
significantly increased rhizome multiplication rataccharose 3-4 per cent, BA
@ 3-4 mg T, and a multiplication cycle of 3 weeks given 5 dBnwas most

optimal for rhizome multiplication.

Bond and Alderson (1993a) assessed the effects exfhamical and
chemical methods of removing or reducing apical ikamce on the
multiplication of Alstroemeriacultivars Valiant, Parade and Eleanor groimun
vitro and observed significantly enhanced rhizome mlidation on sub
culturing rhizome explants without aerial shootd @mzome apices, and rhizome
explants divided into single internodes with orhemt aerial shoots, but sub
culturing rhizome explants with only the aerial shor rhizome apices removed
had no significant effect.

Bond and Alderson (1993b) observed that for goodtiptigation the
requirements for the culture environment were apemature of 15°C, an

irradiance of 5 W i with a day length of 8 hours.

Elliott et al (1993) establishedlstroemeria cvParigro Pink rhizome tip
explants on modified MS medium with P added as®®j at 0, 0.01, 0.05, 0.25,
1.25 or 2.5 mM and cultures were transferred tshfrenedia every 4 weeks.
Explants supplied with 1.25 or 2.5 mM P produceaphificantly more shoots and
growing points, and greater FW of rhizomes and &)dban those provided with
lower P concentrations. Shoot tissue P concentgtio 7 mmol kg FW were

required for maximunm vitro growth ofAlstroemeria cvParigro Pink.

Han et al. (1994) cultured rhizome tips @&lIstroemeria hybrid cultivars
‘Othello’, ‘Lilac Glory’, ‘Cyprus’ and Yellow prine’ on MS medium
supplemented with various growth regulators andaiobt best results for
rhizome multiplication on MS medium containing0-2.0 mg BA + 0.3 mg

IAA or 0.2 mg NAA ['. Apical rhizomes produced more branched



rhizomes/explant than did lateral rhizomes. Furit@mtinuous lighting at 3000
lux resulted in greater shoots and rhizomes forwnatian did 16 hours lighting or

culture in darkness.

Gabryszewska (1995, 1996) successfully culturedorhe apical and
axillary tips cultured on Murashige and Skoog mediwith BA at 2 mg T and
NAA at 0.5 mg T and observed the presence of BA in the medium eayk
increased the number of upright growing shootsrande shoots at 25°C than at
17°C. The highest number of lateral rhizomes waseoked on a medium
containing 60 or 80 g sucrostand BA. Presence of BA in the medium markedly
influenced the formation of upright growing shodtse tallest shoots were found
in cultures on media containing 20 or 30 g sucréde Low and high
concentrations of sucrose inhibited the formatiomd alongation of upright

growing shoots.

Lin et al (1997) advocated a two-step protocol for the atidm of shoots
from leaf explants oAlstroemeria Leaf explants with stem node tissue induced
best results when cultured initially for 10 daysM8 medium containing 10 uM
Thidiazuron and 0.5 uM indole butyric acid followbkyg several subculturing on

regeneration medium containing 2.2 uM BAP.

Podwyszynskeet al. (1997) developed an effective micro propagation
method for new Polish cultivars oAlstroemeria cv Juanita, andin vitro
experiments were conducted to improve the effigtent multiplication and
rooting stages. Rhizomes were cultured on medigagung 1.5, 3 or 6 mg BAP
[benzyladenine] . The greatest number of aerial shoots and shaess, but

the poorest rhizome rooting ability, was observedl mg BAP 1.

Lin et al. (1998) induced direct shoot regeneration froni &glants of
Alstroemeriaclone VV2406, a selection from a tetraploid bregdine. Explants
contained a leaf blade and a small portion of stexde, which were cut from

erect shoots oin vitro multiplicated plantlets. The youngest explant whwas



located closest to the shoot apex gave the higlespbnse. A gradient response
toward the shoot apex was observed in percentagjecoft regeneration and in the

number of shoots/regenerating explant.

Janget al. (1999) investigated the efficiency of shoot indoctfrom leaf
explants, and the subsequent development of shotmiscomplete plants with
rhizomes and developed a good regeneration systgpfticable for micro
propagation inAlstroemeriaculture conditions. The youngest ex-plant located

close to the shoot apex gave rise to the highgsheration rate.

Lin et al. (2000) micro propagated six tetraploMistroemeriaclones by
rhizome multiplication, and within a 3-week subowd interval, the average

rhizome multiplication rate for all genotypes wa3.2

Chiari and Bridgen (2000) investigated the growttinovitro Alstroemeria
hybrids through morphological studies and producbdzome halves that

regenerates by cutting the rhizome with a horidamtaertical longitudinal cut.

Chiari and Bridgen (2002) excised stem apical ntems, rhizome apical
meristems and rhizome axillary meristems fréistroemeriaplants and were
grown in vitro on modified Murashige and Skoog (MS) media comgin
different concentrations of Gibberelic acid and eBxbylaminopurine
[benzyladenine] (BA). Plantlets developed from stapical meristems never
regenerated a rhizome and eventually died but ilghebkt regeneration rate
(74.1%) of plantlets with a rhizome was observedenvirhizome axillary

meristems were grown on modified MS medium conteyr@.9 uM of BA.

Pedraza-Santo®t al (2006) developed a protocol for tha vitro
regeneration oflstroemeriacv. ‘Yellow King’, by testing for shoot induction,
using several explant sources (leaf, stem apickgzomes and immature
inflorescence apices), temperature and light/dagimes, hormone and salt
concentrations and tested several hormone contiensdor shoot multiplication

and rooting and found that only the young floraicap produced adventitious



shoots by direct organogenesis. The highest sindoiction rate (10.4 shoots per
explant) was obtained by incubation in the darkifédays at 8C followed by 15
days at 25C and a 16-h/8-h light/dark regime, on a Muraslaige Skoog (1962)
liquid medium at 50 per cent of the salt concemmtsupplemented with 2.5 mg
It Kinetin, 1.5 mg T BA and 1.0 mgt NAA, using a piece of filter paper to
support the explant. The highest shoot multiplamatrate (9 shoots per explant)
was obtained on a liquid MS medium at full strengiipplemented only with BA

at 1.0 mgt.

Yousefet al (2007) compared the regeneration ability of p&atusingn
vitro andin vivo grown rhizome buds as explants. vitro andin vivo grown
rhizome buds were cultured on MS basal medium @idlfferent compositions of
growth regulators (1, 0.2 mg NAA with 1 mg I* BA and 0.2 mgt IAA with 1
mg ! BA) and the cultures were incubated in 18 + ofGlat 16 h photoperiod.
Four subcultures of explants were done on the da@sé media with 3 weeks

intervals.

Khaleghiet al. (2008) in his experiment, used lateral and terirtas of
rhizomes (4-6 mm) that were cultured on solidifM8 medium containing 30 g |
! agar supplemented with different concentrationBAP and NAA after surface
disinfection and sub cultured every three weekse Greatest number of shoots
was obtained from the medium supplemented withmigsBAP [* and 0.2 mg
NAA |,

Pumisutaponet al. (2009) prepared four types of explants-an intact
rhizome with two intact shoots (+R+2S), an intdgzome with two decapitated
shoots (+R-2S), a decapitated rhizome with twocinghoots (-R+2S), and a
decapitated rhizome with two decapitated shoots2@R in vitro to study the

apical dominance iAlstroemeria



Hutchinsonet al. (2010) observed the effect of Thidiazuron, NAAdan
BAP onin vitro propagation ofAlstroemeriaaurantiaca cv.Rustica from shoot

tip explants.

Successful micro-propagation @flstroemeriain liquid medium using
slow release of medium components was done by Kdedk Brugge (2010) in
which Alstroemeriarhizomes were micro-propagated on semi-solid nredand

in liquid medium. In liquid medium, growth was muehhanced (ca. 70%).

Fujita et al (2010) observed high rhizome-formation abilityt frequent
contamination with soil microorganismis vitro when apical meristems explant
taken from underground shoots of 3-4 cm length tred sprouted from the
rhizome and also the apical meristem cut from \aget shoots of 50-100 cm
length had hardly any rhizome-formation abilitydatmese were not suitable as
explants for micropropagation. Apical meristemdlofal shoots that sprouted in
the field were cultured on MS medium containingl0faM BAP, 0.001 mM
NAA, and 3% sucrose and a large number of rhizooms lwere propagated by
subculturing on a medium containing 6% sucrosel t® BAP, and 0.001 mM
NAA. Rhizome buds were subcultured in a cultureseesvith %2 N-MS medium
containing 9% sucrose, 0.01 mM BAP, and 0.001 mNANA

Pumisutaporet al. (2011) studied apical dominance Atstroemeriaand
used rhizome as the standard explant with a tiptaodvertically growing shoots
from which the larger part had been excised leagiagl cm stem. The axillary
buds that resumed growth were located at this tem just above the rhizome.
They were released by removal of the rhizome tghthe shoot tips. Replacement
of excised tips by lanolin with indole-3-butyric idc(IBA) restored apical
dominance. The auxin transport inhibitors 2, 3riilddobenzoic acid (TIBA) and
N-1-napthylphthalamic acid (NPA) reduced apical dwnce. 6-
Benzylaminopurine (BAP) enhanced axillary bud oowgh but the highest

concentrations (>9 uM) caused fasciation.



2.3.1 Other related crops

Hosoki and sagawa (1977) successfully cultured kafdginger on MS
medium consisting MS major elements. Pillai and Kurf1982) established and
multiplied ginger cultures on Schenk and Hildebtam@dium and obtained 15
daughter shoots per original shoot in 3 monthdse of turmeric, Shetst al.
(1982) cultured buds on MS medium containing swedd g 1) and Kinetin (2.5
mg ). After 1-2 subculturing callus produced numerdusis which later on

developed into plantlets.

lllahi and Jabeen (1987) induced callus in ginge¥ostrength MS media
containing different combination of growth regulst@nd obtained regeneration
on MS medium containing 2,4-D. Sagbal (1987) obtained satisfactony vitro

shoot formation in ginger on Gamborge B5 obtained® medium.

Bhagyalakshmi and Singh (1988) induced shoots freeristems in ginger
when cultured on MS medium containing sucrose 6%gowut milk 20%,
ascorbic acid 100ppm, glutamine 400 ppm, activatetcoal 250 ppm, BA 0.5
ppm, IBA 0.4 ppm and agar 0.8%. Meristems deriveabss exhibited consistent
multiplication on this medium. Further, liquid madwvas less effective than solid

medium for micro-propagation.

Indenet al (1988) cultured shoot tips of ginger on MS bas&dium
supplemented with 5 mg lIBA, 0.5 mg I* NAA and obtained 4 shoots of 20 to

30 mm size from an explant within 6 weeks.

Devi and Nayer (1993) obtained successful estabkstht and
multiplication of shoot tips of banana on MS medigonsisting inositol (5.5
uM), thiamine HCI (2.97 uM), BA (22 uM), sucroseé(ftM) and coconut water
(15 %).

Sharma and Singh (1997) developed disease freesI¢i.7 shoots/bud)
of Zingiber officinaleby cutting active buds on MS medium supplementétd w

Kinetin 2 mg 1* and sucrose 20 g



Arimura et al (2000) obtained adventitious shoots in ginger M8
medium containing Kinetin 25 uM. Roots were induocedgrowth regulator free
MS medium. Kimet al (2000) induced callus in ginger on N6 medium
supplemented with 2 mg' INAA and further obtained plantlets regeneratiamfr
callus on MS medium supplemented with BA 1.2 fhg |

Archanaet al (2013) developed improved micro propagation proko
for Zingiber moranandZ. zerumbettwo wild species of the gend#ngiber and
tested the effects of growth regulators, sugar eotmations, and nutrients on the
rate of shoot initiation and multiplication and ebsd an increase in proliferation
and multiplication that occurred in modified Muraghand Skoog (MS) medium
supplemented with benzyladenine and kinetin and abserved that about 2 %
sucrose and 0.7 % agar to be the optimum for shoaottiplication and

regeneration.
2.4  Callus induction and regeneration

Gonzalez and Alderson (1990) obtained callus fromtune embryos ofv.
Butterfly on MS medium supplemented with either2tang picloram or 4 mg
2,4-D I' combined with benzyladenine (BA) or kinetin (0-4gri'). Shoots
regenerated and torpedo-like structures (somatibrgys) formed when callus
was transferred to regeneration media containingd# picloram or 2, 4-D.

Shoots were also produced by somatic embryos upasfer to other media.

Gonzalez and Alderson (1992) cultured excised siomdstroemeria cv.
Butterfly embryos on solid MS medium alone, ord8 medium supplemented
with 0.1 mg BA I* + 10% (v/v) coconut water or 0.1 mg GA". Cultures were
incubated at 25 or 15°C and the number of embryeiish developed into single
shoot plantlets was generally higher at 15 than @5After 4 weeks of culture,
the greatest percentage of cultures with singletsplantlets (25%) was obtained

from the medium supplemented with gAnd cultured at 15°, but the greatest



percentage of cultures with callus (75%) was oleifrom the same medium at
25°C.

Hutchinsonet al (1994) obtained callus when mature zygotic embryo
were cultured on MS medium supplemented with 20KirMtin and 10 or 20 uM
NAA. Callus that was transferred to MS medium seppnted with 20 uM
kinetin and 20 uM NAA for long term culture, maiimed a regeneration capacity

of 40% over an 8 month period.

Gonzalez and Alderson (1995) attempted callusdtidin in Alstroemeria
using explants from roots, stem segments, shostdmpd rhizome buds av.
Carmen and mature embryos of. Butterfly which were cultured on MS basal
medium supplemented with various concentration2,dfD, picloram, NAA,
kinetin, BA and GA. The best results were obtained with mature entbgmal
after 18 days in culture, callus was produced on3Dand 32% of embryos
cultured on MS medium supplemented with 4 mg 2, B2 mg picloramf and
4 mg picloram T, respectively. Callus fresh weight increased laigher rate over
the next 45 days in the medium supplemented witigicloram/litre than in the

other 2 media.

Schaik et al (1996) studied the plant regeneration ability aafilus
obtained from zygotic embryos of diploAlstroemeriainodora and a tetraploid
cultivar. The best explants for somatic embryogsnegere immature zygotic
embryos in half-ovules when the endosperm was aaff white. Nodular
embryogenic callus was induced on callus inductregdium with a success rate
of 54%. The best callus induction period was 10kse&omatic embryos were
formed after transfer of the callus to regeneratmedium. These somatic

embryos had the typical features of zygdétistroemeriaembryos.

Hutchinson et al (1997) cultured Embryogenic callus induced from
mature zygotic embryos on MS medium supplementiéd 40 uM NAA and 20

MM kinetin, and used as inoculum for liquid culsrg/hen transferred to a semi-



solid, half-strength MS medium supplemented witlseta hydrolysate, cell
aggregates successfully differentiated into plastiehich later grew to maturity

under greenhouse conditions.

Lin et al. (1997) developed a 2-step protocol for the inducbf shoots
from Alstroemeria(genotype VV024) leaf explants with stem nodeugsattached
were incubated on shoot induction medium for 10sdayd then transferred to
regeneration medium. Shoots from the area adjdodhe region between the leaf
base and node tissue regenerated within 3 weeés tedinsfer, without a callus
phase. The best induction was obtained with Mugeskand Skoog medium
containing thidiazuron (10 pM) and IBA (0.5 uM). &megeneration medium
contained 6-benzylaminopurine [benzyladenine] (R®) and after several
subcultures of leaf explants with induced shootsmal plantlets with rhizomes

were formed.

Akutsu and Sato (2002) developed an efficient ptape for plant
regeneration from calluses oRlstroemeria by somatic embryogenesis.
Suspension cells were maintained in Murashige akdo@s (MS) medium
supplemented with 1 mg*Ipicloram and then used for either solid or liquid
culture. Friable embryogenic calluses formed imibighalf-strength MS medium
supplemented with 0.5 mg' Inaphthalene acetic acid (NAA) and 0.5 myg |
benzyl adenine (BA). The friable calluses developedembryos after transfer to
solidified half-strength MS medium without growtbgulators and described an
efficient procedure for transformation of calli die monocotyledonous plant
Alstroemeria by Agrobacterium rhizogenes. Inoculated calli werated on
medium that contained cefotaxime to eliminate b#étteFour weeks later,
transformed cells were selected on medium thatadoed 20 mgt hygromycin.
Plants derived from transformed calli were produsedhalf-strength MS medium
supplemented with 0.1 mg IGA; after about 5 months of culture (Akutsu and
Sato, 2004).



Kim et al. (2001) concluded that the nodal explants can loeessfully
used as a source for transformation in combinatwth the MS medium
containing 1 mgt 2, 4-D, 0.25 mgt BAP, 3% sucrose (w/v) and 0.75% (w/v)
micro agar for the production of a high level ofnrqmact callus and somatic
embryos and in (2005) developed an efficient systemthe regeneration of
plants from protoplasts iAlstroemeriaFriable embryogenic callus (FEC) proved
to be the best source for protoplast isolation @rtlre when compared with leaf
tissue and compact embryogenic callus. Micro-calusere formed after 4 week
of culture. Ninety per cent of the micro-callusesveloped into FEC after 12
week of culture on proliferation medium. FEC cutsiproduced somatic embryos
on a regeneration medium and half of these somemdbryos developed
shoots(Kim et al., 2005) and also obtained high frequencies of @mhp
embryogenic callus (CEC) induction (~40%) and fiealembryogenic callus
(FEC) induction (~15%) istroemeriafrom nodes with axil tissue cultured first
on a Murashige and Skoog (MS) medium supplementdd 20 uM thidiazuron
and 0.5 uM indole-3-butyric acid and after thataeoB8chenk and Hildebrandt (SH)
medium supplemented with 9.1 uM 2, 4-dichlorophgnaaetic acid and 2.2 uM
benzylaminopurine (BA). Both types of callus weraimtained on modified MS

medium supplemented with 20.8 uM picloram (ketral, 2006).

Khaleghi and Azadi (2008) obtained a high freque(®320) of compact
callus induction inAlstroemeriacv. Fuego on a Schenk and Hildebrandt (SH)
medium supplemented with 2 mq picloram from nodal segments excised from
plants grown in the greenhouse. After three montiisculture, compact
embryogenic calluses (CECs) were transferred tontldified Murashige and
Skoog (MS) medium supplemented with 5 mg picloram for further
proliferation of CECs.

In an experiment on vegetative explants (nodesrmodes and leaves) on

Alstroemeria cv.Feugo’, Khaleghi and Azadi (2011) used variouscanirations



of auxins (Picloram, NAA, IAA, 2, 4-D) with or witthut BAP and reported that
nodal explants provided highest embryogenic catluse

Amir et al. (2012) evaluated the number of growth regulatersvall as
supplements to the MS-basal medium on the regeoeratf Alstroemeria

rhizome explants.

Seyyedyousefet al. (2013) evaluated the effect of explant type arahpl
growth regulators (NAA and BAP) on callus formatioihAlstroemeria cvFuego
and showed that the explants source and differententrations of growth
regulators influenced callus production. Segmeitsoaes and internodes were
cultured in MS basal medium with different concahtns of BAP (0.0 and 0.5
mg ) and NAA (0.0, 1.0 and 2.0 md)l to produce callus and observed that
node was better explant than internode to prodatteschest at 0.5 md lof BAP
and 2.0 mg't of NAA.

Violeta et al (2013) reported, callus induction with high augytokinin
ratio from floral explants in Iris on MS medium +02ng I* TDZ and 3.0 mgt
NAA.

2.5 Rooting

Ziv et al (1973) advocated a higher ratio of auxin to ciytokfor in vitro

root regeneration iAlstroemeria.

Gabryszewska and Hemp@985) recommended the use of BA for tissue

multiplication and NAA (1.0-16.0 mg") for rooting.

Lin and Monette (1987) regenerated plantlets froiimaame tips cultured
on solid and liquid media based on Murashige ando§ksalt formulation. The
quality of the cultures was superior when intatchea than longitudinally sliced
rhizome tips were used as explants, and when aeype of 8° rather than
22°C was used at the initiation stage. More roatsewproduced on rhizome tips

containing a rhizome apical meristem than on rhigasactions lacking such a



meristem and 90 per cent of the rooted plantletse geccessfully acclimatized
and developed into true-to-type flowering plants.

Hakkart and Versluijs (1988) reported thalstroemeria cv.‘Rosario’
rooted wherin vitro regenerated shoots were cultured on MS mediunacong
IAA (1 mg I* or NAA 2 mg IY). Out of 32 cultures, 12 rooted cultures were
obtained and observed that root formation was betiefilter paper bridges in a
liquid medium than on a solid medium. Subsequerstier into soil was more
successful with the plantlets rooted in liquid mexdithan that with those rooted

on solid medium.

Pierik et al. (1988) conducteth vitro rooting experiments iAlstroemeria
cv. Toledo and reported that MS medium containing N&AB ppm in addition to
saccharose 5 per cent was most ideal. Furtherngpoatas promoted by a day
length of 18h in comparison to 8h and an irradiant& W/nf. Initial dark
treatments had a negative effect and optimal rgoticcurred at 21°C in
comparison to Z5and 27°C.

Hanet al.(1994) successfully cultured rhizome tips of théiy cultivars
‘Othello’, ‘Lilac Glory’, ‘Cyprus’ and ‘Yellow Price’ on MS medium
supplemented with various growth regulators. Thetnedfective (for percentage
rooting, number of roots and branched rhizomes&mnd root length) was IBA
at 3.0 mgt.

Gonzalez and Alderson (1995) observed no root foomawhen
experiments were attempted on callus inductioAlstroemeriausing explants
from roots, stem segments, shoot tips and rhizams bfcv. Carmen and mature
embryos ofcv. Butterfly which were cultured on MS basal mediwmpgemented

with various concentrations of 2,4-D, picloram, NAdnetin, BA and/or GA

Pedersemt al (1996) investigated flower induction by testingénotypes
at four temperature regimes (5, 10, 15 or 20°Gsfareeks) and three methods of

propagation (by seeds, rhizome division or microppgation) and for micro



propagated plants, temperature treatments werge@¢arut during root formation

in vitro.

Podwyszynskat al. (1997) observed that the greatest number oélaeri
shoots and shortest roots, but the poorest rhizowting ability, at 6 mg BAP
and used rhizome cultures of Pol&lstroemeriaX hybrida cv Juanita to enhance
the effectiveness of a micro propagation methodchéw cultivars and selections.
The effects of cytokinins (benzyl adenine, kinetimd 2iP), auxins (IAA, IBA and
NAA) and growth retardants (paclobutrazole and pitumidol), alone or in
combination, were studied in relation to rhizomeariwhing, aerial shoot
production and rhizome rooting. Application of BA law concentration with
paclobutrazole (0.1-0.5 mg)l or flurprimidol (0.01-0.1 mg1) in the presence of
1 mg NAA/litre resulted in a high number of aergloots (5-6, but these were
shorter) and higher rooting ability of the rhizom&sowth retardants applied with
NAA strongly stimulated root formation but suppresstheir elongation
(Podwyszynskat al.,, 1998).

Kristiansenet al (1999) observed a synergistic promoting effedPBFD
(Photosynthetic photon flux density) and sucrose root formation. Root
formation after transfer to rooting medium was etiéel by sucrose and PPFD
during the multiplication phase. PPFD did not iefige root formation after
propagation on 7% sucrose, whereas on 3 or 5% seiamot formation was
gradually inhibited when PPFD was decreased bel@wunol n¥ s*. The
formation of thick roots was promoted by propagaiio light but not influenced
by sucrose concentration. Root formation on rootimegium was reduced by BA
and promoted both by NAA and high levels of sucrddgick roots were only

produced in the presence of NAA and not affectedunyose treatment.

Chiari and Bridgen (2000) produced plants with $ipdit technique that

rooted and flowered regularly, and were true-taetyp



Pedraza-Santost al. (2006) developed a protocol for threvitro rooting
of shoots on a liquid MS medium, either with otheut plant hormones using
several explant sources (leaf, stem apices, rhigceme immature inflorescence
apices), temperature and light/dark regimes, hoerand salt concentrations and

several hormone concentrations for rooting.
2.5.1 Other related crops

Successful rooting ah vitro regenerated shoots of ginger was obtained
within 2 months when the shoots were transferredb&sal MS medium
supplemented with BA 1 ppm (Hosoki and Sagawa, L9Pilai and kumar
(1982) could induce root hair formation in gingéosts by prolonged culturing
on establishment/multiplication medium. However, itmuce more root hair
development, daughter plantlets were subculturedlotiing paper bridges in

liquid medium.

Bhagyalakshmi and Singh (1988) found that prolongedturing on
multiplication medium resulted into root hair fortid in case of ginger.
However, unrooted shoots can be induced to roatuiyculturing in the quarter
strength MS medium supplemented with sucrose (&sg)orbic acid (100 mg'),
activated charcoal (100 mg)land agar 8 per cent. This medium did not require

any growth regulator for root induction.

Malamuget al (1991) regenerated the shoots from callugimger cv.
‘Kintoki’ and concluded that the multiplication mad containing NAA (1 mg’l
) and BA (5 mgt) was optimal to produce satisfactory root system.

Nathanet al. (1993) obtainedh vitro rooting inHeliconia psittacorunon
hormone free medium. A high (92 %) rooting was obsg when MS medium
was supplemented with thiamine HCI (0.5 ppm), mgsitol (100 ppm), sodium
hydrogen phosphate (170 ppm), adenine sulphatg@f), gelrite (2 g1 and

sucrose (3 %).



Chang and Criley (1993) could induce rootsnirvitro regenerated shoots
of ornamentals pink gingeAlpinia purpuratg within 4 weeks on agar solidified

on half strength medium with 2 per cent sucrose.

Dograet al. (1994) rooted excised rhizome buds of elite liokginger on
MS medium supplemented with BA 2.5 mg hnd NAA 0.5 mg f. The
maximum number of roots were formed on MS mediupptamented with NAA
(1 ppm).

Huang (1995) regenerated vitro plantlets with complete root system
directly from shoot tips (20.2-0.9 mm in length) ginger on MS medium
containing BA 2.0 mg} and NAA 0.6 mg f. Babuet al(1996) developed
profuse callus in ginger on MS medium supplementgth 2,4-D 1mg falone
or 2,4-D (05 mg1 + BA (1 mg I") and found that individual embryoids
developed into plantlets with better rooting wheAAN(1 mg ') was added to

culture medium.

Rout and Das (1997) obtained rootingimvitro regenerated shoots on

half strength MS supplemented with IBA or IAA ange cent sucrose.

Archanaet al (2013) developed improved micro propagation proko
for Zingiber moranandZ. zerumbettwo wild species of the gendmgiber and
observed that Naphthalene acetic acid at 0.5 Tgrbduced the best rooting
response for both the species. Regenerated pkRntlre acclimatized
successfully and cytogenetic stability was confudmgy RAPD profiling and
ploidy checks.



Chapter — 3
MATERIALS AND METHODS

The present investigation on studies @m vitro propagation in
Alstroemeria cv:‘Pluto” was carried out in the Biotechnology Laatry of the
Division of Pomology, Sher-e-Kashmir University #fricultural Sciences and

Technology of Kashmir, Shalimar during 2012-2014.

The outline of the methods and technical programofedifferent
experiments has been described under the folloh&agls:
3.1 Materials (stock plants, chemicals, activatbdrcoal, glassware,
and Culture media)
3.2 Methods
3.2.1 Preparation of stock solutions
3.2.2 Preparation of stock solution of growth fatprs
3.2.3 Preparation of culture media (solid anditijju
3.2.4 Cleaning of glassware
3.2.5 Sterilization of equipment, and culture naedi
3.2.6 Culture environment, culture incubation
3.2.7 Collection of explant
3.3 Experimental details

3.3.1 _Experiment-1Standardisation of disinfection protocol for
various explants iklstroemeria

3.3.2 _Experiment-2: Standardization of media and growth
regulator combination for culture establishment in
Alstroemeria

3.3.3 _Experiment-3: Standardisation of callus induction and
organogenesis iAlstroemeria

3.3.4 Experiment-4: Standardisation of shoot pecdifion in
Alstroemeria

3.3.5 _Experiment-55tandardisation of rooting ilstroemeria

3.4  Statistical analysis



3.1 Materials (stock plants, chemicals, activatedharcoal, glassware and
Culture media)

3.1.1 Stock Plants

An Orange coloured cultivar dlstroemeriahybrid grown in the green
houses of floriculture field, Sher-e-Kashmir Unsigr of Agricultural Sciences and
Technology of Kashmir, Shalimar was selected fondewting the present

investigation.
3.1.2 Chemicals

Compounds containing major and minor elements, osecragar, and
organic compounds like amino acids, vitamins ananiplgrowth substances,
activated charcoal required for preparation of mediuring the present

investigation were procured from Hi-media, India.
3.1.3 Glassware

The borosilicate glassware used in the study wasuped from Borosil.
Glassware was washed with detergent followed byotlgh washing with tap
water. The glassware was then dried in hot air atet00 °C for 24 hours before

use.
3.1.4 Culture media

Murashige and Skoog (1962) medium was employechduhe course of
present investigation (Table 3.1). In addition tmowe, some modifications in
Murashige and Skoog (1962) medium were also emglagails of which have
been provided in the appropriate sections. Bothdsahd liquid media was

prepared during the present investigation.
3.1.5 Liquid Media

Different materials like wattman filter paper, awtt sterilized gauze were

procured for the preparation of the liquid mediaimy the period of investigation.



Table 3.1 :

Chemical composition of Murashige an&koog (1962) medium

Components Chemical formula  Quantity(mg 1)
Macro-nutrients
Ammonium nitrate NH4NO; 1650
Potassium nitrate KNO 1900
Calcium chloride, dihydrate CagH,O 330
Magnesium sulphate heptahydrate M@S®,0 370
Potassium phosphate, monobasic 2RE, 170
Micro-nutrients
Potassium iodide Kl 0.83
Boric Acid HsBOs 6.2
Manganese sulphate, tetra hydrate  MnSQ0,.4H,O 22.3
Zinc sulphate, heptahydrate ZnSQ.7H,0O 8.6
Sodium molybdate, dihydrate MéoO,4.2H,0 0.25
Cupric Sulphate, pentahydrate CuSQ.5H,0 0.025
Cobaltous chloride, hexahydrate CoCh.6H,O 0.025
Ethylenediamine-tetra-acetic acid NaEDTA.2H,0O 37.3
disodium salt
Ferrous sulphate, heptahydrate FeS04.7HO 27.8
‘Organic supplements
Myo inositol CsH120s 100.00
Glycine GHsNO, 2.00
Nicotinic acid GHsNO, 0.5
Pyridoxine hydrochloride §H11NO3. HCI 0.5
Thiamine hydrochloride 2H1,CIN,SO.HCI 0.1




3.2 Methods
3.2.1 Preparation of stock solutions

Different types of stock solutions of macro elensembicro elements and
organics were prepared for each medium and storeeéagent bottles for use.
Usually four types of stock solutions (A-D) are raddr Murashige and Skoog
basal medium (1962). However, making of seven tygestock solutions (A, B,
C, D, E, F, and G) of Murashige and Skoog (1962)pisvalent in the
Biotechnology Lab of Division of Pomology and themse was followed in the
current investigation (Table 3.2). During the eniimvestigation period, 200 ml of
each stock solution was prepared each time which sufficient for making 20
litres of medium. For making one litre of mediun@, thl of each stock solution
was added to 700 ml of double distilled water ineaker and final volume made

to one litre by adding double distilled water.

Seven stock solutions were used in the preparatiodS medium. Stock
solution (A/B/D) containing only one chemical wasepared by dissolving
required quantity of each chemical (quantity ofrafel required for making 20
litres of medium) in 150 ml of double distilled watand final volume made to
200 ml with double distilled water. Thus stock d¢mn with a strength of 100 X
was obtained. Stock solution containing more thae ochemical (C/E/F/G) was
prepared by weighing the required quantity of eatiemical (quantity of
chemical required for making 20 litres of mediuraparately and dissolved to the
last particle in double distilled water followed Ibyixing them together slowly
with continuous stirring. Final volume of 200 ml tife mixture was made by
addition of double distilled water. Stock solutiomsre stored in corning reagent
bottles at 4C.



Table 3.2: Composition and preparation of stock salions for Murashige
and Skoog(1962) medium

Qty. of Conc.
Stock Components Chemical formula n?g;ylil Qty. for stock of stock

20 litres - ;
solution  solution

. . 33.00¢g
A Ammonium nitrate NEHNO; 1650 200 mi 100 X
S 38009 .
B Potassium nitrate KNO 1900 200 ml 100 X
"""""" Potassiumiodde =~k 083 166mg
Boric acid HBO; 6.2 124 mg
Potassium di-hydrogen
C ortho-phosphate KH,PO, 170 34g 200 ml 100 X
Sodium molybdate N#100,.2 H,0O 0.25 5mg
Cobaltous chloride CogbH,O 0.025 0.5mg
' i 6.6
p  Calcium chioride, CaCh2H,0 330 9 200m 100X
dihydrate
Magnesium sulphate,
heptahydrate MgSO,. 7H,O 370 7449
Zinc sulphate,
heptahydrate ZnSQ.7H,0 8.6 172 mg
E Manganese Sulphate 200 mi 100 %
tetra hydrate ' MnSQ0,.4H,0 22.3 446 mg
Cupric Sulphate 0.5mg
pentahydrate CuSQ.5H,0 0.025
Ethylene diaminetetra
acetic acid disodium salt NEDTA*2H0 313 746 mg
F . Suloh 556 mg 200 mi 100 X
errous Sulphate
heptahydrate FeS04.7HO 27.8
Glycine - 2.00 40 mg
Nicotinic acid - 0.5 10 mg
G S 200 mi 100 X
Pyridoxine HCI - 0.5 10 mg
Thiamine HCI - 0.1 2 mg




The required quantity of cobalt chloride was toocan(0.5 mg) to be
weighed properly on the available digital balandeéhis quantity was multiplied
by 100 and the quantity obtained (50 mg) was diggblin 100 millilitres of
water. Then one millilitre of this solution was addto stock solution C and final
volume of 200 ml was made by adding double distillater Similar method was
used for adding required quantity of cupric sulphand thiamine to their

respective stock solutions.

For the preparation of the iron stock solution ¢ktsolution F), required
quantities of FeS©O7H,O and NaEDTA were dissolved separately in 75 ml
double distilled water. N&EDTA solution was heated over hot plate and stirre
to dissolve it completely. It was then added to ®£&H,0 solution gently and
stirred well to get a homogeneous light yellow solu Final volume (200 ml) of
the mixture was made by adding double distilledewaind stored in an amber-
coloured reagent bottle.

3.2.2 Preparation of stock solutions of growth regators

Basal medium was supplemented with different typds growth
regulators. Small quantity of Stock solution (50 wil each growth regulator was
prepared on weekly/monthly basis and stored inigefator at 4C. Stock
solutions of benzyl-amino purine (BAP), kinetinph#éhalene-acetic-acid (NAA),
Gibberelic acid (GA) were prepared by dissolvingnd® of each growth regulator
in 25 ml of 0.50 N NaOH and then volume was madé&Q@oml with double
distilled water. However, 2, 4-D, indole-3-acetich@AA) and indole-3-butyric-
acid (IBA) were prepared by dissolving 50 mg oftegoowth regulator well with
some alcohol drops and then volume was made to I5@itim double distilled

water.
3.2.3 Preparation of solid culture media

The required quantity of sucrose (usually 3d)gand myoinositol (0.1 g |

) was dissolved in double distilled water in a lralRequired quantity of stock



solutions containing macro elements, microelemaertamins, growth regulators
and activated charcoal were added as per the teeatrequirement. Final volume
of the medium was made with the addition of doubtilled water. The pH of

medium solution was adjusted at 5.7 by adding 1/®MNar 1 N HCI drop wise

with a micropipette. Care was taken that electaes not come in direct contact
with the walls of beaker and bulb of electrode remmaompletely immersed in
the solution. The medium was slightly heated in rowave oven and then
required quantity of agar was added, stirred wéth wcalpel or stirrer and again
heated in microwave oven to boil so as to dissahes agar completely. The
medium was allowed to cool for few minutes and sdbently dispensed in
culture vessels. Non absorbent cotton plugs cowertinews paper were used to

plug the culture vessels.
3.2.4 Preparation of liquid culture media

The required quantity of sucrose (usually 30‘gand myo-inositol (0.1 g
1Y) was dissolved in double distilled water in a laRequired quantity of stock
solutions containing macro elements, microelemeritamins, growth regulators,
activated charcoal were added as per the treatragoirement. Final volume of
the medium was made with the addition of doubldildid water. The pH of
medium solution was adjusted at 5.7 by adding 1/®MNar 1 N HCI drop wise
with a micropipette. The medium was dispensed ilupal vessels containing
Filter Paper Bridge over non-absorbent cotton erilsted gauze for the support
of explant in the culture vessels. Non-absorberttonoplugs covered with

newspaper were used to plug the culture vessels.
3.2.5 Sterilization of culture media

Culture media in test tubes/flasks was sterilizad dutoclaving in a
horizontal autoclave at 121°C and 1.05 kg®h5 psi) for 20 minutes. This high
temperature not only kills bacteria and fungi, bl#o their heat-resistant spores.

Flasks and test tubes were placed in autoclave whed developed the required



pressure. Lid of the autoclave was closed and vactalve opened to remove air
from the autoclave chamber. Vacuum valve was clcesdl steam inlet valve
opened. Pressure indicator lamp (green lamp) bestcoff when required
pressure (15 psi) is developed inside the autoataaenber. Time for autoclaving
was counted from the switching off of the pressurdicator lamp of the
autoclave. After autoclaving the test tubes anskBor the required time, electric
supply of the autoclave was switched off and exhaalye opened to release the
pressure slowly. Autoclaved media was allowed t®l covernight at room

temperature and used when required but within 8.da
3.2.6 Culture Environment

All the aseptic manipulations like surface steatinn, preparation and
inoculation of explants and subsequent sub-culgusvere carried out in the
laboratory using laminar air flow cabinet whereegair is forced out continuously
so that no contaminant is allowed to enter therethiuring working time. Pure
air is generated by forcing the air to pass throagteries of fine filters which
remove dust and other potential contaminants. Toking table of laminar air
flow chamber was first surface sterilized with dhs® alcohol and then by
ultraviolet light for 30 minutes. The forceps, gl and Petri-dishes were first
steam sterilized in an autoclave at @2%or 20 minutes. These instruments were
further sterilized at the start of inoculation byuping some alcohol over them in
the laminar hood followed by flaming. During inoatibn forceps and blade were
flame sterilized several times. Hands were cleaard wiped with Hi-Care

disinfectant gel before working.
3.2.7 Culture incubation

The cultures were generally incubated at 2&in an air conditioned
culture room with a 16/8 hour light/dark regime anlight intensity of 3500 lux.



3.2.8 Collection of explants

Different types of explants that were tried durithg@ course of present
investigation were collected from plants maintainatd green houses in
Floriculture fields, Sher-e-Kashmir University of ghAcultural Sciences and
Technology of Kashmir, Shalimar. The details regagdcollection of different

explants are as follows.
3.2.9 Rhizome tips and rhizome sections

Healthy plants of thélstroemeria cv“Pluto” were dug out from the field
with the help of spade and disease free rhizongedmm rhizome portions were
placed in clean flasks containing distilled wated d&rought to the laboratory for

further processing.
3.2.10 Leaves, nodal segments and inflorescence bushoot tips

Disease free leaves, nodal segments, inflorescends, shoot tips were
separated from the mother plant with the help cditeer. The leaves were cut into
smaller pieces and placed in clean flasks contgidistilled water and brought to

the laboratory for further processing.
3.3 Experimental parameters

A variety of experiments were conducted during ghesent investigation
aimed at the development of a protocol ifovitro propagation ofAlstroemeria
cv. “Pluto”. Details regarding the methodologies adopted arengin the sections
that follow.

3.3.1 _Experiment-1 Standardisation of disinfection protocol for various
explants in Alstroemeria

Explant surface sterilization is the first vitalegt for the initiation of
culturesin vitro. Final steps in surface sterilization were perfaimander the
aseptic conditions of laminar flow hood. Knives dacteps were flame sterilized
before use. While making incisions, knives and dépscwere flame sterilized as
and when thought necessary to avoid spread of womédion between different



parts of the explant. Details of surface sterilaatprocedures for different

explants are given in the following sections.
3.3.1.1 Rhizome tips and rhizome sections

Explants on arrival in the laboratory were washetth wunning tap water
to remove any adhering dust and debris and cut nmimageable size pieces.
Afterwards the explants were put in a Tween-20astiaint solution (few drops)
along with required quantity of fungicides and giva vigorous shake for 30
minutes to ensure thorough cleaning. There aftersilrfactant along with the
fungicides was washed off under running tap watdowed by a final washing
with single distilled water. The specimens werdgelabrought to laminar flow
hood for treatment with mercuric chloride 0.1%,yetalcohol 70% and aseptic
inoculation. The details of composition of diffetesterilant formulations and

duration of application are given in Table 3.3.
3.3.1.2 Shoot tips and nodal segments

Shoot tips and nodal segments were procured frageniiouse grown
plants. These are separated with a sharp scalpglais on arrival in the
laboratory were washed with running tap water dretdafter given a vigorous
shake for 15 minutes in Tween- 20 surfactant smtufortified with appropriate
fungicide and antibiotic concentration. The suiiattand fungicide/antibiotic
solution was latter removed by placing the explamder running tap water and a
final 2-3 rinses with single distilled water. Thetdils regarding the composition
of various sterilant formulations and duration gqfpkcation are given in the
Table 3.3.1.



Table 3.3: Composition of sterilant formulations &d duration of
application for surface sterilization of rhizome tps and
rhizome portions in Alstroemeria cv. Pluto

Details of the Treatment

S;  Mercuric chloride dip for 5 minutes

S, Mercuric chloride dip for 10 minutes

S;  Ethyl alcohol dip (70%) for 30 seconds

S, Ethyl alcohol dip (70%) for 1 minute

Bavistin 200 ppm for 30 minutes followed by&hdS;
Bavistin 200 ppm for 30 minutes followed byadS,

Bavistin 400 ppm for 30 minutes followed bya&hdS;

$ L L &

Bavistin 400 ppm for 30 minutes followed byahdS,

Table 3.3.1: Composition of sterilant formulations and duration of
application for surface sterilization of nodal segrants, leaves,
inflorescence buds, shoot tips inMlstroemeria cv. Pluto

S: Mercuric chloride 0.1% for 3 minutes
S Mercuric chloride 0.1% for 5 minutes
S;  Bavistin 200 ppm for 15 minutes + Mercuric chl@rid.1% for 3 minutes
S Bavistin 200 ppm for 15 minutes + Mercuric chl@id.1% for 5 minutes
Ss  Bavistin 400 ppm for 15 minutes + Mercuric chl@rid.1% for 3 minutes

S Bavistin 400 ppm for 15 minutes + Mercuric chl@d.1% for 5 minutes




3.3.1.3 Observations

Data on following parameters were recorded durihg tourse of
investigation.

1. Per cent asepsis after 2 weeks and 4 weeks ofeultu

2. Per cent survival after 4 weeks of culture

Number of cultures per treatment 12

Number of replications : 04

Experimental design : Completely Randomized Desig

3.3.2 Experiment |I: Standardization of media and growth regulator
combinations for culture establishment inAlstroemeria

Explant surface sterilized with optimal concentratiof sterilant were
established on MS medium (solid, solid with acthtcharcoal and liquid)
containing different concentrations of plant growgigulators. 250 ml flasks were
used for conducting this experiment. The detailexgeriment are given in the
Table 3.3.2.

3.3.2.1 Observations
1) Per cent established cultures
Recorded as number of cultures showing elongatighaots or sprouting
of buds from rhizome portion
2) Days to rhizome sprouting
Recorded as days to start of shoot elongation lazdme initiation.
3) Number of sprouted buds

Number of cultures per treatment 12
Number of replications : 04
Experimental design : Completely Randomized Desig

3.3.3 _Experiment-lll: Standardisation of shoot proliferation in Alstroemeria

After the establishment phase, rhizome tips witkeast one axillary bud
were taken and placed on basal MS media (solidj sath activated charcoal)
consisting different combinations of Plant growglgulators (Table 3.3.3).



Table 3.3.2: Plant growth regulator combinations tied for culture
establishment in Alstroemeria cv. Pluto

MS + PGR’s (mg ')

S. No. BAP IBA NAA  Kinetin _ Activated charcoal
1. 0.2 0.02 - - i
2 0.4 0.02 ] ] i
3 0.6 0.02 ] ] i
4. 0.8 0.02 ] ] i
5 1.0 0.02 ] ] i
6. 1.0 0.2 i - i
7. 15 0.2 i - i
8. 15 0.4 i - i
9. 15 0.6 i - i
10 2.0 0.2 ] ] i
11 2.0 0.4 ] ] i
12 2.0 0.6 - - i
13 25 0.2 ; ] i
14 25 0.4 ] ] i
15 25 0.6 ] ] i
16 25 05 ] ] i
17 3.0 05 - - i
18 05 i - - i
19 1.0 i ] ] i
20 15 i ] - i
21 i 0.2 ; 05 i
22 i 0.2 ; 1.0 i
23 i i 0.2 05 i
24 i i 0.2 1.0 i
25 i i 0.2 15 i
26 05 i 0.2 ; 1000
27 1.0 i 0.4 ; 1000
28 15 i 0.4 ; 1000
29 2.0 i 0.4 ] 1000
30 1.0 0.2 ; ] 1000
31 15 0.2 ; ] 1000
32. i 0.2 ; 15 1000
33. i 0.2 ; 2.0 1000

34. (Liquid) 1.5 0.2 i i i




Table 3.3.3: Plant growth regulator combinations tied for shoot
proliferation in Alstroemeria cv. Pluto

MS + PGR’s (mg I")

SN e IBA GA;  Kinetn  TDZ Acﬁg‘:i(ﬁ
1. 1.0 0.2 0.5 - - 1000
2. 1.0 0.2 0.5 - - -

3 1.5 0.2 0.5 - - 1000
4. 1.5 0.2 0.5 - - -
5. 2.0 0.4 0.5 - - 1000
6. 2.0 0.4 0.5 - - -
7. 4.0 0.4 1.0 - - 1000

In-vitro plants were profusely multiplied on Alstroemeriailtiplication

medium.
3.3.3.1 Observations

1. Per cent proliferation

Based on the number of proliferating cultures.
2. Number of erect shoots

Recorded as number of erect shoots/ rhizome.
3. Number of new rhizome buds

Recorded as rhizome formed with apical buds froftuced rhizome tips.
4. Fresh weight of rhizome/shoot complex (g)

Based on the weight of cluster formed along-witbhath and rhizome per
explant cultured.
5. Multiplication index:

Multiplication index was calculated on the basisnaimber of individual

propagules realized from one explant after 6 weéksilture.



Number of cultures per treatment 10
Number of replications : 04
Experimental design : Completely Randomized Desig

3.3.4 Experiment-1V: Standardisation of callus induction and
organogenesis irAlstroemeria

Inflorescence buds, shoot nodal segments and leHv&kstroemeria cv.
Pluto were used for callus induction and were mace basal MS solid media
consisting of different combinations of Plant grbwsgulators.

Table 3.3.4 : Plant growth regulator combinations tied for callus induction
and organogenesis iMlstroemeria cv. Pluto

S, MS + PGR’s (mg IY)

No. BAP 24D  NAA  GAs
1. 0.2 2.0 - -
2. 0.3 25 - -
3. 0.4 3.0 - -
4. 0.5 3.5 - -
5. 0.5 4.0 - -
6. 0.8 6.0 - -
7. 1.0 6.5 - -
8. 0.2 - 2.0 -
9. 0.3 - 2.5 .
10. 0.4 - 35 -
11 0.5 - 4.0 .
12 0.5 - 4.5 -
13 0.5 - 5.0 -
14. - 1.5 1.5 -
15. : - 4.0 .
16 0.5 - 0.4 0.5




3.3.4.1 Observations
1. Callus induction (%)

2. Callus fresh weight (mg)

3. Callus texture/colour
4. Regenerating callus percentage
Number of cultures per treatment 10
Number of replications : 04
Experimental design : Completely Randomized Dresig

3.3.5 _Experiment V: Standardisation of rooting in Alstroemeria

In vitro raised shoots grown on Alstroemeria multiplicatioredium
(solid, solid with activated charcoal and liquidg¢ne cut back to a length of 1 cm
and each consisted a rhizome segment with 2-3 pedshoot and transferred on
MS media containing different concentration and boration of auxins.

Table 3.3.5 Plant growth regulator combinations tred for rooting in
Alstroemeria cv. Pluto

MS + PGR’s (mg %)

S.NO. e S S
IBA NAA Activated charcoal
1. 0.5 - 1000
2. 2.0 - 1000
3. 0.5 - -
4, 1.0 - -
5. 2.0 - -
6. - 0.5 -
7. - 1.0 -
8. - 1.5 -
9. - 2.0 -
10. 1.0 - -
11. 1.0 - 1000
12. 1.0 - -
13. - 1.5 -
14. - 2.0 -




3.3.5.1 Observations

1 Days to appearance of root
2 Per cent rooting

3. Number of roots

4 Root length (mm)

Number of cultures per treatment 10
Number of replications : 04
Experimental design : Completely Randomized Desig

3.4  Statistical analysis

Statistical analysis of the data collected forefiint parameters during the
present investigation was subjected to analysisvariance for completely

randomized design with four replications (Gomez &autnez, 1983).



Chapter — 4
EXERIMENTAL RESULTS

Theresults obtained in the foregoing study are preskemt the following

sections:

4.1 Experiment—I: Standardisation of disinfection protocol for variaus
explants in Alstroemeria cv. Pluto

4.1.1 Culture asepsis
4.1.1.1 Rhizome tips

Data regarding influence of sterilant treatmentolture asepsis per cent

of rhizome tip explants after 2 weeks and 4 weskwésented in Table 4.1.1.1.

At 2 weeks of culture per cent asepsis ranged 8d in explants treated
with ethyl alcohol 70% for 30 secondss)So 79.20 in explants treated with
Carbendazim 200 ppm for 30 minutes followed by meccchloride (0.1 %) dip

for 10 minutes and ethyl alcohol 70% for 1 minute.

At 4 weeks highest per cent asepsis (68.08) wasrded in explants
treated with Carbendazim 200 ppm (30 minutes) ¥e#id by mercuric chloride
(0.1 %) dip (10 minutes) and ethyl alcohol 70% doe minute (§. This was at
par with results recorded ing $ut significantly superior to all other treatments
Lowest asepsis after 4 weeks was recorded in tezat® (Ethyl alcohol 70% dip

for 30 seconds).
4.1.1.2 Rhizome sections

Data pertaining to influence of sterilant treatnseah culture asepsis per
cent of rhizome section explants Afstroemeria cv Pluto after 2 weeks and 4

weeks is presented in the Table 4.1.1.2.

Effect of sterilant treatments on culture asepses pent of rhizome
sections at 2 weeks was highest (63.46) in explasésed with Carbendazim 200

ppm for 30 minutes followed by mercuric chlorid@.1 %) dip (10 minutes) and



Table 4.1.1.1: Influence of sterilant treatments onculture asepsis (%) of
rhizome tip explants of Alstroemeria cv. Pluto

Sterilants 2 weeks 4 weeks

27.08 20.84

: : . 0 .
S, Mercuric chloride dip (0.1%) for 5 minutes (27.92) (24.06)

41.66 33.33

. . . 0, 1
S, Mercuric chloride dip (0.1%) for 10 minutes (40.16) (35.18)

, 6.27 4.18

0,
Sz Ethyl alcohol (70%) dip for 30 seconds (8.24) (6.76)
37.49 29.16

S, Ethyl alcohol (70%) dip for 1 minute (37.61) (32.38)

S Carbendazim 200 ppm for 30 minutes followed 62.49 54.16
by S and S (52.38) (47.43)

Ss Carbendazim 200 ppm for 30 minutes followed 93.72 85.41
by S and S (79.20) (68.08)

S; Carbendazim 400 ppm for 30 minutes followed 81.24 70.83
by S and S (64.93) (57.60)

S Carbendazim 400 ppm for 30 minutes followed 91.65 83.33
by S and g (75.29) (66.25)
C.Dp<0.05) 15.66 12.62

Values in parenthesis are arcsine transformedidagter cent



Table 4.1.1.2: Influence of sterilant treatments onculture asepsis (%) of
rhizome section explants of Alstroemeria cv. Pluto

Sterilants 2 weeks 4 weeks

16.68 12.51

: : . 0 .
S, Mercuric chloride dip (0.1%) for 5 minutes (18.12) (15.49)

27.08 22.92

: . . 0 .
S, Mercuric chloride dip (0.1%) for 10 minutes (27.92) (25.37)

, 6.27 4.18

0,
Sz Ethyl alcohol (70%) dip for 30 seconds (8.24) (6.76)
29.16 27.08

S, Ethyl alcohol (70%) dip for 1 minute (32.63) (31.15)

S Carbendazim 200 ppm for 30 minutes followed 62.49 54.16
by S and S (52.38) (47.43)

Ss  Carbendazim 200 ppm for 30 minutes followed 79.16 77.08
by S and S (63.46) (61.63)

S; Carbendazim 400 ppm for 30 minutes followed 60.41 52.08
by S and S (51.06) (46.19)

S Carbendazim 400 ppm for 30 minutes followed 74.99 72.91
by S and g (60.15) (58.84)
C.D(p<0.05) 17.00 14.86

Values in parenthesis are arcsine transformedidagter cent



Final treatment with ethyl alcohol (70 %) for onénate. This was followed by
60.15 per cent in explants treated with Carbenda#®® ppm for 30 seconds,
mercuric chloride (0.1 %) dip (10 minutes) and fietnyl alcohol (70 %) for one

minute.

At 4 week of culture, difference among the mean gent asepsis with
regard to the effect of sterilant treatments ortural asepsis of rhizome section
explant was significant and was highest (61.63 #o)explants treated with
Carbendazim 200 ppm for 30 minutes followed by meccchloride (0.1 %) for
(10 minutes) and final treatment with ethyl alcofitd %) for one minute. This
was followed by 58.84 per cent in explants treatetd Carbendazim 400 ppm for
30 seconds, mercuric chloride (0.1 %) dip (10 nespaind final ethyl alcohol (70

%) for one minute.

Lowest culture asepsis at 2 weeks and 4 weekslafrewas recorded in
explants treated with sterilant treatment comboratss (Ethyl alcohol 70% dip

for 30 seconds).
4.1.1.3 Shoot tip

Influence of sterilant treatments on culture aseps$ishoot tip explants is
presented in Table 4.1.1.3.

Highest per cent asepsis at 2 weeks (66.25) andeekw(60.15) was
recorded in explants treated with sterilant treatim@mbination Carbendazim
200 ppm for 15 minutes + mercuric chloride (0.1 &g for 3 minutes. This was
followed by 63.46 and 54.81 per cent asepsis recbmhder sterilant treatment S
(Carbendazim 200 ppm for 15 minutes + mercuric ratdo dip 0.1 % for 5
minutes) at 2 weeks and 4 weeks of culture resgagtiTreatments £$S;, S and
S; were at par. The lowest culture asepsis per ceb2@6 was recorded when
explants were treated with mercuric chlori@gld % dip for 5 minutes {5



Table 4.1.1.3: Influence of sterilant treatments onculture asepsis (%) of
shoot tip explants ofAlstroemeria cv. Pluto

Sterilants 2 weeks 4 weeks

74.99 60.41

. . . 0, 1
S;  Mercuric chloride dip (0.1 %) for 3 minutes (60.15)  (51.06)

62.49 52.08

: : : 0 :
S,  Mercuric chloride dip (0.1 %) for 5 minutes (52.26) (46.19)

83.33 74.99

S;  Carbendazim 200 ppm for 15 minutes followed by 8(66.25) (60.15)

79.16 66.66

S, Carbendazim 200 ppm for 15 minutes followed by 8(63.46) (54.81)

74.99 62.49

S5 Carbendazim 400 ppm for 15 minutes followed by 8(60.15) (52.38)

Ss  Carbendazim 400 ppm for 15 minutes followed by %2322) (igig)
C.Dp<0.05) 7.81 7.71

Values in parenthesis are arcsine transformedidagter cent



4.1.1.4 Shoot nodal segments

Culture asepsis of shoot nodal segments under reliffe sterilant

treatments is presentedTiable 4.1.1.4.

Per cent asepsis of shoot nodal segments at 2 weeged from 53.58 per
cent in explants treated with mercuric chloride?0.dip (5 minutes) to 71.95 per
cent in explants treated with Carbendazim 200 ppml®é minutes followed by
mercuric chloride 0.1% dip (3 minutes). At 4 we@les cent asepsis ranged from

43.79 to 63.46 in explants under the same treasy®and S respectively.

At 2 weeks per cent asepsis recorded under stetiastment $was at
par with that recorded under &nd S but significantly superior to rest of the
treatments. However at 4 weeks per cent asepsey tretments Sand § was at
par though results obtained with treatmeptw®re significantly superior to all

other treatments.
4.1.2 Survival
4.1.2.1 Survival of rhizome sections and rhizomeps

Results pertaining to survival of rhizome sectiansgl rhizome tips after 4

weeks of incubation is presented in the Table 411.2

Data revealed highest per cent survival (60.15)hafome sections was
recorded in explants treated with Carbendazim 2@ for 30 minutes followed
by mercuric chloride 0.1 % dip (10 minutes) andafiethyl alcohol (70 %) for
one minute (§.This was significantly superior to survival olmted in all other
sterilant treatments. Lowest per cent survival §pwas recorded when rhizome

sections were treated with ethyl alcohol (70 %)30rseconds Gk

In rhizome tips highest per cent survival (68.08swecorded with &S
sterilant treatment followed by per cent surviial.60) with § treatment. Lowest
per cent survival (14.01) was recorded with S



Table 4.1.1.4 . Influence of sterilant treatments o culture asepsis (%) of
shoot nodal segment explants oflstroemeria cv. Pluto

Sterilants 2 weeks 4 weeks
S; Mercuric chloride dip (0.1 %) for 3 minutes (ggig) (gggg)
S, Mercuric chloride dip (0.1 %) for 5 minutes (gggg) (g%)
S; Carbendazim 200 ppm for 15 minutes followed by S(gz:gg) (ggig)
S, Carbendazim 200 ppm for 15 minutes followed by S(gg:ig) (;ggg)
S Carbendazim 400 ppm for 15 minutes followed by S(gg:?g) (ggg%
Ss Carbendazim 400 ppm for 15 minutes followed by %gggg) (g%)

S S w2 ads

Values in parenthesis are arcsine transformedidagter cent



Table 4.1.2.1: Influence of sterilant treatments orsurvival (%) of rhizome
sections and rhizome tip explants oAlstroemeria cv. Pluto

Rhizome Rhizome

Sterilants i i
sections tips
. . . . 6.27 14.59
0,
S;  Mercuric chloride dip (0.1%) for 5 minutes (8.24) (16.81)
16.68 22.91

. . . 0 1
S, Mercuric chloride dip (0.1%) for 10 minutes (18.12) (28.36)

_ 4.18 10.43
0,
Sz Ethyl alcohol (70%) dip for 30 seconds (6.76) (14.01)
24.99 31.24

0 i i
S, Ethyl alcohol (70%) dip for 1 minute (29.83) (33.86)

Ss Carbendazim 200 ppm for 30 minutes followed 49.99 62.49
by S and S (44.99) (52.38)

S Carbendazim 200 ppm for 30 minutes followed 74.99 85.41
by S and S (60.15) (68.08)

S; Carbendazim 400 ppm for 30 minutes followed 49.99 58.33
by S and S (44.99) (49.83)

Ss Carbendazim 400 ppm for 30 minutes followed 68.74 70.83
by S and § (56.13) (57.60)
C.D(p<0.05) 14.87 14.31

Values in parenthesis are arcsine transformedidagar cent

*Data recorded at the end of 4 weeks of culture



4.1.2.2 Survival of shoot tips and shoot nodal segmis

There were significant differences in shoot tipsl ahoot nodal segment
explants survival in response to sterilant treatiieResults regarding shoot tip

and shoot nodal segments are presented in Tab221.1

Highest per cent survival of shoot tips (56.13) wasorded in explants
treated with Carbendazim 200 ppm for 15 minuteyed by mercuric chloride
(0.1 %) dip for 3 minutes. This was significantlypgrior to treatments were
Carbendazim strength was 400 ppm with 3 or 5 mimeecuric chloride (0.1 %)
dip. Lowest per cent survival (29.83) was recordedexplants treated with
mercuric chloride (0.1 %) dip for 5 minutes.

In case of shoot nodal segments highest per cewival of (52.38)
recorded with Carbendazim 200 ppm for 15 minutefoi@d by mercuric
chloride (0.1 %) dip for 3 minutes {Swhich was at par with treatment were
Carbendazim concentration was increased to 400 ppim same mercuric
chloride (0.1 %) exposure durations®r were Carbendazim concentration was
left unchanged but followed by 5 minute mercuridodde (0.1 %) dip (§.
Survival per cent in all the above treatments wgsifscantly superior to rest of
the treatments. Lowest per cent survival of (35.M8s recorded in explants
treated with mercuric chloride (0.1 %) dip for Snuies.

4.2 Experiment 1. Standardization of media and grawth regulator
combination for culture establishment inAlstroemeria cv. Pluto.
4.2.1 Per cent establishment

In all 25 plant growth regulator combinations in Mtdia were tried to
evaluate the influence on culture establishmenthifome tips and rhizome

sections. Results are presented in Table 4.2.1.

Perusal of data reveal significant differences agnoarious treatments

in terms of culture establishment. In caferhizome tips, highest per cent



Table-4.1.2.2 : Influence of sterilant treatments o survival (%) of shoot tips
and shoot nodal segment explants oflstroemeria cv. Pluto

Shoot
Sterilants S.hOOt nodal
tips
segments
41.66 49.99

: . . 0 .
S, Mercuric chloride dip (0.1 %) for 3 minutes (40.16)  (45.00)

24.99 33.33

. . . 0, 1
S, Mercuric chloride dip (0.1 %) for 5 minutes (29.83)  (35.18)

68.74 62.49

S;  Carbendazim 200 ppm for 15 minutes followed by 8(56.13) (52.38)

47.91 54.16

S, Carbendazim 200 ppm for 15 minutes followed by 8(4379) (47.43)

54.16 58.33

S Carbendazim 400 ppm for 15 minutes followed by 8(4743) (49.83)

Ss  Carbendazim 400 ppm for 15 minutes followed by %jggg) (451228)
C.Dip<o.05) 7.66 8.17

Values in parenthesis are arcsine transformedidagter cent

*Data recorded at the end of 4 weeks of culture



Table 4.2.1: Influence of growth regulator combinéions on culture
establishment (%) in Alstroemeria cv. Pluto
MS + PGRs mg I*
--------------------------------------------------------------- Rh_izome Rhiz_ome
Treatment ~BAP IBA NAA Kinetin iﬁg‘gﬁ' tips* sections*
T, 0.2 0.02 - - - 35.41 (36.49) 25.75 (30.48)
T, 04 0.02 - - - 35.83(36.74) 29.91 (33.11)
Ts 0.6 0.02 - - - 41.66 (40.165)  35.49 (36.46)
T, 0.8 0.02 - - - 86.66 (69.02)  37.49 (37.61)
Ts 1 0.02 - - - 86.88 (68.83)  38.91 (38.54)
Te 1 0.2 - - - 88.92 (70.84)  39.74 (39.06)
T, 15 0.2 - - - 70.83 (57.60)  37.49 (37.73)
Ts 15 04 - - - 41.35(39.95) 29.16 (32.63)
To 1.5 06 - - - 38.12(38.04) 22.91 (28.52)
T1o 2 0.2 - - - 41.35(39.95) 22.16 (28.01)
T 2 0.4 - - - 33.08 (35.11) 20.33(26.71)
T 2 0.6 - - - 31.00(33.79) 18.74 (25.56)
Tis 25 02 - - - 39.58 (38.93) 20.33 (26.71)
Tia 25 04 - - - 33.08 (35.11)  18.74 (25.56)
Tis 25 06 - - - 31.00(33.79)  16.66 (24.09)
Tis - 0.2 - 0.5 - 30.00 (33.17)  16.66 (24.09)
LY, - - 0.2 1 - 30.11 (33.24) 18.74 (25.56)
Tis 0.5 - 0.2 - 1000 31.00(33.79) 18.75(22.48)
Tio 1 - 0.4 - 1000 29.00 (32.53)  16.66 (24.09)
T2o 2 - 0.4 - 1000 27.93(31.87) 16.66 (24.09)
To 1 0.2 - - 1000 94.55 (78.25)  41.74 (40.24)
To 1.5 0.2 - - 1000 93.74 (77.43)  39.58 (38.93)
Tas - 0.2 - 1.5 1000 39.58 (38.93) 39.58 (38.93)
Toa - 0.2 - 2 1000 29.00 (32.53)  37.49 (37.73)
Tos 1.5 0.2 - - - 99.99 (89.42)  68.74 (56.13)
(Liquid media)
""""""""""""""""" CDpeooy 637 632

Values in parenthesis are arcsine transformedidagar cent
*Data recorded at the end of 6 weeks of culture



establishment (89.42) was recorded under the giantth regulator combination
BAP + IBA: 1.5 + 0.2 mgt in MS- liquid media (Plate 1a).

Highest establishment of rhizome tips on solid rae(ii8.25 %) was
recorded under ;f (BAP + IBA + Activated charcoal: 1.0 + 0.2 + 100Q 1)
which was at par with 25 (BAP + IBA + Activated charcoal: 1.5 + 0.2 + 1001
IY). Establishment in 5 was significantly superior than that recorded urifie
were similar concentration of BAP and IBA except &mtivated charcoal were
employed (Plate 1b and 1c). Lowest establishmentget (31.87) was recorded
under Bo (BAP + NAA + Activated charcoal: 2.0 + 0.4 + 100@ ).

Establishment in rhizome sections was relativelydoin comparison to
rhizome tips. Highest establishment (56.13 %) vea®nded in liquid media )
which was significantly superior than average dihiment under rest of the
plant growth regulator combinations (Plate 1d)aBsshment of rhizome sections
in solid media with activated charcoal was sigmifity superior than that
recorded in solid media without activated charc@dhte le and 1f). Per cent
establishment under,7(BAP + IBA + Activated charcoal: 1.0 + 0.2 + 100@ 1ih
) was 40.24 which was significantly superior thah0® and 37.73 recorded
under T and Ts (BAP + IBA: 1.5 + 0.2 mgtand BAP + IBA : 1.0 + 0.2 mg"l
respectively). Lowest establishment per cent (22i48rhizome sections was
recorded under {E(BAP + NAA + activated charcoal: 0.5 + 0.2 + 1006 ).

4.2.2 Days to sprouting and number of sprouted buds

Data regarding influence of plant growth regulatombinations on days
to sprouting and number of sprouted buds in rhiztipgeand rhizome sections is

presented in Table 4.2.2.

Liquid media significantly improved days to spraowgfiand number of
sprouted buds in comparison to solid media. Leastber of days to sprouting
(9.18 and 9.98 in rhizome tips and rhizome secti@spectively) and highest

mean number of sprouted buds (4.05 and B.0Gizome tips and rhizome



Table 4.2.2 :  Influence of growth regulator combin&ions on days to sprouting and
number of sprouted buds inAlstroemeria cv. Pluto
________________________ MS+PGRsmGF L osproutng | No-of sprouted
buds*

Treatment BAP IBA NAA Kinetin ’j:f]gvrgg' ";gf;;_;;;r;;"F;,;;;;;r‘,;;gf;gz‘(;;;];"‘F;;{i‘z;;;,;‘e"
tIpS sections tIpS sections

T, 04 002 - - - 5.32 5.87 0.87 0.62

T, 06 002 - - - 8.07 8.12 1.00 0.75

Ts 0.8 002 - - - 11.52 11.71 1.00 0.98

T, 1 002 - - - 14.56 14.63 1.21 1.00

Ts 1 02 - - - 15.06 14.13 1.97 1.91

Te 1.5 04 - - - 15.45 15.76 0.92 0.75

T, 15 06 - - - 16.23 16.47 0.82 0.62

Ts 2 02 - - - 10.23 11.67 1.00 0.80

To 2 04 - - - 12.13 12.27 0.93 0.75

Tao 2 06 - - - 12.38 13.23 0.71 0.62

Tu 25 02 - - - 14.06 14.25 0.77 0.72

T 25 06 - - - 14.07 14.31 0.70 0.62

Tis - 02 - 0.5 - 12.10 12.87 0.92 0.87

T - - 0.2 1 - 11.03 11.71 0.87 0.56

Tis 05 - 0.2 - 1000 10.72 11.67 1.20 1.00

Tis 1 - 0.4 - 1000 11.03 11.98 0.91 0.87

Taz 2 - 0.4 - 1000 11.61 12.16 0.75 0.62

Tis 1 02 - - 1000 11.08 11.91 2.25 2.05

Tao 15 02 - - 1000 12.50 12.92 2.10 1.96

Tao - 02 - 15 1000 13.13 13.81 0.93 0.87

To - 02 - 2 1000 13.52 14.00 0.80 0.62
Ty(Liquid) 1.5 0.2 - - - 9.18 9.98 4.05 3.00
- CDewooy 063 203 054 056

*Data recorded at the end of 6 weeks of culture



Establishment of rhizome tips in
liquid media

la) BAP +IBA: 1.5+ 0.2 mgt

Establishment of rhizome tips on
transparent solid medie

1b) BAP +IBA: 1.0 + 0.2 mg T

Establishment of rhizome tips on
activated charcoal medi:

j UEE!: . I

|
1
i
£

1c) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg!

Establishment of rhizome sections in
liquid media

2018708415 22:24

1d) BAP +IBA: 1.5+ 0.2 mg'|

Establishment of rhizome sections on
transparent solid medie

le) BAP + IBA: 1.0 + 0.2 mgt

Establishment of rhizome sections on
activated charcoa media

1f) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg

Plate-1 : Culture establishment



sections respectively) were recorded in liquid raesdipplemented with BAP and
IBA: 1.5 + 0.2 mg T (Plate 2a and 2d). The results are comparable tiviihe
recorded on solid media supplemented with BAP + #BActivated charcoal : 1.0
+ 0.2 + 1000 mg}(11.08 and 11.91 days recorded to sprouting inorhi tips
and rhizome sections; 5.25 and 2.25 number of $pddouds recorded in rhizome
tips and rhizome sections).Number of sprouted was significantly higher on
solid media with activated charcoal as comparesbtm media without activated
charcoal irrespective of having same growth regulagime (Plate 2b, 2c, 2e and
2f).

Highest days to sprouting (16.23 and 16.47 in miedips and rhizome
sections respectively) was recorded undg{(BAP + IBA: 1.5 + 0.6 mg ).
Lowest number of sprouted buds 0.62 in rhizomewps recorded ing[ T, Tg,
T1; and T3 Lowest number of sprouted buds (0.70) in casghiabme sections
was recorded undend
4.2.3 Influence of other plant growth regulator combinations on culture

establishment

In addition to data presented in Table 4.2.1, sdvether plant growth
regulator combinations were tried (Appendix—I). Hoar, both the explant types
(rhizome tips and rhizome sections) failed to dsthhin the below mentioned
plant growth regulator combinations presented ipeumlix—I.

4.3 Experiment-lll : Standardisation of callus induction and
organogenesis irAlstroemeria cv. Pluto
4.3.1 Per cent callus induction, callus fresh weighcallus type

Data regarding the per cent callus induction, saliexture/colour and
callus fresh weight under different plant growthgukator combinations in
inflorescence bud explant 8istroemeria cvPluto is presented in Table 4.3.1.

In inflorescence buds oAlstroemeria cv.Pluto differences in means
recorded for per cent callus induction, callus Hregeight under different plant

growth regulator concentrations were significanflorescence bud explant in



Table 4.3.1: Influence of growth regulator combinaibns on callusing in
inflorescence bud explant oAlstroemeria cv. Pluto

MS + PGRs mg I* Callus
Callus
. . fresh Callus
----------------------------------------- induction :
(%) weight Texture/colour
Treatment BAP NAA (mg)*
62.49 Friable white green
T 0.2 2 (52.26) 1.57 (FWG)
18.75 FWG (Friable white
T, 0.4 3.5 (19.21) 0.82 green)
FWG
T 05 4 (gg'g% 2.98
' (Friable white green)
35.41 FWG (Friable white
T4 0.5 4.5 (36.49) 1.05 green)
C.D (p<0.05) 19.06 0.50

Values in parenthesis are arcsine transformedidgter cent

*Data recorded at the end of 6 weeks of culture



Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
liquid media liquid media

Ead

2a) BAP + IBA: 1.5+ 0.2 mg 2d) BAP +IBA: 1.5 +0.2mgt
Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
transparent solid medie transparent solid medie

2b) BAP +IBA: 1.0 + 0.2 mgt 2e) BAP+IBA:1.0+0.2mgT
Sprouted buds of rhizome tips in Sprouted buds of rhizome sections in
activated charcoal medi activated charcoal medi:

2c) BAP +IBA+AC:1.0+0.2+1000 mg'l  2f) BAP + IBA + AC: 1.0 + 0.2 + 1000 mg1

Plate-2 : Sprouted buds



MS-medium fortified with BAP + NAA : 0.5 + 4.0 mg'Irevealed highest per
cent callus induction (79.37) and the lowest (19\as recorded under BAP +
NAA: 0.4 + 3.5 mg T which was statistically at par with a treatment(BAP +
NAA : 0.5 + 4.5 mg).

Highest mean callus fresh weight (2.98 mg) unde ANABAP: 4 + 0.5
mg * was significantly superior to all other NAA basegowth regulator
combinations. This was followed by (1.57 mg) und&A + BAP: 2.0 + 0.2 mg’l
! Lowest callus fresh weight (0.82 mg) was recorgéti NAA +BAP: 3.5 + 0.4

mg I

Friable white green callus was observed in callup@sving in media

supplemented with NAA.
4.3.2 Callusing in inflorescence buds

In addition to data presented in Table 4.3.1 séwettzer plant growth
regulator treatment combinations were also triecpp@adix—Il). However,
inflorescence buds failed to develop any callughensaid plant growth regulator

combinations.
4.1.4.3 Callusing in leaves and shoot nodal segment

Plant growth regulator combinations on MS- medigdtrfor callus
induction inAlstroemeria cvPluto leaf explants are presented in Appendix-lll.

However, no response in terms of callus inductias wbtained.

Further plant growth regulator combinations triemt fegeneration of
callus presented in Appendix—IV, failed to eli@sponse in terms of regeneration

from callus.



4.4  Experiment IV: Standardisation of shoot prolifgation in Alstroemeria
cv. Pluto

441 Per cent establishment, number of erect sh®t number of new
rhizome buds, rhizome fresh weight/shoot complex ahmultiplication
index

Data pertaining to effect of various plant growdgulator combinations
on rhizome tip proliferation (%), number of erettosts and number of new

rhizome buds irAlstroemeria cvPluto are presented in Table 4.4.1.

Proliferation of rhizome tip explants in media fiield with activated
charcoal was significantly higher as against thattnents were activated charcoal
was not used. Highest per cent proliferation (88\W8&s recorded with treatment
T. (BAP + IBA + GAs + activated charcoal: 1.0 + 0.2 + 0.5 + 1000 My T3
(BAP + IBA + GAg + activated charcoal: 1.5 + 0.2 + 0.5 + 1000 fig &nd &
(BAP + IBA + GAg + activated charcoal: 2.0 + 0.4 + 0.5 + 1000 iHgHler cent
proliferation recorded under all the above treatime@ras significantly higher than
that recorded under,{BAP + IBA + GA3. 1.0 + 0.2 + 0.5 mg‘lb, T4 (BAP + IBA
+ GAs. 1.5 + 0.2 + 0.5 mg") and & BAP + IBA + GAg. 2.0 + 0.4 + 0.5 mg")
(Plate 3a, 3b, 3c). Lowest per cent proliferati@6.§6) was recorded with;T
(BAP + IBA + GAs + activated charcoal: 4.0 + 0.4 + 1.0 + 1000 g |

Results indicate that explants placed in activatédrcoal fortified
medium on an average yielded significantly highember of erect shoots in
comparison to explants on media without activatear@al. Highest number of
erect shoots (5.75/explant) was recorded in MS-iangabplemented with BAP +
IBA + GA; + Activated charcoal.0 +0.4 + 0.5 + 1000 mg‘(Plate 3e). This
was statistically at par with 5.00 erect shoot®reéed in T (BAP + IBA + GAg +
Activated charcoall.0 +0.2 + 0.5 + 1000 mg') (Plate 3f). Number of shoots
recorded in media not supplemented with activatemicoal, 3 (BAP + IBA +
GA;z:1.0 +0.2 + 0.5 mg¥), T4 (BAP + IBA + GAs: 1.5 +0.2 + 0.5 mg¥), Ts
(BAP + IBA + GAs: 2.0 +0.4 + 0.5 mg?) was 3.25, 2.75 and 3.00 respectively
(Plate 3d). The values fon, T, and T were statistically at par. Lowest number of
erect shoots (1.50) was recorded in(BAP + IBA + GAg + Activated charcoal:
4.0 +0.4 + 1.0 + 1000 mg).



Table 4.4.1: Influence of growth regulator combin&ons on proliferation in rhizome tip explants of Alstroemeria cv. Pluto

MS + PGRs mg 1*

_____________________________________________________ Per cent No. of No._ of new Rhiz_ome fresh Multiplication
Treatment Activated literati erect rhizome  weight/shoot
BAP  IBA profiteration shoots* buds** complex (g) index/cycle
charcoal
Ty 1 0.2 0.5 1000 99.96 (88.85) 5.00 3.50 5.77 x 2.52
T, 1 0.2 0.5 - 85.83 (68.31) 3.25 2.00 4.75 x 1.67
T3 15 0.2 0.5 1000 99.96 (88.85) 4.25 2.25 5.05 96 1.
T, 15 0.2 0.5 - 66.66 (54.81) 2.75 1.12 4.06 x 0.95
Ts 2 0.4 0.5 1000 99.96 (88.85) 5.75 3.75 6.05 x 2.76
Te 2 0.4 0.5 - 81.66 (65.01) 3.00 1.75 4.45 x 1.50
T 4 0.4 1 1000 31.26 (26.66) 1.50 0.62 3.55 x 0.30
C.Dp<0.05) 17.23 1.55 1.30 0.37 0.43

Values in parenthesis are arcsine transformedidagar cent
*Data was recorded after 6 weeks of culture
**Data was recorded after 6 weeks of culture.



Rhizome tip proliferation on Erect shoots on transparent solid
transparent solid medie media

3a) BAP + IBA + GAg: 1.0 + 0.2 + 0.5 mg} 3d) BAP + IBA + GAg: 1.0 + 0.2 +0.5 mg't
Rhizome tip proliferation in Erect shoots in media with
media with activated charcoal activated charcoa

3b) BAP + IBA + GAz; + AC: 2.0 + 3e) BAP + IBA + GAs+ AC: 2.0+ 0.4
0.4 + 0.5 + 1000 mg" +0.5 + 1000 mg'}
Rhizome tip proliferation in media Erect shoots in media with activated
with activated charcoal charcoal

3c) BAP + IBA + GA;+ AC: 1.0 + 0.2 3f) BAP + IBA + GAz+ AC: 1.0 + 0.2
+0.5 + 1000 mg't +0.5 + 1000 mg't

Plate-3 : Proliferation



Number of new rhizome buds on explants also follbwee same pattern
with significantly higher number of new rhizome Isugkcorded unders1(3.75)
followed by (3.50) buds under; TLowest number of new rhizome buds (0.62)
was recorded under; TBAP + IBA + GAg + Activated charcoa#.0 +0.4 + 1.0 +
1000 mg ).

Rhizome fresh weight/shoot complex in media fatfiwith Activated
charcoal was significantly higher as compared ®attnents were activated
charcoal was not used. Highest rhizome fresh wislibbt complex (6.05 g) was
recorded with treatment ¢l This was followed by 5.77 g undeg and 5.05 g
under &, Lowest rhizome fresh weight/shoot complex (3.55wg)s recorded

under F.

Results indicate that explants placed in activatddrcoal fortified
medium on an average exhibited significantly higheultiplication index in
comparison to explants in media without activatetlarcoal. Highest
multiplication index of (2.76) was recorded in MBedia supplemented with
(BAP + IBA + GA; + Activated charcoaP.0 +0.4 + 0.5 + 1000 mg).This was
statistically at par with a multiplication index ¢2.52) recorded under; Bnd
multiplication index of (1.95) undersT

Multiplication indices recorded in media not suppénted with activated
charcoal T (BAP + IBA + GAg: 1.0 + 0.2 + 0.5 mg?) T4 (BAP + IBA + GAg:
1.5 + 0.2 + 0.5 mg¥) andTs (BAP + IBA + GAg 2.0 + 0.4 + 0.5 mg?) was
1.67, 0.95 and 1.50 respectively. Mean multiplmatndex values recorded under
T, T, and T were statistically at par. Lowest multiplicationdax (0.30) was
recorded under treatment (BAP + IBA + GA; + Activated charcoa#4.0 +0.4 +
1.0 + 1000 mg1).

In addition to plant growth regulator combinatiopsesented in Table
4.4.1, other combinations were no response in tefmsoliferation was achieved

are presented in Appendix — V.



4.5 Experiment V: Standardisation of rooting in Alstroemeria

4.5.1 Per centrooting and Days to appearance ofab

Data pertaining to the influence of plant growtlguiators on per cent

rooting and days to appearance of root is presenttée Table 4.5.1.

Results indicate that explants incubated on MSidiguedia supplemented
with NAA 1.5 mg I* resulted in significantly higher per cent rootit&g.81)
(Plate 4a).This was statistically at par with pentcrooting (48.63 and 44.99)
recorded under the treatmentsg@nd Tg) in liquid based media supplemented
with NAA 2.0 mg I* and IBA 1.0 mg respectively.

In case of explants incubated on solid media, lEglper cent rooting
(42.56) was recorded under NAA 1.5 mig This was statistically at par with per
cent rooting under oI Also results indicate that explants placed inivatéd
charcoal supplemented media recorded least per roeting (30.00). Hence
presence of Activated charcoal in rooting medidified with auxin revealed non-

significant effect on per cent rooting of rhizomelants.

Perusal of data reveal non-significant effect @nplgrowth regulators on
differences in mean number of days to appearanceoatf Lowest days to
appearance of root (10.87) was recorded in MSdiquedia fortified with NAA

1.5 mg 1*. This was statistically at par with other treattsen

Explants incubated on solid media supplemented WBi#1.0 and 2.0 mg
It recorded 12.75 and 13.12 days to appearance ofregpectively. Highest
number of days to root appearance (15.37) was adedan explants on MS solid
medium supplemented with IBA 2.0 nigand activated charcoal 1000 ng |



Table 4.5.1: Influence of growth regulator combin#&ions on rooting in
rhizome explants in Alstroemeria cv. Pluto

MS + PGRs mg T

. Days to
------------------------------------------------ Rooting
Treatment _ (%) appearance
charcoal
T1 2 - 1000 25.00 (30.00) 15.37
To 0.5 - - 25.00 (30.00) 12.87
Ts 1 - - 27.08 (31.15) 12.75
Ta 2 - - 25.00 (26.55) 13.12
Ts - 1 - 37.49 (37.73) 12.62
Ts - 1.5 - 45.83 (42.56) 12.45
T7 - 2 - 39.58 (38.93) 13.75
Tg(Liquid) 1 - - 49.99 (44.99) 11.04
T (Liquid) - 1.5 - 66.66 (54.81) 10.87
T1o(Liquid) - 2 - 56.24 (48.63) 12.50
C.D (p<0.05) 10.49 NS

Values in parenthesis are arcsine transformedidgter cent

NS = Non significant
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4b)  Number of roots (NAA 1.5 mgf)

4c) Number of roots (NAA 1.5 mg )

Plate-4 : Rooting



4.5.2 Number of roots and root length

Data pertaining to the effect of various auxinsnomber of roots and root

length (mm) inAlstroemeria cvPluto is presented in the Table 4.5.2.

Data reveal significantly higher root number in kexys incubated on
liquid media supplemented with NAA (Plate 4b angl &oot number in explants
under T9 and T10 (Liquid MS media supplemented ithor 2.0 mg NAAT)
was 3.12 and 2.81 respectively.

Lowest root number (1.12) was recorded in explamsviS solid media

supplemented with IBA + Activated charcoal: 2.000Q mg I".

In addition to plant growth regulators presented irable 4.5.1, other
combinations were no response in terms of per owoting was achieved are

presented in Appendix-VI .



Table 4.5.2 : Influence of growth regulator combinéons on root
number and length in rhizome tip explants inAlstroemeria
cv. Pluto

MS + PGRs mg 1
-------------------------------------------------------------------- Number of Root length

Treatment IBA NAA Activated ro00ts (mm)
charcoal

T, 2 - 1000 1.12 12.12
T, 0.5 - - 1.25 12.31
T3 1 - - 2.00 14.65
Ta 2 - - 1.87 12.75
Ts - 1 - 1.37 14.90
Te - 1.5 - 2.50 15.50
T - 2 - 2.12 14.11

Tg (Liquid) 1 - - 2.11 15.12

To (Liquid) - 1.5 - 3.12 16.42
T1o - 2 - 2.81 15.01

(Liquid)
"""""""""""""""""""""""""""""""""" COpcon 13 NS

NS= Non-significant



Chapter — 5
DISCUSSION

In light of the available literature and data gewed in the foregoing

study, the results are discussed in the followewjiens.

51 Experiment—| : Standardisation of disinfection protocol for variaus
explants in Alstroemeria cv. Pluto

5.1.1 Surface sterilization, culture asepsis and stival

5.1.1.1 Culture asepsis and survival of rhizome tg rhizome sections, shoot
tips and shoot nodal segments

Various surface sterilization strategies have la@nsed inAlstroemeria
by different workersaccording to varied morphology of the explants lideo to

achieve desirable level of culture asepsis andaalrv

In Alstroemeriarhizome is the main explant an underground strecénd
carries a significant microbial load. Thereforehiaging culture asepsis and
subsequent survival of explants is a significaraleimge inAlstroemeria.

In the current study, rhizome tips and rhizome isast were surface
sterilized for 5.0 and 10 minutes in 0.1% mercuidoride after a 30 minute
surfactant treatment fortified with 200 and 400 p@arbendazim and final
treatment with ethyl alcohol (70 %) for one minudggnificant differences among
means in terms of per cent asepsis and subsequeitad were observed for both
explants and sterilant combinations in rhizome &pd rhizome sections (Tables
4.1.1.1,4.1.1.2 and 4.1.2.1). Highest culture sisepas achieved in rhizome tips.
Maximum asepsis in rhizome tips may be attributedt$ lesser surface area
exposed as a result of single cut at the distaladritie rhizome and hence less
area for entry of potential infections. This isdomparison to rhizome sections
where two cuts are made at the proximal and déestds and hence more exposed
tissue. Further rhizome tips are compact structungth relatively fewer
subtending organs like roots and tubercles and endrave less quantity of



extraneous material like dirt, soil etc adheringichkhmay have contributed to

higher asepsis in comparison to rhizome sections.

Among the sterilant combinations, a 10 minute meccchloride (0.1 %)
solution dip significantly improved culture asepsicomparison to 5 minute dip.
Ethyl alcohol 70 % treatment alone for one minutevpd better (§ than a 30
seconds treatment with ethyl alcohol 70 %{Sowever one minute ethyl alcohol
treatment at the end of sterilization procedureoiving Carbendazim 200 ppm
for 30 minutes followed by mercuric chloride (0.1%)r 10 minutes under
laminar flow hood significantly increased cultusepsis (79.20%) (Plate 5b). The
results indicate passing explants through fungiciteatment followed by
mercuric chloride and final treatment with ethytalol is indispensable for
culture asepsis in rhizome explants Alstroemeria Concentrated ethanol is a
powerful disinfectant that kills majority of fungaind bacterial spores through
instant dehydration. However increasing concemmatif Carbendazim from 200
to 400 ppm did not improve the final level of cu#uasepsis any further. The
difference between the two sets of treatments gl 5.0 and 10 minute
mercuric chloride dip and 30 seconds and one miethtyl alcohol (70 %)
treatment underlines the importance of minimatlgguate time duration of final
mercuric chloride (0.1 %) for 10 minutes and etdigbhol (70 %) for one minute

surface sterilization procedure under the lamitaw hood.

Overall results indicate that rhizome tips surviledter than the rhizome
sections which may be due to less injured aredénformer and hence lesser
quantity of exudates. In the current experimensielu of exudates from explants
was a major cause of physiological mortalityvitro (Plate 5a). Data reveal the
importance of ethyl alcohol in the eventual surlieh the aseptic explants
recorded at the end of 4 weeks of culture. Useadfendazim followed by ethyl
alcohol dip significantly improved culture surviviabth in rhizome sections and
rhizome tips. Whereas the former decreased magrtaditause of fungal infections

ethyl alcohol may have contributed in surviegimitigating the harmful effects



5a) Exudate production from explants

5b) Aseptic cultures



of mercuric chloride. Ethyl alcohol being a dehydrenay have played a role in
drawing out excess Hgions out of the explant tissues along with thedexes
which may have significantly contributed to higtseirvival in explants undersS
and S sterilant treatment. Mohanst al (2005) advocated use of final wash in
1% hypertonic KCI solution to draw out any tracdsHy®" from the explant

tissue.

Carbendazim, mercuric chloride and ethyl alcoholehdeen used by
several workers to achieve the desired level ofucellasepsis and survival
vitro. Hakkart and Versluijs (1985) initially rinsed th@zomes ofAlstroemeria
cv's Rosario, Toledo, and Jubilee with tap water atel ldipped for few seconds
in 70% ethyl alcohol. Final sterilization was dane laminar flow hood with 5 %
Ca Hypochlorite (CaOCI) followed by rinsing 3 timegh sterile water. Pierilet
al. (1988) reported use of 70 % ethyl alcohol for 2¢tonds followed by 20
minute dip in 1.5 % NaOCI (with few drops of Twe2@). Jyothiet al. (2008)
reported use of 1.0 % mercuric chloride for 8 mésuin ginger a plant with an
underground rhizome similar in architecture Astroemeria. Sathyagowri and
Seran (2011) also reported reasonable level otimukisepsis and survival with
Carbendazim (0.3%) + Doxycycline (0.2%) for 10 ntesufollowed by 70%
ethanol for 1 minute in ginger rhizome explantdwmatids. In the present study 10
minute dip in mercuric chloride (0.1 %) appearféocappropriate for a reasonable

level of culture asepsis and to avoid mortalitgrplants.

In the current study, shoot tips and shoot nodghms&amts were surface
sterilized for 3 and 5 minute in 0.1% mercuric clile after a 15 minute
surfactant treatment fortified with 200 and 400 p@arbendazim. Significant
differences among means were observed for botlaetplHighest culture asepsis
was achieved in shoot nodal segments rather thaot gips. Lower asepsis of
shoot tips may be due to bud morphology that allaasumulation of extraneous
material among loosely placed leaves which are simky. However, survival

was relatively better in shoot tips than shoot hagments. There was less



elusion of exudates from shoot tips in comparismshoot nodal segments. Less
exudates in shoot tips may be due to more proxpusition in shoots as most of
the exudates flow down and accumulate in the Igveetion of flowering shoots
which translated into more exudate outflawvitro in the latter and hence less
survival. Data also point to the importance of akearbendazim at 200 and 400
ppm in improving asepsis and survival of the exigaBhoot tips and shoot nodal
segments are tender structures and hence useybfaitbhol is not advocated.
Seyyedyousetfet al. (2013) also advocated fragments of stem contginode and
internode were washed thoroughly under runningwaper for 20 minutes and
disinfected
5.2 Experiment-Il : Standardisation of callus induction and organogerss

in Alstroemeria
5.2.1 Callusing

In the current study leaves, inflorescence budsshmmbt nodal segments
were employed to generate callus. However, leandsnadal segments failed to
generate any callus during the exploratory triald hence were not included as
explant in the final experiment. The main stumbliigck in callus generation
from leaves was due to chlorophyll loss during e¢teloratory trial and may be
attributed to its thin leaf architecture (Plate.6éhaleghi (2011) also reported
poor response of leaf explants of Alstroemerieenmts of callus development. In
contrast to our studies Seyyedyousstfial (2013) reported success in case of
nodal and internodal segment explants in termalid< development. Also nodal
explants were used for the production of a higlell@f compact callus (Kinet
al., 2001). Sixteen growth regulator combinatianglving 2, 4-D and NAA in
combination with cytokinin BAP and Gibberelic acilere used in the
standardisation experiments. All these 16 plaoimn regulator combinations
(Appendix-Ill) failed to elicit any response in e of callus induction in case of
leaf and shoot nodal segment explants and alscobtiiese 16 plant growth

regulator combinations 12 growth regulator borations (Appendix-Il) failed



6c) Callus induction in inflorescence buds (BAP NAA: 0.5 + 4.0 mg 1"

Plate-6 : Callusing



callusing in inflorescence buds. Besides the cafidsction, flower development
was recorded in inflorescence bud explants whicly rha due to already
differentiated flowers in the buds that sprouted once placed on favourable

culture media (Plate 6b).

Callusing in inflorescence bud explants was reabnsketerms of callus
induction (%), callus fresh weight expldnand callus type. Perusal of data
regarding callus induction (%) reveals that thehbij callusing was recorded in
media supplemented with higher auxin: low cytokiratio. (4.0: 0.5 NAA: BAP
ratio) (Plate 6c¢). Callusing involves a de-diffaration process where in pre-
determined cells from different tissues are indutedhultiply uncontrollably. A
high auxin / cytokinin ratio is known to induce shphenomenon under right
conditions in species belonging to diverse genedhfamilies and similar trend
was observed in the current study. Several workease reported callus
development inAlstroemeria from inflorescence bud explants or structures
originating in floral tissue like mature embryog.eCallus was obtained from
mature embryos oAlstroemeria cvButterfly on MS media supplemented with 4
mg * 2, 4-D combined with BAP 0-4 mg'l(Gonzalez 1990). With high
auxin:cytokinin ratio, callus induction from florakplants in other monocots like
Iris on MS medium + 2.0 mg*ITDZ and 3.0 mgt NAA has been reported
(Violeta et al, 2013). Hutchinson (1994) also recorded calluduation from
mature zygotic embryos of a tetraploid Alstroeméfiapelegrina A. psittacina).
Gonzalez 1995 recorded callus induction on 40,aBdl, 32 per cent of embryos
cultured on MS medium supplemented with 4 mg D 4%, 2 mg picloramtand

4 mg picloram frespectively.

Highest callus fresh weight explaftwas recorded on the same plant
growth regulator combination 4.5: 0.5 NAA: BAP mtAuxins (besides helping
in cell division) are known to increase cell voluitnea process called acid growth
where in cell wall loosens up through acidificatidtus allowing increase in

volume through uptake of more water. The increastidvolume means increase



in individual cell weight and hence increased weigh the callus. Gonzalez
(1995) reported increase in callus fresh weighM@media supplemented with 2

mg picloram T

5.3 Experiment=Ill : Standardization of media and growth regulator
combinations for culture establishment and prolifeation in
Alstroemeria

5.3.1 Culture establishment and proliferation

In the current study, culture establishmentAtgtroemeria cvPluto was
gauged in terms of per cent establishment, daysptouting and number of
sprouted buds in rhizome tips and rhizome sectiptaats. Thirty-four (34) plant
growth regulator combinations were tried and al@mitplant growth regulator
combinations proved successful in culture establesht while as the remaining 9
plant growth regulator combinations failed to evakey response (Table 4.2.1,
4.2.2 and Appendix-1). Rhizome tips and rhizomedisas were incubated on MS-
solid media, MS- solid media fortified with actieat charcoal and MS- liquid
media. MS- liquid media using filter paper bridgassterilized hospital gauze
fortified with BAP: IBA at 1.5: 0.2 mg1 proved best for culture establishment in
terms of per cent establishment, days to sprowdimd) number of sprouted buds
both in rhizome tips and rhizome sections (Tabléal4and 4.2.2). Culture
establishment in rhizome tips was relatively betdsr compared to rhizome
sections. This may be due to presence of an igtaeting tip that is a source of
auxin and hence a strong sink/growing area withebathances of continued
growth and sprouting. Effect of Plant growth regmtacombination on culture
establishment inAlstroemeria have been reported by several workers. Klerk
(2010) reported good establishment and subsequewtlgin liquid media where
explants are placed on Filter Paper Bridge. In shisly establishment of explants
on liquid media using sterile hospital gauze ganghést success in terms of per
cent establishment, sprouting and number of spdobtels. Lowest number of
days to sprouting of rhizome tips and rhizome sesti(9.18 and 9.98 days
respectively and highest number of sprouted bud¥(dnd 3.00 in rhizome tips



and rhizome sections respectively) was recordeligind media. In this study
IBA 0.2 mg I* was the most appropriate for increasing the nunobesprouted

buds in rhizome which may be due to reduced aploalinance.

In the current study dark coloured media fortifiaith 1000 mg T
activated charcoal was used to simulate photophcobmditions suitable for
Alstroemeriarhizome growth in soil. Use of activated chardd@l00 mg 1) gave
comparable results with that of the liquid medihe3e are in terms of culture
establishment and proliferation Afstroemeria No reports are available on use of
activated charcoal darkened media for culture &stabent and proliferation of
Alstroemeriarhizomes. Further research is needed to explareusiefulness of
activated charcoal in improving vitro propagation inAlstroemeriaparticularly
from rhizome tips and rhizome sections. In confayrto our findings Pierilet al.
(1988) reported that rhizome multiplication reqdir@ cytokinin in the medium
with BA being most effective.

Data on proliferation (Table 4.4.1) points to theefulness of activated
charcoal in media towards improving per cent peodifion, number of erect
shoots, number of new rhizome buds, rhizome fresight and multiplication
index. Data also reveals that increasing IBA cotregion from 0.2-0.4 mg
significantly improves number of erect shoots, nembf new rhizome buds,
rhizome fresh weight and multiplication index. leased proliferation activity
under higher IBA concentration may be due to redwumg@cal dominance. This is
in contrast to reports by Pierékt al (1988) who observed no significant effect of
auxin on multiplication. However Pumisutapenal. (2009) showed the role of
IBA in enforcing apical dominance in his studies decapitated shoots and
rhizome sections. However, Gabryszewska (1985)mewended use of BA for
tissue multiplication inAlstroemeria. Podwyszynskaet al (1997) recorded
highest number of shoots with BA 6 my |



5.4  Experiment — IV : Standardisation of rooting in Alstroemeria
5.4.1 Rooting

Influence of varying concentrations of IBA and NA&ith or without
Activated charcoal on rooting behaviour Aistroemeria cvPluto in the current
investigation was studied in terms of per centimmptdays to appearance of root,
number of roots and root length. Highest per ceoting, number of roots and
root length was recorded on sterile hospital gauzeMS- liquid medium
supplemented with NAA 1.5 mg'lIn the current study liquid MS media
supplemented with NAA 1.5 m@ Iresulted in best rooting response in terms of
per cent rooting (54.81), days to appearance of (90.87), number of roots
explant® (3.12) and root length (16.42 mm). Hakkart andsUgjs 1988 also
recorded root formation was better on filter papeaiges in a liquid medium than
on a solid medium. Pierikt al (1988) reported best rooting Afstroemeria cv
Toledo under the plant growth regulator combinatiohA 0.5 mg I* Pedrazaet
al. (2006) reported rooting of shoots was inducedvi# liquid medium, either
with or without plant hormones. Gabryszewska (198&ported rooting was
strongly influenced by NAA. Podwyszynska (1998)aepd application of BA at
low concentration with Paclobutrazole (0.1- 0.5 Ifgin the presence of 1.0 mg
I NAA resulted in higher rooting ability of rhizome$Growth retardants applied
with NAA strongly stimulated root formation but farpssed their elongation.
Kristiansen and Brandt (1999) recorded thick rogese only produced in the
presence of NAA and not affected by sucrose treattnm@abryszewska (1985)
recorded that 1.0 to 16.0 mgNAA was recommended for rooting. In contrast to
the current study were rooting with IBA was poosrtét al (1994), reported the
most effective (for per cent rooting, number ofteoand root length) was IBA at

3.0 mg I*in Alstroemeriacv’s Othello, lilac, glory, Cyprus and Yellow priec



Chapter — 6
SUMMARY AND CONCLUSION

Thefindingsin the present investigation regardimmg vitro propagation in

Alstroemeria cvPluto is summarised in the following sections:

6.1 Experiment—| : Standardisation of disinfection protocol for varous
explants in Alstroemeria cv. Pluto

6.1.1.1 Surface sterilization, culture asepsis arglrvival

®»  Surface sterilization with Carbendazim 200 ppm 3& minutes
followed by mercuric chloride (0.1 %) dip for 10 nmies and ethyl
alcohol 70% for 1 minute gave highest per cent otamoinated
cultures 79.20, 68.08 per cent and 63.46, 61.63@et in case of
rhizome tips and rhizome sections at 2 weeks andeks of culture
respectively, which is statistically at par with ldinute and 30
second dip in mercuric chloride 0.1 % and ethybhét 70 %.

®»  Surface sterilization with Carbendazim 200 ppm 1& minutes
followed by mercuric chloride (0.1%) dip for 3 mies gave highest
per cent uncontaminated cultures 63.25, 60.15 et and 71.95,
63.40 per cent in case of shoot tips and shootlremtaments at 2
weeks and 4 weeks of culture respectively, whichtagistically at
par with 5 minute dip in mercuric chloride 0.1%.

®»  Among the four explants that were tried, rhizonpss fproved to be
better for startingn vitro propagation. 68.08 per cent rhizome tips
survived under Carbendazim 200 ppm for 30 minutdisviied by
mercuric chloride (0.1 %) dip for 10 minutes anklyktlcohol 70 %

for 1 minute.



6.2 Experiment—Il : Standardization of media and gowth regulator
combination for culture establishment inAlstroemeria cv. Pluto

6.2.1 Culture establishment per cent irAlstroemeria cv. Pluto

»

»

Rhizome tips proved better explants for culturealggghment as
compared to other explants tried.

MS- liquid media proved best for culture establigimin terms of
per cent establishment, days to sprouting and numbsprouted
buds.

MS-liquid media supplemented with BAP + IBA: 1.5042 mg I*
had maximum per cent establishment (89.42 and »&lb8g with
lowest days to sprouting (9.18 and 9.98) and highesnber of
sprouted buds (4.05 and 3.00) in case of rhizopgednd rhizome
sections respectively.

MS-solid media supplemented with BAP + IBA + Actied
charcoal: 1.0 + 0.2 +1000 mg*lhad maximum per cent
establishment (78.25 and 40.24 %) in case of rh&zdips and

rhizome sections respectively.

6.3 Experiment-lll: Standardisation of shoot proliferation in Alstroemeria

cv. Pluto

6.3.1 Rhizome proliferation

»
»

Rhizome tips proved better explants for proliferati

MS-solid media fortified with activated charcoaloped best for
rhizome proliferation.

MS-solid media supplemented with BAP + IBA + &A activated
charcoal : 2.0 + 0.4 + 0.5 + 1000 mg fevealed highest
proliferation in terms of per cent proliferation8(85), number of
erect shoots (5.75), number of new rhizome buds5§3.rhizome
fresh weight/shoot complex (6.05g) and multiplicatindex/cycle
(x2.76)



6.4

6.4.1

6.5

Experiment—IV: Standardisation of <callus induction and

organogenesis irAlstroemeria cv. Pluto

Callusing

» Callus induction was possible only in case ofardscence bud
explants.

®» Inflorescence bud explants in MS-medium fortifieahwBAP +
NAA: 0.5 + 4.0 mg T revealed highest per cent callus induction
(79.37).

®»  Highest mean callus fresh weight (2.98 mg) undeANABAP: 4 +
0.5 mg I* was significantly superior to all other NAA basgewth
regulator combinations.

®»  Friable white green callus was obtained in callugesving in
media supplemented with NAA.

®»  Attempts at regeneration of callus under variouanplgrowth

regulator combinations were unsuccessful

Experiment-V: Standardisation of rooting in Alstroemeria

6.5.1 Rooting in rhizome explants irAlstroemeria cv. Pluto

®»  Auxins (NAA) produced maximum results with respexiper cent
rooting, number of roots and root length.
®»  MS-liquid media proved better in terms of rooting.
®»  Explants incubated in MS-liquid media supplement&tt NAA 1.5
mg I"* resulted in significantly higher per cent rooti{sg4.81).
CONCLUSION

Rhizome tips taken during the vegetative growthsaiitable explant

for starting the culture iAlstroemeria cvPluto.

Maximum uncontaminated growing cultures were obtained with

Carbendazim 200 ppm for 30 minutes followed by mecc



Vi.

chloride (0.1%) treatment for 10 minutes and fir@atment with
ethyl alcohol (70%) dip for 1 minute.

Maximum culture establishment was obtained in M&uitl media
fortified with plant growth regulator combinatiorAB + IBA: 1.5 +
0.2mg .

Proliferation of rhizome tip explants in media fed with

activated charcoal was significantly higher as magjaithe other
treatments. [BAP + IBA + GA3 + Activated charcodl0 + 0.4 +
0.5 + 1000 mg1].

Highest callus induction per cent was obtained wvpldint growth
regulator combination BAP + NAA: 0.5 + 4.5 my |

Best rooting was recorded in MS- liquid media foetd with NAA
1.5 mg 1.



Inoculation

Establishment

Proliferation

Plate-7 : Flow chart representingn vitro propagation protocol in Alstroemeria cv. Pluto
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Appendix — |

Growth regulator combinations with no response on wlture establishment in
Alstroemeria cv. Pluto

MS + PGRs mg I*

Treatment  BAP IBA NAA Kinetin ~ Activated
charcoal
T1 0.2 0.02 - - -
T2 1.5 0.2 - - -
T3 25 0.4 - - -
Ty 2.5 0.5 - - -
Ts 3 0.5 - - ,
Ts 0.5 - - - 3
T7 1 - - _ a
Ts 1.5 - - - -
To - 0.2 - 1 ,
T1o - - 0.2 0.5 -
Tu - - 0.2 1.5 -

Ti2 1.5 - 0.4 - 1000




Appendix — I

Growth regulator combinations with no response on allusing in
inflorescence bud explant oAlstroemeria cv. Pluto

MS + PGRs mg T

Treatment = -rooororrreromeoereme oo
BAP 2,4-D NAA GAz
T 0.2 2 - -
T2 0.3 2.5 - -
T3 0.4 3 - -
Ty 0.5 3.5 - -
Ts 0.5 4 - -
Te 0.8 6 - -
T 1 6.5 - -
Ts 0.3 - 2.5 -
To 0.5 - 5 -
T10 - 15 15 -
T - - 4 -

T12 0.5 - 0.4 0.5




Appendix — Il

Plant growth regulators tried for callusing in leaves and shoot nodal
segments ofAlstroemeria Cv. Pluto showing no response

MS + PGRs mg 1*

Treatment -
BAP 2,4-D NAA GA;
T 0.2 2 - -
T2 0.3 2.5 - -
T3 0.4 3 - -
Ty 0.5 3.5 - -
Ts 0.5 4 - -
Ts 0.8 6 - -
T7 1 6.5 - -
Ts 0.2 - 2 -
Tg 0.3 - 2.5 -
T1o 0.4 - 3.5 -
T 0.5 - 4 .
T2 0.5 - 45 -
Tis 0.5 - 5 -
T1s - 1.5 15 -
Tis - - 4 -

T16 0.5 - 0.4 0.5




Appendix — IV

Plant growth regulator combinations tried for regereration in inflorescence
bud callus of Alstroemeria cv. Pluto showing no response

MS + PGRs mg t*

Treatment  ---mrrmmmm

BAP 2,4-D NAA

T1 1.0 0.5 -

T2 2.0 0.5 -

T3 3.0 0.5 -

T4 5.0 0.5 -

Ts 1.0 - 0.5

Te 2.0 - 0.5

T7 3.0 - 0.5

Tsg 5.0 - 0.5




Appendix — V

Growth regulator combinations tried with no respong in terms of
proliferation

MS + PGRs mg 1*

Treatment

IBA GAs;  Kinetn TDZ NAA Acﬁi‘;?;ea‘?
T 02 05 1.0 i i i
T, 0.2 i 15 i i 1000
Ts 0.2 i 25 i i i
T i 0.5 15 i 0.2 1000
Ts i i 25 i 0.2 i
Te i i 3.0 i 0.2 i
T 0.2 i i 0.02 i i
Te 02 05 i 0.05 i 1000
T, i i i 002 02 :

T10 - 0.5 - 0.05 0.2 1000




Appendix — VI

Treatments with no response on rooting in rhizome»glants in Alstroemeria
cv. Pluto

MS + PGRs mg 1

Treatment —  ------mmmmmmmmm
IBA NAA Activated charcoal
T, 0.5 - 1000
T2 - 0.5 3

T3 (Liquid) 1 - 1000




ANOVA

Exp. 1: Influence of sterilant treatments on cultue asepsis (%) of rhizome tip
explant (at 2 weeks of culture) oAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF M5 F C.D
Tr eat ment 7 2387.0 20.71 15.66
Error 24 115.2

Tot al 31

Influence of sterilant treatments on culture asepsi (%) of rhizome tip explant (at 4
weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF M5 F C.D
Tr eat nent 7 1853. 3 24. 77 12.62
Error 24 74. 8

Tot al 31

Influence of sterilant treatments on culture asepsi (%) of rhizome section explants
(at 2 weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF (Y5 F C.D
Tr eat ment 7 1665. 7 12.27 17.00
Error 24 135. 8

Tot al 31

Influence of sterilant treatments on culture asepsi (%) of rhizome section explant
(at 4 weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF M5 F C.D
Tr eat ment 7 1612.5 15.54 14. 86
Error 24 103. 8

Tot al 31

Influence of sterilant treatments on culture asepsi (%) of shoot tip explants (at 2
weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF 175 F C.D
Tr eat nent 5 119. 52 4.32 7.81
Error 18 27. 65

Tot al 23



Influence of sterilant treatments on culture asepsi (%) of shoot tip explants (at 4
weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF VS F C.D
Tr eat ment 5 104. 04 3.86 7.71
Error 18 26. 95

Tot al 23

Influence of sterilant treatments on culture asepsi (%) of shoot nodal segmentgat
2 weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF MS F C.D
Tr eat ment 5 194. 42 3.35 11. 32
Error 18 58. 09

Tot al 23

Influence of sterilant treatments on culture asepsi (%) of shoot nodal segmentqat
4 weeks of culture) ofAlstroemeria cv. Pluto

Anal ysis of Variance for transformation

Sour ce DF M5 F C.D
Tr eat nent 5 242. 81 7.50 8.45
Error 18 32.39

Tot al 23

Influence of sterilant treatments on survival (%) d rhizome tip explants of
Alstroemeria cv. Pluto

Anal ysis of Variance for Transformation

Sour ce DF M5 F C.D
Tr eat nent 7 1562.5 16.24 14.31
Error 24 96. 2

Tot al 31

Influence of sterilant treatments on survival (%) d rhizome section explants
of Alstroemeria cv. Pluto

Anal ysis of Variance for Transformation

Sour ce DF M5 F C.D
Tr eat nent 7 1765. 4 16. 98 14. 87
Error 24 103.9

Tot al 31



Influence of sterilant treatments on survival (%) d shoot tip explants of
Alstroemeria cv. Pluto

Anal ysis of Variance for Transfornmation

Sour ce DF MS F C.D
Tr eat nent 5 298. 85 11. 22 7.66
Error 18 26. 64

Tot al 23

Influence of sterilant treatments on survival (%) d shoot nodal segment

explants of Alstroemeria cv. Pluto
Anal ysis of Variance for Transformation

Sour ce DF M5 F C.D

Treatment 5 140. 38 4.63 8.17

Error 18 30. 30

Tot al 23

Exp. Il: Influence of growth regulator combinations on culture

establishment of rhizome tips in Alstroemeria cv. Pluto

Percent establishment

Anal ysis of Variance for Transformation

Sour ce DF M5 F C.D
Tr eat nent 24 1311.5 63. 85 6. 37
Error 75 20.5

Tot al 99

Influence of growth regulator combination on daysto sprouting and
number of sprouted buds inAlstroemeria cv. Pluto
Days to rhizome sprouting in rhizome tips

Anal ysis of Variance for days to sprouting in rhizonme tips

Sour ce DF M5 F C.D
Tr eat nent 21 25.429 125. 30 0.63
Error 66 0. 203

Tot al 87

Sprouted buds in rhizome tips
Anal ysis of Variance for sprouted buds in rhizone tips

Sour ce DF M5 F C.D
Tr eat nent 21 1.5675 9.81 0.54
Error 66 0. 1598

Tot al 87

Influence of growth regulator combinations on cultue establishment of
rhizome sections inAlstroemeria
Percent establishment

XiX



Anal ysis of Variance for Transformation

Sour ce DF M5 F C.D
Tr eat nent 24 251. 47 12. 83 6. 23
Error 75 19. 68

Tot al 99

Influence of growth regulator combination on  dag to sprouting and
number of sprouted buds in rhizome sections ilstroemeria cv. Pluto

Anal ysis of Variance for days to rhizone sprouting

Sour ce DF MS F C.D

Tr eat nent 21 22. 395 10.82 2.03

Error 66 2.070

Tot al 87

Anal ysis of Variance for nunber of sprouted buds

Sour ce DF MS F C.D

Tr eat nent 21 1.5675 9.81 0.56

Error 66 0. 1598

Tot al 87

Exp 3: Influence of growth regulator combination on callusing in

inflorescence bud explant oAlstroemeria cv. Pluto

Callus induction percent

Anal ysis of Variance for transformation

Sour ce DF VS F C.D
Tr eat ment 3 2610. 6 17. 04 19. 06
Error 12 153. 2

Tot al 15

Callus fresh wt.
Anal ysis of Variance for callus fresh weight (ng).

Sour ce DF (%) F C.D

Tr eat nent 3 3.7714 34.50 0.50

Error 12 0. 1093

Tot al 15

Exp 4: Influence of growth regulator combinations @ proliferation in
rhizome tip explants o acv. Pluto

Percent proliferation

Anal ysis of Variance for Transformation



Sour ce DF MS F C.D
Tr eat nent 6 2127.9 15.49 17.23
Error 21 137.3

Tot al 27

Number of erect shoots

Anal ysis of Variance for nunber of erect shoots

Sour ce DF MS F C.D
Tr eat nent 6 8. 405 7.51 1.55
Error 21 1.119

Tot al 27

Number of new rhizome buds

Anal ysis of Variance for new rhizone buds

Sour ce DF M5 F C.D
Tr eat nent 6 5. 3006 6.70 1.30
Error 21 0. 7917

Tot al 27

Rhizome fresh weight / shoot complex

Anal ysis of Variance for fresh wei ght/shoot conpl ex

Sour ce DF MS F C.D
Tr eat nent 6 3.2040 48. 25 0. 37
Error 21 0. 0664

Tot al 27

Multiplication index

Anal ysis of Variance for multiplication index

Sour ce DF M5 F C.D
Tr eat nent 6 2.9514 33.38 0.43
Error 21 0. 0884

Tot al 27

Exp. 5: Influence of growth regulator combinationson rooting in rhizome
explant in Alstroemeria ~+ P!~

Percent rooting
Anal ysis of Variance for Trar

Sour ce DF MS F C.D
Tr eat nent 9 341. 97 6.48 10. 49
Error 30 52.78

Tot al 39

Days to appearance of root

XXi



Anal ysis of Variance for

days to appearance of root

Sour ce DF M5 F C.D
Tr eat nent 9 6.52 0.22 NS
Error 30 29. 96

Tot al 39

Number of roots

Anal ysis of Variance for no. of roots
Sour ce DF M5 F C.D
Tr eat nent 9 1. 7466 2.04 1.33
Error 30 0. 8545

Tot al 39

Root length

Anal ysi s of Variance for

root length

Sour ce DF MS F C.D
Tr eat nent 9 8. 332 1.03 NS
Error 30 8. 065

Tot al 39
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