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INTRODUCTION

Medicinal plants have been considered as important therapeutic ad for
alleviating ailments of humankind Search for eternal health and longevity as well as
remedy to relieve pan and discomfort prompted the early man to explore his
immediate natural surrounding In spite of tremendous developments 1n the field of
allopathy medicinal plants and their derrvatives still remain one of the major sources
of drugs 1n modern and traditional systems throughout the world playing a major role
mn medicinal therapy Demand for medicinal plants 1s increasing due to growing
recognitton of natural products whuch are non toxic and having no side effects
Furthermore an increasing reliance on medicinal plants m the industrialized societies
has been observed Plu nbago 1s one of such plants which 1s valued for 1ts roots that

possess medicinal qualities

Plumbago species commonly known as hoduvelt m Malayalam belongs to
Plumbaginaceae which 1s the only family of the order Plumbaginales The genus
Plumbago ncludes 20 species and three species namely Plumbago rosea L
Plumbago zeylanica L and Plumbago capensis T are reported from India The red
flowered type Plumbago rosea a perenmal shrub mndigenous to Sikkim and Khasi

hulls 1s the accepted source of drug mn Kerala

Its cultivation 1s always associated with anthropogenic localit es 1 both north
and south India indicating 1ts use as tribal medicine The white flowered type
Plumbago zeylanica 1s considered to be more widespread and common than P rosea
and 1s indigenous to South East Asia Plumbago capensts producing pale blue flowers

15 indigenous to South Africa and grown m gardens in India as an ornamental plant

The roots form the officinal part of the plant which enters into the composition
of various ayurvedic preparations The active princtple in Plumbago 1s plumbagm a
naturally occurring naphthoquinone (2 methyl 5 hydroxy 1 4 naphthoquinone) It 1s
extenstvely used i the treatment of chronic skin diseases like leucoderma It 1s known
to have antifungal antimicrobial anticancerous as well as msecticidal properties It 1s
also reported to cause chromosomal aberrations Among the three species of
Plumbago Plumbago rosea 1s found to have higher content of plumbagm and 1s

commonly cultrvated throughout Kerala There ts no seed set in Plumbago rosea



However 1 Plumbago zeylanica there 1s seed set But the seeds fail to germunate
without seed treatments Iihe scarification and cutting of micropylar or chalazal end of
seed The multiplication of both these species 1s done through vegetative means and
so the varability mn them 1s found to be low Considering the limited natural
variability available and perennial nature of Plumbago species creation of variability
for enhanced root yield as well as increased therapeutic content 15 essential Genetic
tmprovement through conventional breeding method 1s difficult in Plumbago species

especially i Plumbago 1 osea due to lack of sexual reproduction In such a situation
mutation and polyploidy breeding are found to be most viable to induce vanability in

this species for economic traits

M tation breeding includes both 12 vivo as well as i vitro mutagenesis In vivo
mutagenesis 1s beset with the problem of clumer sm In vegetatively propagated
crops 1t 1s more difficult to control chimerism and also often the size of the propagule
1s too big to treat larger population with mutagen Thanks to the technology of
regenerating an indrvidual plant from a single cell 1t 1s now possible to mduce stable
and true mutants without chimera Significant progress has been achieved 1n the last
two decades 1n plant cell and tissue culture Cell and tissue culture techniques are
important  biotechnolog cal tools now widely utilized to generate variation for plant
mprovement [n witio culture induced var ation also known somaclonal varration
constitutes an important source of variability for improvement of vegetatively

propagated crops

The combination of i1 vitr o culture methods with induced mutations can speed
up breeding programmes from the geneiation of variability through selection to
multiplication of new genotypes (Maluszynskt er al 1995) Exploitation of
somaclonal variation as a method to create genetic varability 1s un que When
compared to » vivo mutagenesis the frequency of recovering useful variants is
surprisingly high i case of somaclonal variation Somaclonal variation has been
exploited 1n many crops especially 1n aromatic grasses for 1solation of desirable plant
types showing improvement m yield Most of the mutation breeding work mn
medicinal plants has been centered on in vivo mutagenesis Even though several
protocols for n vitro regeneration of both Plumbago rosea and Plumbago zeylanica

have been reported no systematic breeding programmes have been undertaken n



these species Since the protocols for i vitro regeneration are available in vifro

mutagenesis can be attempted 1n Plumbago species

Polyploidy breeding 1s another important method used for inducing variability
No reports are available on the use of induced polyploidy n Plumbago species
Hence besides attempting induction of variability through i wirro techmiques
polyploidization usmg colchicine can be undertaken Induction of variability mn the
Plumbago species and the subsequent exploitation of this induced vamability for
screening genotypes with high plumbagin content will be of great value to the farmers

as well as pharmaceutical mdustry

In light of the above mentioned facts the present study was undertaken with the
following objectives
1 To explore and collect Plumbago species available in different districts of

Kerala

2 To evaluate collected accessions of Plumbago species for genetic variability 1n
morphological and biometrical traits cludmg therapeutically active

mgredients

3 To induce variability through 1z vifro mutagenesis and polyploidization n

selected accessions

4 To screen the variants obtamned from in vitr o mutagenesis for high plumbagin

content and other agronomuc traits
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2 REVIEW OF LITERATURE

21 ORIGIN CLASSIFICATION AND GEOGRAPHICAL DISTRIBUTION
OF PLUMBAGO SPECIES

Plumbago species belong to Plumbaginaceae the only family of order
Plumbaginales Members of this family are mainly herbs and shrubs (Trease and
Evans 1985) It comes under the senes Heteromerae (Bentham and Hooker 1884)
Hutchinson (1973) and Engler (1973) reported that Plumbago comes under the order
Plumbagrmales It contains 19 genera and 775 species There are seven related genera
viz Plumbago Plumbagella Ceratostigma Armerta Lmonmum Gomiolimon and
Acantholimon reported 1n the family Plumbaginaceae (Darlington and Wylie 1961)
The genus Plumbago cludes 20 species of herbs under shrubs or shrubs distributed
in tropics Three spectes Plumbago 1osea L Plumbago zeylanica L Plumbago
capensis T have been recorded from India based on flower colour and the first two
species are considered medicinally mmportant The systematic position of genus

Plumbago 1s as follows

Class Dicotyledons

Sub class Gamopetalae

Sertes Heteromerae

Order Plumbagmales

Famuly Plumbaginaceae

Genera Plumbago

Species Rosea Zeylanica and Capensts

The red flowered Plumbago rosea 1s a shrubby perenmal found growing
throughout India often as cultivated plant or as a garden escape It 1s reported to be
wild or indigenous to Sikkim and Khas: hills It has been reported only as cultivated
or as an escape from cultivation and never been recorded as wild 1n any areas far from
Sikkim or Khas: hills (CSIR 1969) It 1s highly suited to Kerala conditions and 1s the
accepted source of drug mn Kerala (Sivarajan and Balachandran 1994) The white

flowered type Plumbago zeylanica found as wild 1n penmsular India and West Bengal



1s cultivated 1 gardens throughout India This species 1s more widespread and

common than P rosea and 1s posstbly indigenous to South East Asia

The species Plumbago capaensis having pale blue flowers 1s a native of South
Africa This species 15 grown 1n gardens of India as an omamental plant (CSIR
1969)

22 BOTANY
22 1 Morphologieal characters

Plumbago rosea 1s shrubby perennial with leaves broadly ovate or elliptic dark
green above pale below flower red in terminal and axillary racemes Plumbago
capae 1515 native of South Africa 1s a shrub with oblong or oblong spatulate leaves
and pale blue flowers Pluribago zeylamica 1s a perenmal sub scandent shrub with
ovate leaves glabrous flowers wlnte 1n elongated spikes capsules oblong pomted
contamed 1n viscid glandular persistent calyx It contains 2n-24 chromosomes

contrast to 2n 12 1 P rosea and other species (CSIR 1969)

Dutta (1970) reported presence of glandular hairs secreting a sticky substance

on the leaves branches and fruits of Plumbago zeylanica

The morphological anatomical and reproductive characters of the three species
of Plumbago viz P 1osea P zeylamca and P capensis were evaluated and a key for
identification of the three species was proposed by Subha (2000) P 7osea could be
eastly disttnguished by the presence of smooth stem dark green leaves with reddish
tinge on the petiole and midnb and red flowers P zeylanica was characterised by the
presence of ndged stem with reddish striations along the ridges starting from the node
and white flowers P capensis was found to be quite different from the other two
species due to the presence of spatulate leaves angular stem and compact

inflorescence with brilliant blue flowers

22 2 Reproductive biology

222 1 Flowermg period
Krizek and Semeniuk (1972) studied the effect of day and n ght temperature on



flowering of Limomum an ornamental plant in the famuly plumbaginaceae They

reported that a low temperature of 16 15°C was required for flower mitiation

Long days and cool mght temperatures increased the percentage of flowering 1n
Limonium cultivars (Semeniuk and Krizek 1972) Application of gibberellic acid 500
ppm accelerated flowering of Limormum (Wilfret and Raulston 1975) Escher er al
(1988) reported that Plumbago mndica requires a day length of mine hours for

flowering

Flowermg 1n P 10sea was observed to be seasonal between October and February

while 1t was continuous 1n P zeylanica (Menon 1999)

2222 Inflorescence

Inflorescence was observed only 1n terminal position as a s ngle spike in P
rosea In P 1osea inflorescences were single or branched spikes either terminal or
axilary Inflorescences were longer in P rosea and took longer periods for
completion of flowering 1n a spike as well as produced more number of flowers per
inflorescence (Menon 1999)

2 2 2 3 Floral brology

Iyer and Komalammal (1960) described the floral biology of Plumbago
zeylamea and P rosea They found that in P zeylamca bracts are considerably larger

than bracteoles whereas they are nearly equal 1n size in P rosea

Baker (1966) reported the presence of papillate and nonpapillte type of stigmas

1n several species of Plumbagmaceae

Bahadur (1978) noticed distyly as common feature of several members of

family plumbagmaceae

Huang et al (1990) studied the orgamzation of embryosac and egg of Plumbago
zeylamica They reported that egg of P zeylanica has combined synergids and gamete
functions



Huang and Russell (1993) reported that embryosac of P zeylanica consists of 2
to 5 cells mcluding an egg cell a central cell and 0 to 1 antipodal cell depending on

the degeneration of lateral and chalazal nucle1 during megagametogenesis

Sodmergen er al (1995) studied male gametophyte development 1n Plumbago
zeylanica and explamed cell localization and cell determination 1n early generative

cell of Plumbago zeylanica

Sodmergen er al (1995) studied male gametophyte development in Plumbago
zeylamica and explamed cell localization and cell determination 1n early generative

cell of Plumbago zeylanica

Ca Yajuan ef al (1997) 1solated viable egg of Plumbago zeylamca and found
that eggs retain viability for 24 hours

Southward et al (1997) noticed the existence dimorph c sperms 1n Plumbago
zeylanmica  The plast d rich sperms fused with egg and sperm with fewer plastids

fused with the central cell

Subha (2000) compared floral characters of the three species of Plumbago and
described P rosea as having beautiful scatlet red flowers with reddish green bracts
and bracteoles fimbricate style and stamens with pink filaments red anthers and
creamy white pollen graimns P zeylanica was having attractive white flowers with
cordate bracteoles green calyx tube terete style white filaments carrying purple
anthers and white pollen gramns P capensis produced brilliant blue flowers subtended
by lanceolate bracts and bracteoles blue anthers blue filaments and creamy yellow

pollen grains

2224 Anthesis anther dehiscence and stigma receptivity

Subha (2000) observed a peak period of anthesis between 6 am and 8 am 1n
P rosea whereas 1 the case of P zeylanica 1t was between 4 am and 6 am with
flower opening extending over a long period of time She also indicated the presence
of protogyny 1n the species P rosea where anther dehiscence was found to occur after

flower opeming and stigma became receptive before deliscence of anthers In P



2225 Pollen morphology fertility and viability

Menon (1999) compared pollen fertility mm P zeplamica and P rosea w.mg
acetocarmine staimng technique and found that P zeylamca produced more fertile
(89 9%) pollen grains compared to that of P rosea (28 13%) This was contrary to the
observation made by Subha (2000) who reported very hugh pollen fertility in the three

species of Plumbago using the same staimng techmque

Menon (1999) reported failure of germination of pollen grams of the two
species P rosea as well as P zeylanica under 1 vitro conditions However pollen
gramms of P zeylamica recorded germination under  vivo conditions on art {'cial

pollination of the stigma of both the species

2 2 2 6 Polhination and fruit sct

Trankel and Galun (1977) reported that there exists heteromorphic
incompatibility m Plumbago Ceiotostigma and Limomumn species of the famuly
Plumbagmaceae Dulberger (1975) pomted out that structural stigma dimorplusm may
be nvolved 1n incompatibility In P ewropea and P capensis papillae of the long
styled and short styled morphs differ 1n the way cuticle 1s attached to the cellulose
layer The mtermorph pollination 1s incompatible and mhibition of pollen growth

occurs at the stigmatic surface

No fruit set has been reported 1n P rosea (CSIR 1969) However Iyer and
Komalammal (1960) and Sivarajan and Balachandran (1994) described the fruits of
Plumbago species The fruits are enclosed mn persistent calyx m one seeded

membranous capsule

Menon (1999) reported frut set in P zeylamica alone Thus species recorded 70
to 80 per cent fruit set on self pollination 85 to 90 per cent fruit set on open

pollination and 30 to 40 per cent on natural cross pollination

Arya (1999) reported abundant adheston pollen grains on papillate stigma 1n
Plumbago zeylanica unlike Plumbago rosea as one reason for satisfactory seed set in

this species



2 3 ACTIVE PRINCIPLES AND THEIR PROPLCRTILS

The roots form the offictnal part of the Plumbago species The active principle
in Plumbago 15 plumbagin a naturally occurring naphthoqumnone (2 methyl 5
hydroxy 1 4 naphthoquinone) (CSIR 1969) It 1s obtamned as golden yellow needle
shaped crystals (Chopra ef al 1958) krishnaswamy and Purushothaman (1980)
1solated plumbagin from the roots of Plumbago zeylamica and reported that 1t 15 a
potential anticancer drug and 1s used mn reducing the tumour growth in fibrosarcoma
and also agamst lymphocytic leukaemia Plumbagin causes effective cell growth
mhibition induces apoptosts and generates single strand breaks in cancer cells
Srimivas er al (2004) reported that plumbagin induced cell death 1n human cervical
cancer cell line ealibiting biochemucal characteristics of apoptosis Further
mvestigations by Nazeem ef o/ (2009) conf rmed that plumbagin induces apoptosis in
huma1 cancer cells through the redox mechamism mvolving copper by producing

reactive oxygen species (ROS)

The antiviral activity of Liv 52 a powdered mmture of 18 plants including
Plumbago zeylanica as a component was studied by Singh et al (1983) The
antifertility activity of plumbagin 1solated from the roots of Plumbago zeylarca was
reported by Bhargava (1984) Gujar (1990) reported the use of plumbagmn n the
treatment of liver disorders The ethanolic root extract of Plumbago rosea showed an
increase 1n life span of mice bearing ascites sarcoma 180 tumor (Solomon et al
1993) Devi ef al (1994) suggested that the ethanolic root extract of Plumbago rosea
as a good candidate for use with rad ation to enhance tumour killing effect
Plumbagin obtained from various species of the genus Plumbago possesses potent
anti fertiity activity (Dhar and Rao 1995) The antt inflammatory properties of root
extracts of genus Plumbago were reported by Rimbau ef al (1996)

Plumbagin 1s also reported to exiubit various insecticidal antibacterial and
antifungal activities Guyar and Mehrotra (1988) reported that plumbagin possessed
high contact toxicity to Dysdercus koemgii  Joshi et al (1988) reported retarded
growth delayed metamorphosis deformation and mhibition of moulting on topical
treatment of red cotton bug with plumbagin Plumbagin 1solated from the roots of
Plumbago mndica was found to have high larvicidal action against mosquito larvae

(Chockalingam et al  1990) The mortality and survival of the parasitic nematode
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Haemonchus controtus and the embryonation of Ascaris sum were mhibited when
plumbagm extracted from the plants of Plumbago spp was apphed (Fetterer and
Fleming 1991) Villavicencio and Perez escandon (1992) reported the antifeedant
effect of the extracts of Plumbago spp on three species of orthopteran acrid ds  Gujar
et al (1994) studied the bioactivity of the extracts of plants n the genus Plumbago
and reported that the mhibition of growth by plumbagin in nymphs of Dysdercus
koemgu was dose dependent and in adults the mating behaviour and reproduction
were affected Plumbagin sigmificantly affected both chitin and cuticular protein
when applied topically to the larvae of noctuid Helicoverpa a migera (Knishnayya
and Rao 1995) Saxena ef al (1996) reported that topical application of plumbagin
dissolved 1n acetone kulled the adults of Musca domestica a dipteran insect 1n high

concentrat on and also induced sterility in medium concentrations

Krishnaswamy and Purushothaman (1980) reported that plumbagm extracted
from the two species of Plumbago viz rosea and zeylanica showed antibacterial
activity It inhibits the growth of both gram positive and gram negative bacteria at 20

mg/ml

The antifungal activity of plumbagin agamst Rhizopus migricans Pencillum
notatun P canadense Epider mophyton floccosum and Microsporum nanum at 10

mg/ml was reported by Krishnaswamy and Purushothaman (1980)

The roots are reported to contain other related compounds apart from plumbagm
such as sitosterol st gmasterol campeserol and flavanoids Menon (1999) reported the
presence of additional compounds in the thin layer chromatogram of cured roots of P

rosea The compounds belonged to steroid group and flavanoid group

2 3 1 Therapceutic uses

Plumbagin 1s highly caustic and causes blisters on skin Hence the roots of P
rosea are used only after curing and drymng for ayurvedic preparations In ayurvedic
preparations P rosea 1s recommended as an excellent remedy as digestive
(Deepanam) and stomachic (Pachanam) Plumbagin 1s pungent astringent diuretic
germicidal vesicant and abortifacient It overcomes flattulence oedema piles

coughs worms and haemorrhidal anal inflammation It 1s effective 1n the treatment of
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common warts (Pillai et al 1981) and liver disorder (Gwar 1990) The drug also
cures enlargement of abdomen anaemia diabetes leucoderma leprosy diaarrhoea

dyspepesis and elephantiasis (Sivarajan and Balachandran 1994)

Albert a lot of research has been done on botany chemical constituents and therr
properties studies on crop mmprovement m Plumbago species are meager At Kerala
Agricultural Umiversity studies on cultivat on of Plumbago rosea were mitiated 1n
1990 Subha (1990) compared the effect of different levels of spacing and planting
materials on yield and quality of Plumbago rosea The results indicated that
plumbagm content of root 1n thus species varied from 0 16% 0 17% Dafferent spacing
levels did not mfluence the plumbagm content The possibility of successfully
cultivating Pl nbago as an ntercrop 1n young coconut plantation adopting different
methods of planting such as ridge and furrow flat bed mound and pit followed
mound was observed by Menon (1995) No significant difference was observed m
root yield under open and shaded condition But higher shoot weight was observed
under shaded condition Even though crude plumbagin was higher under shade

condition there was no marhed difference 1n the purified plumbagin content

The available literature on Plumbago species 1s limited Hence the literature
citations for the present work were broadened to cover vegetatively propagated crops
belonging to a wide range of economic use such as tubers medicinal aromatic and
ornamental The literature available 1s reviewed under the following heads

1 Evaluation of genetic vauability in Plumbago species for morphological and
biometrical trats
2 Induction of variability through i vitro mutgenesis in Plumbago species

3 Induction of polyploidy 1n Plumbago species

24 EVALUATION OF GENETIC VARIABILITY IN PLUMBAGO SPECIES
FOR MORPHOLOGICAL AND BIOMETRICAL TRAITS

2 4 1 Genetic vanabihity
2 41 1 Morphological and biemetric traits

Arya (1999) assessed variability in eight ecotypes of P rosea and one ecotype
of P zeylamica and reported highest values of internode length plant height number

of suckers and fresh weight of shoot m P zeylanica
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Menon (1999) analysed the growth and quality in P rosea and P zeylanica The
analysis of growth characters revealed that P zeylamica had significantly higher plant
height and total leaf area However P rosea recorded ugher internodal length Fresh
and dry weights of shoot were significantly higher in P zeylanica In contrast fresh

root and dry root yield root shoot ratio and harvest index were hugher in P rosea

2 412 Plumbagm content

Plumbagin 1s present to a maxmum of about 0 91 per cent 1n the roots of all the
species of Plumbago seen 1n India (CSIR 1969) The proportion of plumbagin varies
with the locality growth age soil conditions and season of the year In general it
was found that older the plant and drier the sorl the greater 1s the quant ty of act ve
principle found in the roots It has also been reported that the fresh roots yield a nm ch

greater proportion of pl umbagin than roots which have been stored for longer periods

Menon (1999) recorded a higher content of the active principle plumbagin 1n
P 1osea ranging from 0 69 to 1 4 per cent (on dry weight basis) than in P zeplamica
with a plumbagin content ranging from 0 19 to 0 33 per cent (on dry weight basis) In
P 1osea plumbagin level varied significantly at different stages of growth and the

maximum value of 1 4 per cent was noticed at 16 MAP

Arya (1999) reported significantly low content of plumbagm in P zeylamca

when compared to eight ecotypes of P rosea

2413 GCV PCV Hentabihity and Genetic gain

Heritabithty 1n the broad sense refers to the relative proportion of genotypic
variance to phenotypic variance Coefficient of variation (CV) 1s used to compare the
relat ve variation among different metric traits which are measured n different units
Lush (1937) and Johnson er al (1955a) developed accurate procedures for the
calculation of genetic advance under specified intensities of selection which 1n metric
traits largely depends on the heritabihty phenotypic varability of the trait under

selection and the selection differential expressed as phenotypic standard deviation

Kanakamony (1998) reported highest heritability for leaf length followed by leaf

breadth and tiller number and lowest for rhizome weight 1n Kaempferia galanga
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However high estimates of heritability coupled with genetic gain was noticed only
for number of leaves and rhizome number ndicating considerable scope for genetic

improvement with respect to these traits

Arya (1999) observed high hentabihty for characters such as plant he ght
internode length number of suckers length of root girth of root number of roots dry
weight of root and plumbagin content mn reots of P rosea However only three
characters viz plant height root length and dry root yield recorded high values for
combined estimates of heritabihty and genetic gamn The character plant height
recorded maximum genetic gam (137 90%) and plumbagin content recorded

minimum genetic gam (0 39%)

The coefficient of vanation hentability and expected genetic advance for 18
important horticultural traits was estimated 1 26 accessions of ginger (Zingiber
officinale) High heritability coupled with lugh genetic advance as percentage of mean
was observed for plant height leaf length suckers per plant number of mother and
secondary rluzomes weight of primary rhizome and rluzome yield per plant
indicating that desirable mmprovement mn these traits can be brought about through
selection (Yadav 1999)

Tifteen accessions of turmeric (Cur cuma longa L) were evaluated for variability
i thirteen traits namely days to maturity plant height number of suckers/plant
length of leaves width of leaves number of rhizomes/plant length of rhizome
d ameter of rhizome rlzome yield/plant total biomass/plant harvest index rhizome
yield/plot and rhizome yield/hectare Higher estimates of both PCV and GCV were
observed 1n order of ment for rhuizome yield/plant total biomass/plant rhizome
yield/hectare rhizome yield/plot High estimates of heritabihty combined with geretic
advance as per cent over mean was recorded by characters such as number of suckers
per plant total biomass per plant and number of rhizomes per plant (Singh er al
2008)

241 4 Correlation studies

Correlation studies to determune the inter relationship among various traits are

useful 1n making selection Grafius (1964) noted necessity to estimate the genotypic
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and phenotypic correlation coefficient to determine the true association due to genetic

causes

In Kaempferia galanga a significant positive association of yield with number
of leaves tillers leaf length plant spread and rlhizome number was noticed

(Kanakamony 1998)

Arya (1999) estimated the phenotypic and genotypic correlation coefficients of
dry root yreld with eleven other characters and their mter se associations 1n Plumbago
rosea All the genotypic correlations between dry root yield and other characters were
positive Eight of the eleven characters namely plant height number of leaves

nternodal length number of s ickeis per plant root length root girth number of roots
per plant fresh weight of shoot and fresh weight of root exhibited sigmf cant
genotypic and phenotypic correlation wrth dry root yield Correlation between pair of
characters other than those with yield was also worked out The plumbagm content in
roots showed both positive and negative correlations with other characters At
genotypic level the plumbagm content had a positive correlation with number of
roots plant This character had shown negative correlation with fresh weight of shoot

plant height dry weight of shoot and 1nternodal length

Correlation studies 1n ginger revealed that the genotypic correlation coefficients
were higher than the phenotypic ones for almost all the characters The rhizome yield
per plant and per plot had significant positive genotypic and phenotypic correlation
with number of leaves per shoot (0 615 and 0 413) number of tillers per plant (0 679
and 0 652) leaf length (0 878 and 0 778) leaf breadth (0 970 and 0 801) rhizome
length (0 578 and 0 739) and rluzome breadth (0 713 and 0 613)(Tiwar1 2003)

In Chlorophytum bormilianum correlation analysis for root yield (dependent
variable) and seven plant traits (independent vanables) revealed that leaf number leaf
length and finger number which had contributed highly to divergence had also
significant assocations with root yield The D? and correlation results suggested that
the variability for the three traits (leaf number leaf length and finger number) could

be reliable selection criterion for root yield in C' bormvilianum (Kumar ef al  2008)
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2 4 1 5 Path coefficient analysis

Path coefficient analysis 15 standardized partial regression coefficient analysis
and as such measures the direct effect of one variable and indirect effect via other
variables on the dependent variable This analysis permuts the separation of
correlation coefficients into components of direct and indirect effects of independent

variables on dependent variable (Dewey and Lu 1959)

Arya (1999) studied the direct and indirect effects of eight quantitative
characters on plumbagin content of roots of P rosea The characters namely plant
height number of suckers root length root girth and fresh root yield extubited
negative drect effects on plumbagm content However the characters such as
mnternodal length and dry root yield expressed positive direct effect on plumbagin
cotent Fresh root yield was considered as a negat ve factor and dry root yield as a

posttive factor contributing directly and indirectly to the plumbagin content

2 4 1 6 Cluster analysis

Among several statistical methods used to quantify genetic divergence
multiv ariate analysis 1s potent tool (Rao 1969) Assessment of genetic divergence by
use of D? statistic 1s useful in choosing parents for any breeding programme (Murty
1965)

Sixty accessions of Coleus parviflorus collected from different eco geographical
reg ons of Kerala and neighbouring states were grouped mto ten clusters based on
economic traits The clustering pattern showed no parallelism between genetic
d versity and geographical distribution Based on the ranking for important yield
attnibutes the overall best yielder from each cluster was selected and subjected to

physical and chemical mutagenesis (Abraham 2002)

Si1x phenotypic characters and three withanohde markers were assessed 1n 25
accesstons of Withanta somnifera collected from different states of India for studying
genetic vartabihty Based on D? values and PCA (Principal Component Analysis) of
phenotypic traits like plant height number of branches/plant number of seeds/berry

root length root diameter and root yield these 25 accessions were grouped 1 five
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Pradesh) AGB006 (J&K) and AGB009 (Pumab) representing clusters 2 and 4
exhibited maximum mtra and inter cluster divergence Cluster 5 representing

accession AGB053 (Andhra Pradesh) was having mixed traits (Kumar ef a/ 2007}

Genetic divergence among 51 genotypes was determined using nine characters
of C borvihianum of indigenous origin via Mahalanobis D? statistic The genotypes
were grouped mto eight clusters Intra cluster distance was largest for cluster VIII
(mne genotypes) followed by cluster I (six genotypes) Inter cluster D? values
recorded between cluster II and III and those between cluster III and VI indicated the
posstbility of raising transgressed hybrids from cross hybridization programs using
d vergent parents of these four clusters The clustering pattern indicated that
geographical diversity was not necessanly related with genetic diversity (Kumar et
al 2008)

Twenty nine accessions of Brahmi (Bacopa monneri) collected from d fferent
geogiaphical regions of Kerala were evaluated for vanability Significant genet c
variability was expressed by all the characters studied Cluster analysts 1indicated that
there was no parallelism between geographical distribution and clustering pattern of
accessions Accession 29 was 1dentified as better plant for lugher biomass yield and
Bacos de A content followed by Access on 14 (Radhakrishnan ef al  2008)

2 SINDUCTION OF VARIABILITY THROUGH IN VITRO MUTGENESIS IN
PLUMBAGO SPECIES

2 51 In viti o regeneration 1n Plumbago species
1) Establishment of aseptic cultures

Explants collected from field grown plants are usually contaminated by various
microorgamisms Besides surface contaminants Mathias and Anderson (1987)
reported that bacteria fungl or viruses on the surface of the bark glandular hairs at
the nodes and 1nternal tissues could cause contamination 1n the explants Woody plant
tissue culture has a serious problem associated with 1t as 1t harbours a number of
mircroorganisms within its tissues mternally which cause latent contammnation Surface
sterilisation removes only those microorganisms that are present on the outer surface
According to Mallika ef al (1992) growing stock plants under controlled conditions

and regularly spraying the plants with systemic and contact fungicides can reduce or
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avoid the problem of contamination to some extent Common sterthising agents hike
sodium or calctum hypochlorite (5 10%) ethyl alcohol (50-95%) and mercuric
chloride (0 01 0 1%) are used to exclude the surface contaminants by washing m the
appropriate solution for 10-25 min followed by several rinses in sterile water
Rigorous screemng of the stock cultures for bacterial contamination 1s highly

essential

1) Basic culture media

Although more than 50 different devised media formulations have been used for
the m vifro culture of tissues of various plant species (Gamborg ef al 1976 Huang
and Murashige 1977) the formulat on described by Murashige and Skoog (1962) (MS
nedium) 1s most commonly used often with 1elatively minor changes Percentage of
bud breaks and shoot multiplication was generally higher 1n MS medium conipared to
several other media The MS medum 1s charactenised by lgh concentration of
muneral salts Skirvin (1980) and Gr ffins et al  (1981) suggested that reducing the
strength of MS medium by half was more beneficial for culturing Response of an
explant to different media depends on the plant species All the reports available on i

vitro culture of Plumbago species are in MS medium

1) Culture environment

The physical form of the medium whether liquid or semu solid pH other
environmental factors like light temperature relative humidity and season of culture
play an important 1ole n the in vitzo growth and differentiation Light requirement for
differentiation 1nvolves a combmation of several components namely intens ty
quality and duration (Murashige 1974) Broderick ef al (1974) reported that m onion
and tomato callus cultures were formed and maintamned m darkness at 23 27° C
According to Murashige (1977) the optimum day light period required 1s 16 hours for

a wide range of plants

2511 Direct organogenesis

In vitro culture of medicinal plants has been achieved through rapid proliferation
of shoot tips and axillary buds 1n culture The cells of apical and axallary meristems

are uniformly diploid and least susceptible to genotypic changes hence this method
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ensures genetic stability of the clones A shoot tip and an axillary bid having
preformed menstems usually develop anillary shoots on a high cytokmn
concentration Skirvin (1980) pointed out that there 1s variation among the type of
explant within each plant species and the most suitable explant for each plant species
should be determined Many efficient protocols for i vitr o propagation through direct
regeneration have been developed mn many medicinal plant species mclud ng the

Plumbago

Thomas et al (2003) reported direct shoot regeneration from terminal bud and
mature nodal explants in Terminalia arjuna Roxb a multipurpose tree  Nodal

explants produced more shoots than terminal apex

Panmnalar ef al (2007) observed that the best explant in Centella asiatica was
nodal segments Dioscorea bulbifera L contaiung the pharmaceutically important
compound diosgenmin was regenerated m wiio through nodal segments on

supplemented Murashige and Skoog medium (Narula er al 2007)

Plumbago species

Rout et al (1999) developed an efficient protocol for i vitro clonal propagation
of Plunbago zeylamca L through nodal culture Multiple shoots were induced from
nodal explants of P zeylamca on Murashige and Skoogs (1962) medum
supplemented with 05 mg | to 10 mg mg | 6 benzyladenme and 3% (w/v)

SucCrose

In vin o plant regeneration was achieved by Rout (2002) from leaf explants of
Plumbago 10sea and Plumbago zeylanica on MS medium The semi mature leaves
produced more shoot buds as compared to the younger leaves Mature leaves did not
show any response for shoot bud mitiation More than 85% of the semu mature

explants produced shoot buds per leaf explant within 4 week of culture

Chaplot ef al (2006) established protocol for plant propagation through axillary
bud proliferation and organogenesis m Plumbago zeylamca (L) Multiple shoots

emerged from the nodal explants within two weeks of incubation 1n MS medium
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Gopalakrishnan et al (2009) established a sumple rapid high frequency
micropropagation method for Plumbago rosea from leaf explants without intervening

callus phase

2512 Effect of growth regulators on shoot proliferation and elongation

Murashige (1974) utitlised cytokinins to overcome the apical dominance of shoot
to enhance the branching of lateral buds from leaf axils He reported that BAP 1s the
most effective cytokimin for menstem shoot tip and bud culture followed by kinetin
Lo et al (1980) reported that a lugh content of cytokimin was deleterious to the
m tiation and elongation of roots of both monocotyledonous and dicotyledonous
plants Cytokanins levels were shown to be the most critical for multiplication of
maily medicinal plants Upadhyay ef al (1989) made an i depth stidy of the
nfluence of ¢y tohanm on the growth characterist cs 1 Picrorhiza ku roa n vit o The
use of three cytokinins (BA 21p and hinetin) separately at higher concentration (3 0
50mgl 1) used 1 the medium led to an mcrease 1n the abnormalities (vitrification
and fasctation) of the shoots However 1t was observed that cytokinin was required 1in
optimal quantity for shoot prohferation m many genotypes but inclusion of low
concentration of auxing along with cytokinin triggered the rate of shoot proliferation
Hence for successful organogenesis in some cultures a combination of auxins and
cytokimns are used Although exogenous ausins do not promote axillary shoot
proliferation culture growth has been improved by 1ts presence (Wang and Hu 1980)
Lundergan and Janick (1980) advocated that one of the possible roles of auxin at
elongation stage 1s to nullify the suppressive effect of high cytokinin concentration
thereby restoring normal shoot growth Gibberellins are also known to prevent root
and shoot formation Gibberellic acid (GA3) 1s the most frequently used gibberellms
in tissue culture But GAj3 1n presence of cytokinin promoted shoot proliferation as
well as elongation Gibberellic actd at 01 05 mg 1! and adenimne sulfate at 50 100
mg ' had a promising effect on shoot proliferation and elongation The role of the
three above mentioned growth regulators viz BA adenine sulfate and gibberellic
acild have been reviewed m many medicinal plant species including 1n the Plumbago
species Apart from these the role of Thidiazuron a synthetic phenylurea derivative

with high cytokimin activity has been reviewed 1n woody plant species
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1) Benzyl Adenine (BA)

Multiple shoots were 1nduced from nodal explants of P zeylanica on Murashige
and Skoogs (1962) medium supplemented with 05 mg 1 't 10 mg |
6 benzyladenine and >% (W/v) sucrose Inclusion of JAA (001 mgl I) m the culture
medium mmproved the frequency of production of multiple shoots (Rout 1999)

Cultures were mitiated from nodal segments of mature plants of Hypericum
perforatum mnoculated onto MS medum supplemented with 4 5 uM BA kinetin
thidiazuron 1ndividually or in combmation with 005 pM NAA Organogenic
explants were observed on medium with erther BA or kinetin alone or 1n combmation
of these with NAA. Subculture of organogenic explants onto the proliferation medium
containing 4 5 pM BA promoted the organogenic response (Santarem and Astar ta

2003)

Micropropagation of Bacopa 11onnter: was aclieved on MS and B5 medmum
supplemented with BAP and NAA using leaf explants and nodal segments Best
results were found on MS medium 1n both the explants with BAP (2 0 mg 1 ) showing
higher percentage of regeneration (Mohapatra and Rath 2005)

In Tylophora indica multiple shoot formation was induced from nodal explant
on MS medium supplemented with different concentrations of BAP alone or
combmation with NAA However nodal explants cultured on MS medium
supplemented with different concentration of BAP alone showed best results The
number of shoots formed also varied with the concentration of BAP Three to four
shoots were formed on lower concentration of BAP (1 ppm) Highest number of
shoots per culture was obtained on MS medium supplemented with 2 ppm of BAP
where nodal explant produced nearly 45 to 50 shoots But with the further increase in
concentration of BAP number of shoots formed has waned to 6 to11 shoots on 4 ppm

of BAP and 4 shoots per explant on 6 to10 ppm (Nadha 2006)

The nodal explants of P zeylamca when oculated m MS medum
supplemented with BA (0088 mg 1') and JAA (00288 mg 1Y) at different

concentrations erther alone or 1n combinations produced maximum number of shoots
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(12 multiple shoots) n the basal medrum with 44 mg1 BA and 14 I mg 1'1aA
(Chaplot et al  2006)

Leaf explants of Plumbago rosea noculated on MS supplemented with 6 66 pM
BAP and 2 69 uM NAA produced numerous (105 + 0 3) shootlets with an average
length of 51+ 00 cm Small shootlets were transferred to shoot elongation medium

supplemented with 1 11 uM BAP plusl 44 uM GA3 (Gopalakrishnan et al  2009)

1) Adenne sulphate (Ads)

It brings about responses simular to cytokimins Usually added at 50 100 ppm
concentration In most cultures ademne sulphate acts more as a synergist of
cytokin ns The addition of adenine sulfate 1n the culture medium nfluenced rapid
proliferation of shoot multiplication of Cu cu na longa cvs Suroma and PTS 28 The
frequency of shoot multiplication wncreased 4 fold at every 4 week interval cult red
on MS medium supplemented with 40 mg 1! BA 10 mg 1' JAA and 100 mg 1"
ademne sulfate (Rout ef al 1995) Sumularly the rates of multiplicat on of Zingiber
officinale cvs Suruchi and Suprabha were hugher 1n a medium contaiung BA (4 0 6 0
mgl') IAA (10 15mgl')and 100 mg/l ademne sulfate (Palai ef al  1997)

High frequency shoot bud regeneration was achieved was achieved by Rout
(2002) from leaf explants of Plumbago rosea and Plumbago zeylamica m MS
medium supplemented with 15 mg 1! 6 benzylaminopurine 025 mg | 1ndole 3

acetic acid 50 mg | ! adenme sulfate and 3% (w/v) sucrose

Mult ple shoots were induced from apical meristems of Curculigo orchioides
Gaertn grown on Murashige and Skoog (MS) basal medium supplemented with 1 5
mgl 6 benzyladenine (BA) 100 mgl ! adenne sulfate and 3% sucrose Inclusion of
mdole 3 butyric acd (IBA) or indole 3 acetic actd (IAA) in the culture medium
umproved the formation of multiple shoots The highest frequency of mult plication
was obtained on MS medium supplemented with 1 5 mg 1 ! BA 100 mgl Ads 025
mg 1 ' IBA and 5% sucrose (Francis ef al  2007)

Bud and shoot formation were achieved when nodal segments of Trichosanthes

cucur mina were cultured m MS medium containing 0 5 mgl ' BA Effect of cytokinin
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precursor adenme sulphate for enhanced release of axillary buds was also
mvestigated The same medium for culture mitiation was found effective for shoot
multiplication wherein on an average 6 2 shoots were produced at the end of third
subculture The cytokimn precursor ademine sulphate was ineffective m inducing

multiple shoots 1n Trichosanthes (Sankar et al  2007)

1) Thidiazuron (TDZ)

Thidiazuron (TDZ) 1s among the most active cytokinm like substances for
woody plant tissue culture It facilitates efficient micropropagation of many
recalcitrant woody species Low concentrations (<1 uM) can 1nduce greater axillary
proliferation than many other cytokinins At concentrations ligher than 1 uM TDZ
can st nulate the formation of callus adventitious shoots or somatic embryos
However TDZ majy 1nh bit shoot elongation In some cases 1t 1s necessary to transfer
shoots to an elongation medium containing a lower level of TDZ and/or a less active
cytokimn Subsequent rooting of microshoots may be unaffected or shightly mhibited
by prior exposure to TDZ The main undesirable side effect of TDZ 1s that cultures of
some species occasionally form fasciated shoots The high cytokinin activity and
positive response of woody species to TDZ have established 1t as among the most
active cytohimns for 1 vifr o mampulat on of many woody spectes (Huetteman and
Preece 1993)

Ledbetter and Preece (2004) studied the effects of thidiazuron (TDZ) on
adventit ous shoot production from oak leaf hydrangea Leaf explants placed w1 vit o
on MS medum containing 1 pM IBA and 005 01 05 10 or 50 uM TDZ formed
shoots that were adventitious Lower concentrat ons of TDZ stimulated the formation
of fewer shoots but they elongated The highest concentration resulted 1n leaf explants

that were heavily callused and had many tiny shoots that were slow to elongate

Attempts were made to study the effect of thidiazuron (TDZ) on adventitious
shoot induction and plant development m Paulowma tomentosa explants derived from
mature trees Optumal shoot regeneration was obtained 1n leaf explants cultured on
MS medium conta ning TDZ (22 7 or 27 3 pM) 1n combination with 2 9 uM 1ndole 3

acetic acid (TAA) for 2 weeks and subsequent culture 1n TDZ free shoot development



243

2513 Callus mediated regeneration

The induction of callus growth and subsequent differentiation and
organogeness 1s accomplished by the differential application of growth regulators and
the control of conditions m the culture medium With the stimulus of endogenous
growth substances or by addition of exogenous growth regulators to the nutmient
medmm cell division cell growth and tissue differentiation are induced Several
teports are available on the regeneration of various medicinal plants via callus culture
The callus mediated regeneration m Plumbago species as well as other medicinal

plant species 1s reviewed

2 514 TLffect of culturc environment and gt owth regulators on callus induction
and regeneration

Satheeshkumar and Bhavanandan (1988) could induce callus stem segments
from the medicinal plant Plumbago 10sea L on MS medum containing 2 4 D and
kinetin The explants placed horizontally showed MS media supplemented with 2 4
D (25mg]l )and kinetin (1 5 mg 1 ') production better callus production than those
placed vertically Multiple shoot formation was induced on callus subcultured in MS
media supplemented with BAP (20 mg 1 ') plus NAA (10 mg 1 1) An 18 h

photoperiod or darkness had no different effect on calius induction

Tawfk et al (1998) developed a protocol to induce organogenic callus 1n
Rosma us officinalis 1. High concentrations of TDZ (up to 20 mg 1 ) alone or
plus 05 mg 1 " IAA 1nduced organogenic callus on shoot tip stem and leaf explants
cultured on MS medium Compact dark green calli were formed on the abaxial side of
the leaf segment These when transferred to a medium supplemented with different

concentrations of BA (20 40 6 0and 8 0 mg1 ") produced multiple shoots

Callus cultures of Taxus species were established on Bs medium supplemented
with 2 4 D NAA and IBA imdividually or in combmation with kinetin  Although
callus iduction occurred when ncubated under a 16 h hight/8 h dark day/might
regime the amount of callus produced and the overall success rate was higher on

explants incubated 1n total darkness (Wickremsinhe and Arteca 1998)
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Callus was nitiated from internodal segment leaf root and petiole explants of
Withama somnifera (L ) Dunal on MS medrum supplemented with2 4 D (05 > 0mg
1" and NAA (0530 mg 1 ) either alone or along with hmetm (0510 mg [ )
Internode segments exhibited highest callusmg (up to 80 per cent) response after 30
days of culture on MS medium supplemented with NAA (1 0 mg/lyor2 4 D (1 0mg
1" with kinetin (1 0 mg 1 Y NAA when used at lugher concentration (3 0 mg 1 )
formed roots along with small amount of callus Multiple shoot regeneration was
observed from callus of all the eaplants except root on MS medium fort fied with
BAP (0525 mg! 1Y or in combination with IAA (05 mg 1 ) within two weeks of
culture The shoots obtained were dwarf 1n nature but elongated further upon tra isfer

10 0 1 mg1 'GA; within a week (Gov ndaraju et al 2003)

Indirect organogenesis was ach eved by Satheeshkumar and Seenr (2003)
young stem leaf and root explants collected from 6 9 month old plants of Plumbago
osea All the explants responded similarly in a hormonal regime of 2 5 mg1 BA and
15 mg | NAA with the formation of nodular callus in 4 weeks the callus was
divided and subcultured at 4 week 1ntervals 1n the presence of 3 0 mg/l to produce up
to 255 % 16 shoots i 18 weeks and then at 20 mg 1 ' BA to produce 796 £ 15

shoots m 23 weeks

Callus 1mitration was observed from yoing leaves of P zeylanica on MS
medmum supplemented with BA (00 88 mg! ) JAA(OO 288 mgl )and Ads
(160 mg 1 ') Leaf callus developed on MS with 6 7mg 1 ' BA 142 mg] IAA and
160 mg 1 ' Ads underwent organogenes s after three weeks of incubation onto various
regeneration media containing different concentrations of BA IAA and Ads The
highest number of shoots from the leaf callus was observed on MS with 4 4 mg
1 BA 142mg] JAA and 160 mg! Ads On an average 30 shoots were recorded
in callus cultures through organogenesis (Chaplot et al  2006)

Paul (2006) observed higher percentage of callusing in pseudostem explants of
ginger cultured 1n MS medium supplemented with 2 4 D 10 mg 1 ! and 1ncubated
under dark conditions Callus induced 1 medium with igher levelsof 2 4 D3040

mgl ) were friable loose and watery with root hairs
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Nikam and Savant (2007) reported callus formation 1n all the explants (root
hypocotyls cotyledons node mternode and leaf) of Ceropegia sahyadiica Ans and
Kulk on MS med a with BAP (18mM) KN(18mM) IAA (75 12mM) NAA (5 12
mM) and 24 D (025 5 mM) esther alone or mn combmation The callus formed m
conjunction with IAA and NAA occasionally showed formation of fine hairy mass
from the surface of calli while the calli produced on medium contain ng 2 4 D were

soft pale yellowish and non morphogenic

Induction of callus was observed on nodal explants of Plumbago 1osea three
weeks after moculation on half strength MS medium supplemented with2 4D 10
mg 1! The calli were subcultured on half strength MS medium supplemented with
BA(0S5 20 30and40mgl Y)and IAA (0Oand I 0 mg! ') Benzyl adenme 2 0 mg
1 promoted the proliferation of shoots (23 2) Higher concentrations of BA were

found to suppress the growth of shoots 1n Plumbago (Preetha et al  2007)

Callus was induced on young buds and pseudostem explants from 4 week old in
vitro shoot cultures of ginger placed on MS medium supplemented with varying
concentrations 2 4D (05 30mgl"') and BA 05 mg1' The cultures were
incubated and maintained under dark conditions Embryogenic callus was produced m
the medium s pplemented with2 4 D (0 5mg] ) Athigherlevelsof2 4D (1530
mg |') the callus prowth was slow and became rhizogemc (Suma and
Kesavachandran 2007)

Sivanesan (2007) investigated morphogenetic potential of leaf callus cultures of
Plimbago zeylamca to develop protocol for shoot regeneration and somaclonal
vartation Calli derived from leaf explants cultured on MS medium fortified with 2 0
mgl BAP when subcultured on MS medium fortified with2 0 mg1 BAP 15 mg

1 'Kinand 1 0mg1 ! NAA induced somaclonal variation

2515 Rooting of in vitro produced shoots

In witro produced shoots can be rooted either through i vitro methods 1tself or
through ex witro methods There are three phases mvolved m rhizogenests namely
induction 1mtiation and elongation All cytokinins inhibit rooting and auxins favour

mduction of rooting Addition of JAA IBA or NAA to the MS medium induced
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rooting of i vitro shoots 1 majority of plant species mcluding Plumbago Rooting
mmproved m many woody and herbaceous species when the concentration of macro
salts was lowered to half or less and the concentration of sucrose was lowered from 2
or 3% to 0 5% (Webb and Street 1977) Concentration of agar used for rooting vanes
from zero 1 hquid medium to 0 9 per cent 1n solid medium Liquid media facilitates
the free diffusion of toxic plant wastes and when used with filter paper bridge sy tem

provides excellent aeration for root development (Hu and Wang 1985)

Callus regenerated shoots from stem segments of P rosea produced roots on
transferring to media containmg 15 mg | ! IBA (Satheeshkumar and Bhavanandan
1988) Rout et al (1999) reported induction of rooting 1n microshoots from nodal
cultures of Plumbago zeyla nica on half strength MS medium supplemented with 0 25
mgl IBA with 2% sucrose Sunilar report of root induction 1 nodal cultures of P
zeyla uca was made by Selvakumar ef a/ (2001) in MS medium containing 4 92 uM
IBA

Satheeshkumar and Seem1 (2003) reported successful rooting of shoots
regenerated from leaf and stem callus cultures of P 7osea Shoots of 2035 cm
length were rooted easily m half strength MS agar medium supplemented with 0 1 mg

1 IBA within four weeks of moculation

Micro shoots regenerated from nodal segments of P 10sea via callus culture

successfully rooted 1n med a contamning IBA 1 5mg [ ! (Preetha er al  2007)

Well developed shoots (4 to 5 cm with three nodes) generated through axillary
bud proliferation and leaf callus of P zeylanica rooted profusely on MS medium with
IBA (1 2mg1 ) withun 10 days (Chaplot ef a/ 2006)

Besides auxins the role of gibberellic acid (GAs) in root morphogenesis 1s
reviewed In Oxalis species (O glaucifolia and O rhombeo ovata) shoots regenerated
from internodal callus cultures were successfully rooted using half strength iquid MS
med um contaming 0 1 mg 1 GA; (Ochatt er al 1988) Bajaj ef al (1998) reported
Iugh rate of rooting on shootlets developed from shoot tips of Morus species on MS

medium at half concentration supplemented with 0 5mg 1 ' IBAand 0 Imgl GA;
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Some workers have reported successful i vitro root ng of plant species m the
media without any growth regulators Gayathr1 (2005) reported rooting of multiple
shoots of Woodfordia fruticosa (L ) Kurz 1 SH medium devoid of growth hormones

S mular report was made by Gopalaknishnan et al (2009) in P rosea where n
shootlets developed from leaf explants when transferred to half strength MS basal
medium without any plant growth regulator produced 4 3 + 02 rootlets per plants
with average root length of 4 0 &+ 0 0 cm after 25 days of culture

251 6 Hardening and planting out

Acclimatization 1s crucial to any micro propagation procedures since shoot and
plantlets produced iz vif1 0 must be readapted to the environmental conditions outside
the culture vessels During the period of adaptation changes in both structures and
phys ology of shoots occur Leaves of 1 viti o cultured plantlets are characterised by
the absence or reduced amount of epicuticular wax in comparison to the leaves of the
green house or field grown plants (Grout 1975 Sutter and Langhans 1982) This
affects the rate of water loss from the leaves During acclimatization as the humidity
1s gradually lowered the density of wax on leaves increases (Wardle ef al  1983)
Barnes (1979) suggested the method of covering the transplanted plantlet with
polythene cover to maintain high humidity

Satheeshkumar and Bhavanandan (1988) reported that when micropropagated
plants of Plumbago 10sea were transferred to pots contaiming a 1 1 soil and sand

mixture under greenhouse conditions about 60 per cent of the plants survived

Rout e/ al (1999) reported that about 95 per cent of micropropagated plantlets
of Plumbago zeylanica were established m the greenhouse withun 2 3 weeks of

transfer under 85 per cent relative humid ty

Callus regenerated plantlets of P rosea established within four weeks when
transplanted to pots contamning sand and soi1l mixture and maintamned 1n a shade net
house permitting 25 per cent sunlight without hardening (Satheeshkumar and Seent
2003)
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Almost 96 per cent of the plantlets obtained through axillary bud proliferation
and organogenesis of Plumbago zeylanica Linn survived hardeming when transferred

to the f'eld (Chaplot et al  2006)

Gopalaknishnan et a/ (2009) reported survival of more than 90 per cent of
plantlets obtamed from direct organogenesis of P rosea leaves was observed on
hardening 1n red soil vermiculite and farmyard manure (1 1 1) for one week
However the rate of survival decreased to 10 per cent after two to three weeks of
acclimatization It was observed that gradual acclimatization of i vitro grown plants
to external environment 1s most essential for P rosea More than 80 per cent of the

plants transferred to pots survived and resumed growth

2 517 Field evaluation of somaclones

Kukreja ef al (1991) standardized a procedure for selecting 1# vits o raised plants
of Mentha arvensis based on qualitative and quantitative characters The m vitio
regenerated plantlets showed a wide range of vaniation for various agronomic traits
such as plant height leaf stem weight ratio herb yield o1l yield and four major
constituents of essential o1l namely menthol menthone isomenthone and methyl
acetate Based on mtial quantitative and qualitative assessment on individual plant
basis 27 somaclones were selected and further evaluated in replicated trial with
parent plant CIMAP/Hy 77 as control check Two somaclones SC 93 and SC179 were

selected on the basis of better o1l content and stability of volatile o1l composition

Plants regenerated from cell suspension cultures of palmarosa grass
Cymbopogon martinn (Roxb) Wats were analysed by Patnaik et al (1999) for
somaclonal vanation 1 five clonal generations A wide range of varation 1
important quantitative traits ¢ g plant yield height tiller number o1l content and
qualitative changes n essential o1l constituents (geraniol geranyl acetate geranyl
formate and linalool) were observed among the 120 somaclones screened Eight
somaclones were selected on the basis of high herb and o1l yield over the donor line
and high geraniol content m the o1l Based on performance 1n the field tnals three
superior lmes were selected and maintained for five clonal generations The superior

lines exhibited a reasonable degree of stability 1n the traits selected
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Sanchu (2000) studied variability in morphological yield and quality parameters
of black pepper cultivar Cheriakamyakkadan derived through indirect organogenesis
She observed variability in leaf area number of lateral branches number of spikes per
branch spike length number of berries per spike and recovery of essential o1l and
piperine  She could 1solate five calliclones of black pepper tolerant to Phytophthora
foot rot disease and a superior somaclone having lgh yield quality and tolerance to

Phytophthora foot rot from the study

Swatha (2001) studied vanability 1n axillary bud regenerants of black pepper
varieties Panmyur 1 2 4 and Subhakara along with parentalclones Out of 61
morphological characters studied 56 were found homogenous within somaclones of
each vanety Sigmfiant varation was observed n five traits such as number of
branches angle of nsertion of bianches and area of young leaf and mature leaf of

orthotrope and plageotrope

Satheeshkumar and Seemu (2003) evaluated the i vitro plants of Plumbago
rosea obta ned through indirect organogenesis against the conventionally propagated
plants The micropropagated plants when transferred to experimental plots and
cultivated for 10 months produced sigmficantly higher number (18 0 + 0 5) of larger
tuberous roots (1374 + 3 4 g fw/plant) compared to conventional rooted cuttings
(140+£17 479+ 16 g fw/plant) During this period the concentration of the root
specific compound plumbagin recorded per g dw (1 5 per cent ) was higher than that

of conventionally propagated plants (09 1 0 per cent)

Ravindra et al (2004) studred somaclonal variation for plant height plant
spread leaf shape leaf size leaf form herb yield essential o1l content and 10
mmportant constituents of the essential o1l 1 an Indian cultivar Bourbon of rose
scented geranium (Pelar gomum graveolens) Sigmficantly larger variance was
observed among 1 witro regenerated plants of the SC; generation (first generation
following an mn vitro phase) than among parental plants raised from stem cuttings for
herb yield plant height leaf size essential o1l content and for the contents of cis rose
oxide frans rose oxide 1somenthone and 10 epr y eudesmol in the essentral otl
Somaclones selected for plant spread and for the contents of linalool and frans rose

oxide 1n their essential oils did not breed true 1n the SC; generation However for the
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remain ng tratts studied 13 100 per cent of the selected clones retained their selected
traits i the SC; generation suggesting that the changes n these somaclones were due

to genetic causes

Rathy et al (2007) evaluated growth of regenerants of black pepper varety
Panmyur 4 denived through axallary bud culture and indirect organogenesis alongwith
CP (conventionally propagated) plants Somaclones exlubited superiority over CP
plants 1n morphologial characters such as number of leaves/plant length and breadth

of leaves The somaclones produced laterals much earlier than CP plants

2 52 In vifro mutagenesis

Among the vanous techmques now available 1n tissue culture the use of tissue
culture 1nduced mutagenesis for plant modification 1s a relatively new and very
attractive area of reseaich Bajaj (1983) studied direct and indirect effects of gamma
urradiation on the seeds seedlings callus tissue cultures excised shoots ovules and
embryos and reported that callus tissue cultures are more radio resistant than the intact
seediings EMS had an imhibitory effect on the shoot regeneration but stimulatory
callus growth

According to Vajrabhaya (1977) treatment with chemical or physical mutagens
can cause chromosome or gene mutations spontaneously i vifro In vitro culture

techmques allow selection of the desired variants from large population of cells

I vit o technology including anther culture ploidy man pulation mutagenesis
and a number of other gene manipulation techniques are mainly in their way into
scene supplementing classical breeding (Sigbjornsson 1991) In witro mutagenesis
has been proved to be effective method of crop improvement i vegetatively
propagated crops for inducing vanability (Novak 1991) Even though the occurrence
of desired mutation 1s empirical and random the combination of 11 vitro and mutation

techniques can speed up crop improvement (Ahloowalia 1995)

Plant improvements based on mutation can change one or few specific traits and
thus contribute to crop improvement The relatively high number of research reports

compared with lower number of cultivars released suggests that mutagenesis in
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combination with tissue culture 1s either meffective or has yet to be exploited

(Predier1 2001)

2 52 1 Physical Mutagenesis

Physical mutagens like y rays are widely used in plant tissue culture for
widening the m vitro culture induced variability in many crop plants One of the
earliest studies on m vitro mutagenesis 1 medicinal plants i India was conducted 1n
Datura mnoria by Jan et al (1984) Investigations were carnied out on growth and
differentiation 1 the anther dertved cultures of Datura wnnoxia that had been
subjected to varying doses of gamma irradiation ranging from 0 2 to 5 kR Growth of
callus cultures was stimulated at 0 2 kR dose of gamma 1rradiation but 1t decreased as
radiation dose increased Cultures exposed to 5 kR dose turned brown indicat ng a
general mlubition of callus growth Shoot regeneration however was stimulated both

at 0 2 as well 1 kR radiation doses

Shylaja (1996) reported i vitro induction of mutation using gamma 1rradiation
in black pepper cultivars Kalluvally Kanimunda Balankotta, Chenakanyakkadan
Panmyur I and Panmyur 2 Calli of the cultivar Kalluvally tolerated higher doze of y
irradiation as compared to other cultivars In all the cultivars callus growth inhibition
was found at higher doses of gamma irradiation viz 40 and 50 Gy The doze 30 Gy
was fixed as maximum dose of gamma 1rradiation that the calli of different cultivars
could withstand The regeneration capacity of wrradiated calli was found very low and

the regenerated shoots were weak and chlorotic

Gavidia and Bermudez (1999) could 1solate vartants for cardenolide content
from 1rradiated shoot tips of Digitalts obscura Shoot tips excised from the shoot
cultures of a gh yielding native plant of D obscura (genotype T4) exposed to
gamma rays (20 100 Gy) Radiosensitivity was assessed and LDso determmed was
about 60 Gy Shoot tips mutagenized (20 40 Gy) were cultured m the basal MS
medium Plantlets developed from 1rradiated shoot tips presented a high variability m
their cardenolide production (878 to 3291 pg/g d w) including varnants with similar

or even higher productivities than the native T4 plant
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KAU (2001) reported the effect of y iradiation on growth and multiplication of
in vitro ginger sprouts The highest doze of y rradiation that the sprouts could

w thstand was 1dentified as 20 Gy

Mutations were induced 1n tissue cultured plants of lotus a sacred ornamental by
Arunyanart and Soontronyatara (2002) The plantlets were obtamed by culturing
rhizomatous buds 1n half MS medium supplemented with 3 ¢ M IAA and 15 p M 21P
The i vitro 4 week old plantlets were 1rradiated with y irradiation at 0 2 3 4 5 and
6 krad or X ray rradiation at 0 1 2 3 4 and 5 krad The use of v and X rays to
mduce mutation resulted 1n 21 altered characteristics Mutants from 1 and 2 krad of
etther y or X rays had long secondary roots and adventitious roots These mutants also
exhibited abnormal characteristics including witufication chloros s and deformed
jetioles and 1 addition had mhibited growth of lateral buds secondary roots and

rhizomes

Dafferential radio sensitivity and post radiation recovery were observed in
different Musa clones by Novak ef al (1990) when they subjected the shoot apices
shoots of seven clones of dessert banana plantain and bluggoe cooking banana to y
irradiation dozes of 15 30 45 and 60 Gy at a dose rate of § Gy mm ' Considerable
phenotypic variation was observed among plants regenerated from n vitr6 shoot tips

after mutagenic treatment

In banana cult var Basra1 (AAA) lower doses of nrradiation viz 10 and 20 Gy
enhaiced multiplication rate of i vifro multiple shoot cultures (Karmarkar et al
2001) Obeidy er al (2002) studied the difference mn radio sensitivity of banana
cultivars Grand Nain Gros Michel and Williams i vt 0 cultures of these cultivars
were subjected to y wradiation (40 and 60 Gy) At 60 Gy reduced survival was
observed in all the cultrvars The number of shoots was reduced by 655 61 8 and
54 3 per cent m Gros Michel Williams and Grand Nain respectively when subjected
to ¥ wrradiation doze of 60 Gy There was no significant variation 1n shoot number at
40 Gy mn the three cultivars studied Shoot elongation 1n Gros Michel decreased with
radiation while that of Grand Nam did not significantly vary Longer shoots were
recorded 1n Williams at 40 Gy They also 1solated a mutant of Williams which

extibited salt tolerance up to 0 75 per cent NaCl 1n 1z vitro screening experiments
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Irradiation of 1n witro cultures of banana and subsequent field evaluation trials
were done by Hui ef al (2001 and 2002) They 1solated 28 mutants of Grand Namn
which exhibited wide vanability in morphological characters such as the colour of
pseudostem leaf stem ratio and plant shape as compared to control plants The

mutants recorded 10 per cent yield increase over control plants

2 52 2 Chemical mutagenesis

The treatment of plant cells and tissues i# viro with chemical mutagens like
EMS and NG enhances the spectrum and frequencies of somaclonal variation In any
vegetattve propagation system including the iz vifro method of asexual propagation a
mutagenic treatment may uncover recessive alleles by mutating or deleting

corresponding dominant alleles

Cfforts were made to artificially induce variation by subjecting callus cultures of
some Cymbopogon species to treatment with chemical mutagens like EMS nd NG
(Patnaik ef @ 2000) As a prerequisite dose response curves for each of the chemical
were first established and Isq dose (giving about 50% cell growth compared to control)
were determined for each of these mutagens In such an experiment with palmarosa
the optimal doses of the chemical mutagens EMS and NG determined through
established dose response curves were administered to callus cultured in order to
obtamn possible point mutation Consequently the regenerants from the treated callus
exhibited a wide range of variations with respect to herb yield plant height and tiller
number But the range of variations 1n the regenerants was almost 1n line with those
observed among the somaclones obtained from untreated Phenotypically some of the
EMS treated callus regenerants had broad leaf and tall plant habit which also had
comparatively less number of tillers compared to donor lines Although essential
compounds 1n terms of quantitative differences between different constituents were
observed to be sigmficant the major constituents like geraniol geranyl acetate which
constitutes about 95% of geraniol o1l pool more or less remained same Among the
plants obtained from NG treated callus on the other hand the range of vanation was
not as wide as 1n the EMS population and there were very few sigmificantly different

and desirable variations 1n population Throughout the growth of regenerants 1n green
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house as well as 1n field conditions for more than one year no albinos or any other

chlorephyll mutant could be observed

Swamy et al (2005) mnduced streptomycin resistance m Solanum surattense
using a sumple procedure 11 which mutagenesis (ethyl methane sulphonate and
gamma rays) was performed directly on cotyledon explants Chloroplast encoded
streptomycin resistant shoots were developed from green (unbleached) sectors of the
cotyledons The streptomycin resistant plants were similar to parental plants in

morphology and ploidy level (2n—2x 24)

26 INDUCTION OF POLYPLOIDY IN PLUMBAGO SPECIES

Polyploidy refers to a cond tion 1n which there are more than two sets of
chromosomes 1 the cells of an organism It has been estimated by Muntzmg (1936)
that more than 50 per cent of angiosperms are polyploids Polyploidy 1s of two
different kinds 1nvolving either duplication of the same genome or summation of
different genomes referred to as autopolyploidy and allopolyploidy respectively
Polyploidy has played a very important role in evolution of plants allopolyploidy
being the major contributor Autopolyploidy has contributed to limited extent m

evolut on of plant species

Polyploids find several applications 1 crop improvement Overcoming self
incompatibility making distant crosses possible use as a bridging species 1n gene
transfer between two species as source of new genetic variation or use directly as

crop varieties are some to list a few

Polyploidization can be achieved artificially in two ways mutotic or meiotic
The former involves deregulation of mutosis at any stage in the vegetative cycle
resulting 1n doubling of chromosomes with two 1dentical gene complements The
meiotic mechanism mnvolves fusion of unreduced gametes with somatic chromosome
number (2n) Several chemicals such as acenaphthene chloral hydrate benzene
mtrous oxide 8 hydroxy quinoline sulfamlamide mercuric chlonde etc were used m
the earlier periods to bring about mutotic arrest for the induction of polyploidy In
1937 Blakeslee discovered the polyploidizing property of an alkaloid colchicine

extracted from the bulbs and seeds of the plant Colchicum autumnale 1t was far more
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effective than other chemicals and 1n due course colchicine replaced all the
conventional methods of chromosome doubling 1n plants Blakeslee and Avery (1937)
working on Portulaca Datura and Cucurbita and Nebel and Ruttle (1938) working
on Tradescantia Petunia Snapdragons and Marigolds noticed that this alkaloid was
very effective in doubling the chromosome number These pioneering works paved
the way for future use of colchicine as a chromosome doubling agent This can be
attributed to 1ts specific advantages namely igh effectiveness for making polyploids
tn many different species and with very little damage to the treated plants High
solubility 1n water non toxicity to plants even at hugher doses adds to 1its ments
(Eagst: and Dustin 1955)

2 6 1 Methods of Colchicine application

For mducing polyploidy the meristematic region 1s to be treated with colchicine
solution 1e actively dividing cells are to be exposed to colchicine Treating
germinating seeds treating whole seedlings or apical bud treatment of young
seedlings using cotton swab are commonly followed for obtaming polyploids
Growing shoot apices are commonly treated with 0 1 to 1 per cent colchicine which 1s
applied by brush or else by placing a small cotton wool piece at the shoot tip which 1s
soaked daily with colchicine solution The treatment 1s repeated once or twice daily
for a few days Kulkarni et al (1984) induced autotetraploidy in Catharanthus roseus
by immersing apical buds of seven days old seedlings 1 0 5 per cent colchicine for 19
hours Dhawan and Tyagi (1989) developed two autotetraploids m Hyosyamus

muticus by soaking the seeds 1n 0 5 per cent solution of colchucine for 72 hours

Ayithmohan (1995) mnduced polyploidy in Kaempferia galanga by treating the
rhizomes with 0 45 per cent colchicine Cochicine was applied 1n holes drilled close
to buds on rhizomes and by cotton swab method 1¢ by covering the bud with a piece
of cotton wool soaked in colchicine solution for specified tme However only the
colchicine apphcation 1n hole close to rhuzome bud yielded polyploid while the cotton

swab method was not successful m inducing varability

Polyploidy was successfully mduced in the clone PR 107 of para rubber tree

(Hevea brasthensis) by Sankariammal and Saraswathyamma (2004) Aqueous
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solution of colchicine (0 75%) was applied to young bud sprouts of the clone PR 107

contnuously for seven days by cotton swab method

2 6 2 Morphological and cytological features of polyploids

Autopolyploidy leads to an mcrease mn general vigour and vegetative growth
The features associated with autopolyploidy include increased size of plant parts
larger and thicker leaves larger flower and fruits which are usually less in number
than diploids Yield will be higher 1f the economically important part 1s vegetative
Polyploids have larger cell s ze than diploids Guard cells of stomata are larger and
the n imber of stomata per unit area 1s lower mn polyploids than diploids Pollen grans
of polyploids are generally larger than those of the corresponding diploids However
the enhancement 1n vegetative growth 1s accompamed by reduced fertility slow rate

of growth delayed flowening and germination (Singh 1993)

Autoployploidy bieeding 1s attempted with the objective of obtaining enhanced
vigour and high vegetative yield Enhancement in some other characters such as
alkaloid content, resistence to pests and d seases etc are also expected However
there are several reports in which the autopolyploid developed being weak and
inferior to oniginal diploild According to Stebbins (1971) the increase of cell size
wh ch genetally characterizes polyploids does not necessarily lead to increased size
of plnt as a whole or even of 1ts individual organs because of the reduct on 1n the

number of cell divisions 1n these plants

Ajthmol an (1995) developed polyploid m Aaempfe a galanga which was
characterized by small plant size and reduced vigour Rhuzome development was
found retarded and per plant yield was less Flowering was not observed in the

induced polyploid for two growing seasons

Induced polyploidy has not been reported 1n the two cultivated  species of
Plumbago namely P rosea and P zeylanica Polyploidy 1s worth trying in Plumbago
since the economically important part 1s root and the crop 1s clonally propagated Any
improvement 1n root yield or plumbagin content that may be induced by polyploidy

can readily be maintained through clonal propagation
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3 MATLRIALS AND METHODS

3 1 Expermment 1
LCaploration and collection of different genotypes of Plumbago specics
311 Matenals

Accessions of Plumbago species namely Plumbago rosea Plumbago zeylanica
and Plumbago capensis collected from different geographical locations m different
districts of Kerala The collected accessions were raised as pot culture 1n the field of

AICRP on M& AP College of Horticulture Vellanikkara

3 12 Methodology

The study was carried out during the period November 2005 to December 2006
The eco geographic diversity of Plumbago species was eaplored m various distr cts of
Kerala during the period November December 2005 The accessions of species
Plumbago 10sea were collected from farmer s fields whereas the accessions of
species P zeylamica and P capensis were collected from private nurseries The
planting material was collected 1n the form of rooted cuttings and a collector s

number was given to 1dentify the accession

A preliminary survey of the area to be explored was done before actual
collection The location of sampling sites within the collection area was carefully
planned 1n advance and was based on the consideration of change 1n ecological and
agricultural conditions 1n the area soil pattern and change 1n agricultural pract ces
The sampling procedure adopted was random 1n order to collect maximum range of

variability present in the Plumbago species

The collected accessions were raised as pot culture for a preliminary evaluation
and multiplication In the preliminary tral the collected accessions of Plumbago were
evaluated mainly for descriptors/characters of agronomic importance as well as
distinct morphological features The passport data of the collected accessions are
presented 1n Tablel Based on the passport data of information of collected matenals

IC (Indigenous Collection) numbers were obtained from NBPGR New Delh1 The



Table 1 Passport data of collected accessions of Plumbago spec es

SINo

Collectors
No

Genus

Spec es

Date of
Collection

Collect on
source

Village

D strict

Lat tude

Longitude

Alt tude

Main characters

Acc nol

Plumbago

rosea

15 11 2005

Farmers plot

Vellanikkara

Thr ssur

10°30N

T6°15E

15 msl

Lov root producton
bushy  nature low
b omass and dry matter
product on

Acc no2

Plumbago

rosea

12 11 2005

Farmers plot

Thamarassery

Wayanad

11 12N

76°15E

400 msl

Low
bushy
b omass
mternodes

root product on
nature low|
and short,

Acc no 3

Pl mbago

rosea

12 11 2005

Farmers plot

Ambalavayal

Wayanad

11°12'N

76 15E

600 msl

Long nternode talle
plants wth medum
product on of roots

Acc no4

Plumbago

osea

14 11 2005

Farmer s plot

Theny palam

Kozhikede

11°15'N

75°49E

5 msl

Long nternode long|
I near leaves with hght
green and  med um
product on of roots

Acc nos

Pl mbago

rosea

14 11 2005

Farmer’s plot

Kozh kode

Kozh kode

11°15'N

75°49E

5 msl

Very tall plants wth
med um nternode length
h gher number oq
leaves branches and

roots

P A

RE




SINo Collectors Genus Spec es Date of Collection V llage D strict | Latitude | Long tude | Alt tude Ma n characte s
No Collect on source
Tall plants with h gher
6 Acc no6 | Pl nbago osea |12 112005 | Farmers plot Kalpetta Wayanad | 11 12N | 76°15E | 300msl |number of leaves and
med um nternode
o Broad leaves with bigger
7 Acc no 7 | Plumbago | rosea | 1211 2005 | Farmers plot Pookode Wayanad | 11 12N | 76°1SE | 300msl root s Ze
8 Acc no 8 | Plumbago | rosea |14 112005 | Farmers plot | Thuruthissery | Emakulam | 10 00N | 76°15E 10 msl Med um s zed plant w th
high root number
9 Acc no 9 | Plunbago | rosea |12 112005 | Farmers plot Thr ssur Thrssur | 1030N | 76 15E 15 msl Med um s zed plant w th
h gh root number
Higher root number as
10 Acc no 10 | Plumbago | rosea | 15112005 | Farmersplot| Vellankkara | Thrssur | 10°30'N | 76°15E 15ms! |well as hgh plumbag n

content

LY

(15



Collect
SINo oheclors Genus Spec es Date of Collection Village D strict | Lat tude | Long tude | Alt tude Main characters
No Collect on source

Tall plants with low,

11 Acc no 1l | Plu bago | rosea |08 112005 | Farmers plot Kottakal Malappuram| 10°47N | 75°58E 10 msl |branch ng habit and long
roots
Plants w th low number|

12 Acc no 12 | Plumbago | rosea |08 112005 | Farmers plot| Kadampuzha |Malappuram| 10°47N | 75 58E | 20ms! [of leaves and small
leaves as well as roots
Dwarf plants with short

13 Acc no 13 | Plunbago | rosea | 14112005 Farmers plot| Valanchery Malappuram| 11°12N | 76°15E 20 msl |internodes and low root
product on

14 | Acc no 14 | Plunbago | rosea |15 112005 | Farmers plot| Vellankkara | Thrssur | 10°30'N | 76 ISE | 15msi Med um s zed plant w th
low root product on

15 | Acc no 15 | Plun bago | rosea |15 112005 | Farmersplot| Vellamikkara | Thrssur | 10 30N | 76°15E [ 15msl Plants wth long leaves

and longer roots

0p



Collect
SINo o’.eclors Genus Spec es Date of Collection Village D strict | Lat tude | Longitude | Alt tude Marm characters
No Collection source
Plants wth very hgh
16 Acc no 16 | Plumbago | rosea | 15112005 Farmers plot| Vellanikkara | Thrssur | 10 30N | 76°15E 15msl |plumbagm content 1
roots
17 | Acc 10 17 | Plumbago | rosea | 10112005 | Farmer's piot| Ottapalam | Palaikad | 10°46'N | 76°42E | 15msl |Medum szed plant wth
medium number of roots
18 | Acc no 18 | Plumbago | rosea | 10112005 | Farmersplot| Kollengode | Palakkad | 10°46N | 76928 | 15ms) |Micdum sized plant with
medium number of roots
Tall plants wth long
19 Acc no 19 | Plurbago | rosea |10112005| Farmersplot| Nenmara Palakkad | 1046'N | 76 42E 15 msl roots
o Med um s1zed plant with
20 Acc no20 | Plumbago | rosea |10 112005 | Farmers plot Changaramkulan|Malappuram| 10°47'N | 75 58E 20 msl

medum number of roots

|87

i



Collect
S1No ol ectors Genus Species Date of Collect on V llage D strict | Latitude | Long tude | Altitude Maun characters
No Collection source

21 | Acc no21 | Plunbago | osea |10 112005 | Farmers plot| Nell ampathy | Palakkad | 10 46N | 76 42E | 1000 msl E‘lﬁhr o‘;‘;‘“ bomass with

22 Acc 1o 22 | Plumbago | rosea |10 112005 | Farmers plot| Santhampara Idukki 9 3N 77 02E | 500 msl Med um s zed plant w th
med um number of roots
Very h gh fresh and dry

23 Acc no23 | Plunbago | rosea |10 11 2005 | Farmers plot Pulpara Idukla 93N 77°02E | 500 msl] |[root y eld w th very dark
leaves
Very h gh fresh and dry

24 Acc no24 | Plumbago | rosea |10 112005 Farmers plot Munnar Idukk: 93N | 7702E | 500msl |rootyeld wth very dark
leaves
Low root weight and root

25 Acc no 25 | Plumbago | rosea |09 112005} Farmers plot| Vellan kkara Thrssur | 10 30N | 76°15E 15msl |yeld wth very low

plumbag n content

el

’v



S1No Collector s Genus | Speces Date of Collect on V llage Dstrct | Lattude | Long tude| Alt tude Maun characters
No Collection source
Tall plants produc ng
th

26 | Acc 1026 | Plumbago eylan ca| 15 112005 [Pr vate nurseny| Vellaikkara | Thrissur | 10 30N | 76°15E | 15msl |0~ tmner than
Pl mbago rosea and low
plumbagin content

27 Acc no 27 | Plumbago |capensis| 15 11 2005 [Pr vate nurser% Vellanikkara | Thrssur | 10°30N | 76°15E 15 msl ?(I):mat ot:berous root

8%



3 2 Eapermment I1
Assessment of genetic variability of various morphological and biometrical

traits 1n the collected accessions

321 Matenals

The accessions collected in the experiment one were raised 1n replicated trial in
the field of AICRP on M& AP College of Horticulture Vellamkkara for assessing
genetic vanability of various morphological and biometnc traits including plumbagin
content The details of the accessions collected such as IC number place of collection

and district are given m Table 2

322 Methodology

The study was carmied out duning the peniod from January 2007 to February
2008 The expermment was laid out in RBD with three replications Three month old
rooted cuttings of the twenty six accessions were raised in cement pots of 35 cm
diameter and 45 cm depth filled with potting mixture (so1l sand and dried cow dung
n equal proportions) The pots were hand weeded as and when necessary The crop
was raised as 1rrigated crop During summer months there was attack of mealy bugs
and 1t was controlled by Ekalux 0 2 per cent spray The accessions were evaluated for
different morphological and biometric traits Detailed studies on floral morphology
and biology were made Following were the main items of observations made 1n the
field

323 Morphological traits

The observations on the following morphological characters were taken n each
accession taken at monthly mtervals except for leaf length and leaf breadth which

were recorded at quarterly intervals

1 Number of branches per plant

The total number of branches per plant was counted

2 Plant height
The height of plant was measured from the ground level to the tip of the top

most leaf and expressed 1n centimeters This observation was taken in the longest

44



branch which was tagged

3 Internodal length

)’5

The distance between the point of attachment of the second leaf and that of the

third leaf from the top of the branch used for measuring height was recorded and

expressed 1n centumeters

Table2  Details of collected accessions of Plumbago species raised in replicated
trial
S1 Species Place of Dastrict Accesston No
No Collection
1 Plumbago rosea Vellanukkara Thrissur 1C 566499
2 Plumbago 1 0sea Thamarassery Wayanad 1C 566500
3 Plumbago rosea Ambalavayal Wayanad IC 566501
4 Plumbago rosea Thenjipalam Malappuram IC 566502
5 Plumbago rosea Kozhikode Kozhikode 1C 566503
6 Plumbago rosea Kalpetta Wayanad IC 566504
7 Plumbago rosea Pookode Wayanad IC 566505
8 Plumbago rosea Thuruthissery Ernakulam IC 566506
9 Plumbago rosea Thrissur Thrissur IC 566507
10 Plumbago rosea Vellanikkara Thrissur IC 566508
11 Plumbago rosea Kottakkal Malappuram IC 566509
12 Plumbago rosea Kadampuzha Malappuram IC 566510
13 Plumbago rosea Valanchery Malappuram IC 566511
14 Plumbago rosea Vellanikkara Thrissur IC 566512
15 Plumbago rosea Vellanikkara Thrissur IC 566513
16 Plumbago rosea Vellamkkara Thrissur IC 566514
17 Plumbago 1 osea Ottappalam Palakkad IC 566515
18 Plumbago rosea Kollengode Palakkad IC 566516
19 Plumbago rosea Nenmara Palakkad IC 566517
20 Plumbago rosea Changaramkulam | Malappuram IC 566518
21 Plumbago rosea Nelhampathy Palakkad IC 566519
22 Plumbago rosea Santhampara Idukk: 1C 566520
23 Plumbago rosea Pulppara Idukks IC 566521
24 Plumbago rosea Munnar Idukki IC 566522
25 Plumbago rosea Vellanikkara Thrissur 1C 566523
26 | Plumbago zeylanica Vellanikkara Thrssur Acc no 26

4 Number of leaves per plant

The total number of leaves per plant was counted from planting till harvest
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5 Leaf length

Ten fully opened leaves from top middle and bottom of the tagged branch were
selected and the length was measured as the distance between the base (point of
attachment of the petiole) and the tip of the leaf blade The average length was

worked out and expressed 1n centimeters

6 Leaf breadth
This observation was taken on ten leaves used for taking leaf length The
distance between the two widest pomnts of the leaf lamuna was measured as leaf

breadth and expressed mn centimeters

3 2 4 Biometric traits

Harvesting was done fifteen months after planting to the pots without damaging
the roots The roots were washed mn flowing water to remove the adhering soil

particles and the data on following parameters were recorded

1 Number of roots

The number of primary roots emerging from the base of the stem was counted

2 Length of root

The length of the longest root was recorded 1n centimeters

3 Girth of roots
The girth of the thuckest root was measured and expressed 1n centimeters The

girth of the thickest root was measured and expressed 1n centimeters

4 Total biomass

The fresh weight of the entire plant was recorded and expressed in gram

5 Fresh weight of roots

The fresh weight of roots of each plant was recorded and expressed 1n grams

6 Dry weight of roots
The roots were air dried for one day pached m labeled paper bags and oven

drted at 50 60°C for three days The dry weight of root was recorded m grams per
plant



43
47

7 Plumbagin content
a) Quantitative analysis

The dried root of Plumbago was ground 1n a mixer grinder and sieved to obtain
fine powder The powdered root sample weighing 500 mg was taken 1n a conical
flask of 100 ml capacity and stoppered To this 20 ml AR grade acetone was added
This was kept on a shaker and shaken for twenty minutes at a speed of 150 rpm and
later allowed to settle The extract was ther decanted and collected mto a standard
flask (100 ml) This process was repeated four tumes The volume of the extract was
made up to 100 ml of the standard flask by adding acetone One ml of the extract was
taken in a test tube and made up to 10 ml with acetone The absorbance of this extract
was read mn a spectrophotometer at 410 nm agamst blank acetone Standard
plumbagin (Sigma Aldrich CoLtd USA) was dissolved in acetone at varying
concentiations and the colour development as observed in root samples was noted
The optical density (O D) of the standard plumbagin solutions were taken at 410nm
in a spectrophotometer and a calibration curve plotted Based on the standard curve
concentration of plumbagin 1n the dried root samples of Plumbago access ons was

worked out as

Plumbagin (%)
OD ofsample » Concentration of standard x 1000 x10 *
OD of standard Weight of sample

b) Qualitative analysts of plumbagin by Th n Layer Chromatography (TLC)

The crude acetone extract of dned root samples were subjected to qualitative
analysis by TLC using silica gel 60 Fa,4 TLC plates The mobile phase consisting of
methanol and chloroform i the proportion (11 v/v) was used The standard
plumbagin was also co chromatographed along with the sample On complet on of the
solvent run the TLC plates were dried after marking the solvent front and viewed

under UV 354 nm and under visible light Rf value was calculated as

Dastance traveled by the sample

Distance traveled by the solvent
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3 2 5 Floral traits

Flowering 1in the two species of Plumbago commenced 1n October 2007 and 1t

continued up to first week of February 2008 m P rosea

32 51 Floral morphology

The morphological features of inflorescence and flower were closely observed

with hand lens and dissection microscope

1 Inflorescence characters

1) Days for opening of first flower 1 an inflorescence
The frst flower bud after visual emergence m both species Plumbago 1 osea and
Phuibago zeylanica were tagged and days taken for opemng of first flower was

noted

1) Number of flowers per inflorescence
Twenty six 1nflorescences labeled earlier were utilized for recording this
character After completion of flowering inflorescences were collected and the

number of flowers per inflorescence was recorded by counting the persistent bracts

1) Days for completion of anthesis per inflorescence
The inflorescence labeled for studying the number of days required for opening
of the first flower were observed till completion of anthesis The day of completion of

anthesis was noted

2 Tlower characters

Five fully opened flowers from twenty six accessions were collected and
observation on length of flower length of calyx length of corolla tube and length of
style were recorded and expressed m centimeters The mean was worked out for each

genotype

3252 Floral biology

For the detalled study of reproductive biology i Plumbago rosea and
Plumbago zeylamca ten plants from each of the species were planted 1n plastic pots

dunng May 2007 The observations were taken from November 2007 to February
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2008 In order to find out the causes for the failure of fruit set in Plumbago rosea

detailed observations on the following aspects were done

1 Time of flower opemng

Five inflorescences each from ten plants of Plumbago rosea and Plumbago
zeylanica were tagged The number of flowers opened 1n each inflorescence was
recorded at hourly intervals from 4 am to 4 pm Percentage of flowers opened at
hourly intervals were estimated for determining the peak time of flower opening and

peak period of anthesis 1n an inflorescence

2 Time of anther dehiscence and stigma receptivity

The colour and appearance of the anthers were examined under stereo
microscope at houtly intervals 1n fully matured flower buds of each species to find out
the time of anther dehiscence in a flower The stigmatic surfaces were also observed
for any change i colour or appearance 1n the same buds at same intervals of time to

find out stigma receptivity

3 Pollen fertility

Pollen fertility was assessed on the basis of stainabihty of pollen grains m aceto
carmine glycerine mixture Pollen gramns were collected from the matured buds and
stamed with a drop of aceto carmine glycerine mixture on a clean slide and kept aside
for ten munutes All the pollen grams that were well filled and stained were counted
as fertile and others as sterile Three fields of five different shides prepared from each
species were observed under microscope and the values expressed as percentage

4 Pollen viabihity

1) In vitro studies
Pollen grams were collected from freshly dehisced anthers from both the
species and kept for germunation 1n the following media
20 % sucrose
40 % sucrose

60 % sucrose
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Pollen gramns were placed i a drop of the culture solution on a shde and
mcubated 1n the following manner A pair of petridishes was lined with most filter
paper Two match sticks were placed parallel 1 the bottom half on which two shides
contaming a drop of germination medium with the pollen grams were placed and was
covered by the top half This was left undisturbed at room temperature for twenty four
hours The percentage of pollen grams germinated was recorded after staining in one
percent acetocarmine The germinated grains were counted from ten different fields
per treatment per replication and the percentage of germination was calculated as

No of pollen grains germinated
Percentage of germination % 100
Total no of pollen grains
11) In vevo studies

To study pollen germ nation and tube growth iz vive artificial pollination was
undertaken m the two species of Plumbago The study of anthesis in Plumbago 10sea
had revealed that the anther deluscence never coinctded with stigma receptivity
Besides the anther deluscence was delayed by three hours So the following method
was adopted when P rosea was used as pollmator parent The same plants for
observing anthests were used for pollmation The plants were placed 1n an enclosed
area In order to hasten the anthesis and dehiscence a sixty watt electric bulb was
placed at an appropriate height above the inflorescence of P 1osea plant 1n the pot
The warm light from the bulb resulted 1n early opeming of flower as well as the
dehiscence of the anther Such freshly dehisced anthers were used for pollinating both
the species of Plumbago The mature flower buds of the two species of Plumbago
about to open the next day were emasculated and bagged one day prior to anthesis
The freshly delusced anthers by the method mentioned earlier were rubbed on to the
stigma of the emasculated flower buds and agan covered with a butter paper cover
Tl e retention of pollinated flower buds was observed at the intervals of 24 48 72 and
96 hours after pollination The stigma of a few such pollinated buds from both P
rosea and P zeylamica were excised after 24 and 48 hours and placed 1n a petridish
lined with moist filter paper The stigma was then transferred to a clean shide with a
few drops of acetocarmine A cover glass was placed on the matertal gently pressed

and observed under microscope

To determine the mode of pollination and the percentage fruit set under natural

conditions selfing and open pollination were carried out Twenty nflorescences of
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uruform age were tagged before the commencement of anthesis Out of these ten
were covered with butter paper to encourage self pollination and the remaining ten
left uncovered so as to favour open pollination The extent of fruitset 1 each case

were determined and expressed as percent

3 2 6 Statistical analysis

The data collected for the various morphological and biometnic traits were
subjected to statistical analysis Analysis of vanance and covariance was performed
using the software SPAR [ (Statistical Pachage for Agriculture Research work
IASRI NewDelhi) The components of variation such as coefficients of varation
hentability genetic advance correlation and path coefficient were estimated as per

Nadarajan and Gunasekaran (2005)

32 6 1 Components of variation

1) Vaniability

Phenotypic variance (67p)
0‘2}) - 02g+ ce

¢"e~ Environmental variance

o’g Genotypic variance
MSt - MSe
g (G)
T
Where MSt— Mean sum of squares due to treatments

MSe Mean sum of squares due to error
r Number of replications
The phenotypic and genotypic coefficients of variation were calculated as per
the formula suggested by Burton and Devane (1953) for each character by making use

of the estimates of o°g and 62p mentioned above

Sp
Phenotypic coefficient of variation (PCV %) ~ %100
Mean
og
Genotypic coefficient of variation (GCV %) x 100
Mean

Where op and og are phenotypic and genotypic standard deviations respectively The
PCV and GCV were classified as follows
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Low < 10 per cent
Moderate 10 20 per cent
High > 20 per cent

11) Heritability

Heritability 1n broad sense was estimated using the following formula suggested
by Burton and Devane (1953)
o’g
Heritabthty () - x 10
o’p
The heritabihty values were categorized as follows
Low <30 per cent
Moderate 30 60 per cent

High > 60 per cent

u1) Genetic advance

The expected genetic advance under selection was estimated by the following
formula suggested by Johnson et al (1955a)
GA kxh2xop

Where L standardized selection differential at particular level of selection intensity
which 1s equal to 206 mn the case of five per cent selection mn large
samples (Falconer 1967)
h? = heritabihty of the character under consideration
op ~ phenotypic standard deviation of the original population

1v) Genetic gain

It 1s the genetic advance expressed as percentage of mean

Genetic Advance
GA (%) x 100
Mean
The range of GA as per cent of mean was classified as follows

Low < 10 per cent
Moderate 10 20 per cent
High > 20 per cent
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v) Phenotypic and genotypic correlations

Using var ances and covariances the genotypic and phenotypic correlation
coefficients between the therapeutic content plumbagin and vario 1s morphological as
well as biometric characters were calculated as per Johnson et al (1955b) The
significance of correlation coefficients were ascertained from the table r value at (n 2)

degrees of freedom where n 1s the number of pairs of observations used

vi1) Path coefficient analysis

The correlation between plumbagin content and other characters were split nto
direct and indirect effects using path analysis technique suggested by Dewey and Lu
(1959) The direct and indirect effects were classified on the scale given by Lenka and
Misra (1973)

000009 Negligible
010019 Low
020029 Moderate
030100 High
>100 Very high

vi) Cluster analysis

Genetic diversity plays an important 10le 1n crop improvement The concept of
D? statistics (Mahalonobis 1928) 1s one of the potent techmques of measuring genetic
divergence 1 plant breeding The D? values were estimated by the method suggested
by Tocler (Rao 1952) and the genotypes were grouped into clustets The cluster
analysis was performed with the help GENSTAT (software developed at College of
Horticulture KAU) Twenty six accessions of Plumbago were grouped n clusters
based on eleven characters The average inter and intra cluster distances of the
clusters were calculated Cluster means were calculated for individual characters on
the basis of performances of the genotypes ncluded 1n that cluster The accessions 1n
each cluster were ranked on the basis of two yield characters viz  dry root weight and
plumbagm content The selection of accesstons for inducing variability was made on

the basis of their ranking tn a cluster
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33 Experiment III

Induction of varmability through i wifro regeneration and mutagenesis of

Plumbago species

33 1 Materals

Three accessions of P rosea selected on the basis of cluster analysis in the

experiment Il and one accession of P zeylanica were used for this experiment

3 32 Methodology

The study was carried out during March 2008 to July 2009 The experiment was
conducted 1n two phases The first phase consisted of standardization of n vit o

regeneration and the second phase 1 vit7 0 mutagenesis

332 1 Standardisation of 12 vitio regeneration i Plumbago species

The w2 vatr o regeneration was carried out 1 two ways vz direct regeneration
and callus mediated organogenesis The basic procedures employed for both the

methods of 1n vitro regeneration were as follows

3321 1 Preparation of stock plants for explant collection

Tor carrying out the standardisation work three month old rooted cuttings of
three accesstons of P rosea and one accession P zeylamca were planted mn pots
during October 2007 and maintained 1 a green house These were sprased with
Ekalux 0 2 pe1 cent as well as drenched with 2 0 per cent Bavistin at regular mtervals

prior to explant collection

33212 Selection of explant

The explants were collected from six to nine months old stock plants of P rosea
and three to six months old stock plants of P zeylanmica Stem segments nodal
segments and leaf discs were taken as explants for the study For preparing leaf discs

sem1 mature leaves from second and third node were taken

33213 Culture medium
The response of the explants was studied in the Murashige and Skoog s (MS)
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medium (Murashtge and Skoog 1962) Composition of this medmm 1s given i Table

3 The basal media was supplemented with different levels of growth regulators

Table3  Composition of basal medum (MS) used for 2 vitro culture
Stock
Stock | Ingredients (mgl') | Mg htre’ concentration Stock
Inorganic constituents
I (NH)NO; 1650 50X 825gl!
KNO; 1900 950gl!
KH,PO,4 170 85gl!
MgSO, TH;0 370 185gl1!
I CaCl; 2H,0 440 50X 20gl’
11 FeSO4 7H,0 278 100X 28gl!
Na,EDTA 373 37gl!
v MnSO;4 4H,0 223 100X 22g1!
ZnS04 TH,0 86 860 0mg1!
H3B0; 62 620 0 mg1!
KI 083 830mgl!
Na;MoO, 2H,0 025 250mgl!
CuS04 5H,0 0025 25mgl!
CoCl, 64,0 0025 25mgl!
Organic constifuents
A% Vitamins
Nicotinic Acid 05 100X 500mgl!
Pynidoxme HCl 05 50 0mgl’
Thiamme HCl 01 100mgl’
Glycine 2 2000 mg !
Myo 1nositol 100 001¢gl !
Sucrose 30000 300gl’

1) Preparation of stock solutions for basal medium

Standard procedures (Gamborg and Shyluk 1981) were followed for the

preparation of the medium Stock solutions of the major and minor nutrients were

prepared separately by dissolving the required quantity of chemicals in double

distilled water and stored under refrigerated conditions in amber coloured bottles

Stock solutions for the major and minor nutrients were prepared afresh every three

months The vitamn stock solutions were prepared fresh every six to eight weeks
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n) Preparation of stock solutions for growth regulators

Auxins vz 2 4 D NAA IBA and JAA were dissolved in few drops of IN
NaOH and gradually diluted to 100m! with double distilled water Cytokinins viz BA
Kinetin and Thidiazuron were dissolved 1n few drops of 1IN HCI and gradually diluted
to 100ml with double distilled water

) Preparation of the culture medium

All chemicals of AR grade were used m the preparation of culture medmum
Specific quantities of the stock solution were pipetted out mto a beaker The required
quantities of growth regulators were also added Sucrose and 1nositol were added
fresh dissolved well and volume made up to the required level using double distilled
water The pH of the solution was adjusted 1n between 5 5 and 5 8 using 1 0 N NaOH
or 1 0 N HCI For obtamning a semisolid medium agar was added at 0 75 per cent
level and the medm was boiled till a clear solution was obtamned About 15 ml of
this molten medium was dispensed 1nto the culture tubes (15x2 Scm or 20x2 5em
sizes) In case of liquid medium strips of No 1 Whatman filter paper were used to
support the explants The filter paper strips made 1n the form of M shaped bridge were
mserted 1nto the tubes

1v) Sterilisation of the culture medium

The tubes were plugged with non absorbent cotton and autoclaved at 121°C and
15 ps1 (1 06 kg/em?) for 20 mnutes The medm was allowed to cool to room

temperature and stored 1n a cool dry place

v) Preparation of the explants

For nodal explants stem cuttings consisting of four to five nodes were excised
carefully from the plants Stem segments of 1 5 cm size cut 1nto bits with one node
each The internodal portion of 0 5 tol 0 cm size was taken as stem segment For leaf
explants semi mature leaves from second and third node were collected The leaf
dscs of 10to 15 cm? size consisting of midrib were excised from basal and nuddle
portion of the leaf lamina The explants were immersed in 10 per cent Teepol

solution for ten minutes and thoroughly washed in running tap water to remove all
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traces of the chemical The explants were also given fungicidal treatment by

mmmersing 1 0 2 per cent Bavistin solution for thirty minutes

vi) Transfer area and aseptic manipulations

All the aseptic manipulations such as surface steriisation of the explants
moculation of the explants and subsequent subculturing were carried out 1 a clean
laminar airflow chamber The working table of the lamimar airflow chamber was
mtally surface sterilized with absolute alcohol and then by switching on the
ultraviolet light for 30 munutes The petr: dishes forceps knives and other moculation
aids were 1mtially autoclaved and then flame sterilized before each moculation The
hands were washed thoroughly with soap under runming tap water After drying they

were wiped with absolute alcohol before inoculation

vn) Surface Sterthsation

Surface sterilisation was carried out under perfect aseptic conditions mn the
laminar airflow chamber The explants were put into the sterilant and kept immersed
for the required period They were continuously agitated manually to ensure thorough
contact of the explants with the chemical The different sterilisation treatments tried
for the explants are listed 1n Table 4 The explants after surface sterthsat on were
rinsed five times thoroughly with sterilized distilled water to remove traces of the

sterilant from the surface of the explants

vi) Inoculation of explant

The surface sterilised explants were noculated under perfect aseptic conditions
mto the different basal media supplemented with varying quantities of growth

regulators and cultured

1x) Culture conditions

The cultures were incubated at 25+ 2°C 1n an air conditioned culture room with
16 hours photoperiod (1000 lux) supplied by cool white fluorescent light For
inducing callus complete darkness was provided by covening with dark cloth Relative
hurmudity m the culture room varied between 60 and 80 per cent according to the

climate prevailing
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Table4  Different surface sterilisation treatments carried out for the
explants of Plumbago species before moculation

Duration
Sterilant Concentration (%) (minutes)
01 2
01 4
HgCl, 01 6
01 8 |
01 10
02 1
02 2
HeCl 02 3
02 4
02 5
100 2
Ethyl Alcohol 90 2
70 2
70 01 24
70 01 26
70 01 28
Ethyl Alcohol and HgCl, 7002 21
7002 22
7002 23

1) Standar disation of explants with medium supplements for culture mitiation

The MS medium was supplemented with growth hormones to 1nitiate culture in
Plumbago species (Table 5) The response of each explant m the basal medium was
recorded 1nternodal segments nodal segments and leaf discs were used for
establishing cultures The best media supplement and explant were 1dentified based on
the cultures showing maximum response as well as the type of response and carried
over to two methods of in vitro regeneration viz direct regeneration and callus
mediated organogenesis The following observations were recorded
a) Percentage of cultures showing response

Thus was calculated using the number of explants showing culture mitiation to
the number of explant inoculated
b) Number of days for culture imtiation per explant inoculated

The number of days required for mmtiatton of culture from the date of

moculation of explant
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Table5  Different combinations of growth regulators for culture mtiation
Plumbago species

Treatment Medium

Tl MS+BA10mgl' +NAAOSmgl’
T2 MS+BA20mgl +NAA1Omgl'
T3 MS+BA25mgl +NAA1Smgl’
T4 MS+24D10mgl +Kin05mgl’
T5 MS+24D20mgl +Kin10mgl’
T6 MS+24D25mgl +Kinl5mgl’
T7 MS+BAmgl '+ Ads25 mgl'
T8 MS+BA10 mgl'+Ads50mgl’
T9 MS+TDZ00]l mgl®

T10 MS +TDZ 003 mg !’

T1] MS +TDZ 005 mg 1’

TI2 MS+TDZ007mg!’

Ti3 MS+TDZ0 1 mgl’

T14 MS+TDZ05mgl’

T15 MS+TDZ10mgl'

3 3 2 2 Direct regeneration

Among the three explants tried namely stem segment nodal segments and leaf
dscs the explant showing maximum response was carried over for further
organogenesis Different concentrations of growth regulators were tried for multiple

shoot mduction and prohiferation

33221 Lffect of medium supplements on shoot multiphication

Studies were conducted to determine the effect of various growth regulators on
the induction of multiple shoots from explants Details of the treatments conducted
are presented in Table 6 Surviving cultures from the culture mnitiation medium were
subcultured at an interval of two to three weeks to the multiplication medium The
response of the cultures mn each subculture was observed and the following
observations were recorded

33222 Observations

1) Percentage of cultures showing shoot proliferation
The percentage was calculated from the number of cultures showing mulnple

shoots to the total number of cultures moculated to multiplication medium
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11) Number of days taken for shoot proliferation
The number of days required for shoot multiplication from the date of

subculture was recorded

m) Effect of different levels of growth regulators on shoot proliferation
The data on number of shoots produced per explant the length of shoot and the
average number of leaves produced were recorded and subjected to statistical

analysis

33223 Lffect of media supplements on shoot elongation

Multiple shoots in the proliferation medium were subcultured to same media
combinations for shoot elongation The data on average increase in the shoot length
and the ncrease i number of well developed leaves were subjected to statis cal
analysts The treatments that were tried for multiple shoot elongation are presented 1n
Table 6

Table6  Treatment combination of growth regulators for shoot multiplication
and elongation under direct organogenesis

Treatment Medium
T16 4MS+BA10mgl!
T17 AMS+BA20mgl!
T18 MS+BA30mgl’
T19 MS+BA40mgl’
T20 MS+BA10mgl' +Ads50mgl’
T21 MS +BA10mgl '+ Ads 25 mg]

33 22 4 Effect of media supplements on root mduction

Shoots of length more than 25 cm were excised from the elongated shoot
cultures and were subjected to mm vitro rooting The shoots were cultured m different
concentrations of the auxin IBA Treatments tried for root induction 1s given in Table
7 Root nduction was also attempted 1n media devoid of growth hormones The

cultures were observed at weekly mtervals for rooting
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Table7 Treatments with varymg concentration of IBA for w1 vitro rooting
under direct organogenesis

Treatment Medium
T22 AMS +IBA 025 mg 1’ + sucrose 2%
T23 /~MS +1IBA 050 mg ! + sucrose 2%
T24 /4AMS +1IBA 1 0 mg | '+ sucrose 3%
T25 /2 MS+IBA1 5 mg 1 '+ sucrose 3%
T26 MS + No growth regulators + sucrose 3%
33225 Observations

1) Percentage of cultures showing root induction
The percentage was calculated using the number of cultures showing root

inttiation to the cultures mnoculated 1n rooting medium

11) Number of days required for root mmtiation

The number of days required for imtiation of rooting from the date of
moculation
u1) Number of days for completion of rooting

The number of days from the date of inoculation to the date of transfer of the

plantlet from culture tube to sand

1v) Effect of different concentrations of rooting hormone on rooting

Rooted plants were removed from the culture vessels after sufficient number of
roots was formed The plants that were taken out of the culture tubes were washed 1n
running tap water to remove all the remnants of agar The observations on root length
of plantlets from the tubes were recorded The data was analyzed statistically as per

standard procedure

3322 6 Hardenmg and acchmatisation

After completion of rooting the culture tubes were removed from culture room
and placed under high light intensity and less humid conditions of the laboratory for
one week to harden Rooted plants were removed from the culture vessels The plants
that were taken out of the culture tubes were washed m runmng tap water to remove

all the remnants of agar The plants were transferred to disposable cups contamning
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autoclaved fine river sand and watered regularly Individual cup with the plant was
covered with transparent polythene cover to ensure sufficient relative hurmidity within
the system After one week  polythene cover was removed and the plantlets
maintained 1n cups for four weeks 1n the laboratory In order to compare the survival
rate of in vifro regenerated plants with conventionally propagated plants cuttings of
the accession IC 566508 were planted in bags at the same time and maintained in net
house and therr survival recorded after three months of planting The i vitro plants
established 1n cups were transferred to polythene bags contamning fresh potting
muxture and reared 1n a shade net house under wrmigation The percentage survival was

recorded after eight weeks

33227 Observations

1) Percentage survival in cups (Primary hardening) The number of plants
surviving 1n cups after hardening to the number of plants transferred
1) Percentage survival m bags (Secondary hardening) Number of plants

surviving m bags after hardening to the number of plants transferred

3322 8 Establishment m ficld

The in vitio regenerated plants obtamed from direct organogenesis were
evaluated in the field Therwr performance was compared with  the conventional
propagated plants from rooted stem cuttings of the accession IC 566508 The i» vitro
as well as the conventional rooted cuttings of same age (three month old) were
transplanted to pots and maintamned as pot cultures laid out i1 CRD 1n the field in
September 2008 The observations on vartous biometrical and morphological

characters of the both plants were recorded

33229 Observations 1n field

The observations on the morphological characters namely number of branches
per plant plant height internodal length number of leaves leaf length and leaf
breadth were recorded at quarterly mtervals The plants were harvested in August
2009 twelve months after planting in the field The observations on the following
biometric traits were recorded after harvest namely fresh plant weight number of

roots per plant root length root guth fresh root weight dry root weight and
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plumbagin content The quality of plumbagin mn the m witio plants and the
convent onal plants was assessed by TLC All the observations were recorded as per
the methodology mentioned 1n experiment II The data were subjected to statistical

analysis as per standard procedure

3 32 3 Regeneration through callus mediated organogenesis

As leaves alone showed callusing response it was carried forward for callus
mediated organogenesis Leaf discs of P rosea and P zeylanica were cultured in MS
media for callusing Since no callusing was observed with auxin cytokinin
combmation tn the standardization treatments of explant basal medium with vanous

levels of auxin and cytokinm 1ndividually were tried

3 323 1 Cffect of g1owth regulators on callus mduction

MS medium was supplemented with different levels of auxins and cytokiuns
respectively to induce callusing 1n the cultures Auxins namely NAA and 2 4 D
individually or 1n combination with phloroglucino! an auxin synergist were used to
mduce the callus and their effect was studied Details are given m Table 8 Cultures
were mncubated 1n complete darkness at 25+2° C at a relattve humidity of about 60 to
80 per cent depending on the external chimatic conditions The relative performance
of cultures for callus induction and proliferation 1n various treatments was observed at

weekly mntervals

33232 Observations
Observations on the following parameters were recorded on callus induction

1) Number of days taken for callus iutiation The number of days from 1noculation of

explant to the mmitiation of callus

1) Percentage of cultures showing callusmg The percentage was worked out using

the number of cultures moculated to the number of cultures showing callus induction

1) Growth rate of callus Growth rate was measured on the basis of a score Scoring

was done based on the spread of callus and a maximum score of four was given to
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those calli that have occupied the whole surface of the media six weeks after
mcubation

Score 1 — callus occupies / of the media surface

Score 2 — callus occupies / of the media surface

Score 3  callus occupies % of the media surface

Score 4 — callus occupies complete media surface

Table8 Treatment combinations of growth regulators for callus induction
leaves of Plumbago species

Treatment Medium

™7 MS+24D10mgl’

T28 MS+24D20mgl’

T29 MS+24D30mgi’

T30 MS+NAA10mgl"

T31 MS +NAA20mg]

T32 MS+NAA3Omgl'

T33 MS+NAA40mgl'

T34 % MS+NAA 10mg/l

T35 AMS+NAA20mgl’

T36 MS +NAA 05mgl! + Phloroglucinol SOmg 1’
T37 MS +NAA 05 mg 1" + Phloroglucinol 75 mg 1’
T38 MS + NAA 0 5mg 1! + Phloroglucinol 100 mg 1!
T39 MS+NAA 05mgl" +Phloroglucinol 125 mg 1"
T40 MS +NAA 05mg1’ + Phloroglucinol 150 mg 1’
T41 MS+BA05mgl’

T42 MS+BA10mgl!

T43 MS+BA15mgl!

T44 MS+BA20mgl!

T45 MS+BA25mgi!’

T46 MS+TDZ10mgl’

T47 MS+TDZ15mgl!

T48 MS+TDZ20mgl!

T49 MS+TDZ25mg!l’
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1v) Callus Index (CI) It was worked out as below GAY

CI-PxG  Where P — percentage of callus mitiationand G gro \siqré

v) Callus morphology The morphology of callus was recorded on the basis of

physical appearance colour and texture

v1) Nature of callus The nature of callus was noted based on 1ts mode of regeneration

t ¢ whether embryogenic or non embryogenic

332 3 3 Effect of media supplements on organogenesis from the callus

Callusmg was observed only i the leaves of species Plumbago rosea Hence
further studies on callus regeneration were carried out only 1n this species The calll
so obtaned from the above mentioned treatments were subcultured m MS media
contaming different levels of growth regulators for shoot induction The callus was
divided 1nto smaller pieces and inoculated into regeneration medium The various
treatments tried to induce multiple shoots from the calli are presented m Table 9 and

the response of the calli was recorded at weekly intervals

Table9  Treatment combinations of growth regulators for callus regeneration
m Plumbago rosea

Treatment Medum

T50 MS+BA10mgl'™+Ads50mgl’
T51 AMS +BA20mgl’ (semt sohd)
T52 AMS+BA20mgl’ (lqud)
T53 MS+BA3 0mgl’

T54 MS+BA40mgl’

T55 MS+BA02mgl'+IAA0 1 mgl"

33234 Observations

1) Percentage callus cultures showing proliferation and multiple shoot mitiation
Percentage was worked out from the number of calli showing proliferation and shoot

titiatron to number of pieces of calli inoculated
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1) Number of days for multiple shoots initiation and proliferation The number of

days from first subculture to the second subculture to shoot elongation medum

11) Effect of different growth regulators on multiple shoot generation from callus The
effect of different growth regulators were noted on the average number of shoots
produced average length of shoots and the average number of leaves produced per

callus subcultured

3 32 35 Shoot elongation

Multiple shoots i the proliferation medium were subecultured to different
combinations of media for shoot elongation Varied concentrations of cytokinin were
tried for shoot clongation Besides cytokimin gibberllic acid was also used for
elongation The treatments that were tried for multiple shoot elongation are presented

1 Table 10 The cultures were observed for shoot elongation at weekly ntervals

Table 10 Treatment combinations of growth regulators for elongation of
multiple shoots from calli of Plumbago rosea

Treatment Medium
T56 MS+BA50mgl’
T57 MS+BA60mgl
T58 MS+BA70mgl
T59 MS+BA80mgl!
T60 MS+BA90mgl
T61 MS+BA100mg!
T62 MS + GA30 I mgl’
33236 Root mduction

The regenerated calli when placed in the medum contaming GAjz not only
showed elongation but also rooting The elongated shoots were cultured m different
concentrations of GA3 as well as m IBA Treatments tried for root induction are given
in Table 11 The excised shoots were transferred to sem solid medium and lhiquid
medium of GAj; 1n test tubes as well as to semi solid medium of GAs 1n con cal
flasks/jam bottles Observations on root induction and shoot elongation were recorded

after completion of rooting just before planting out
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Table 11 Treatments combmation of growth regulators for root inductron in
shoots regenerated from call of Plumbago rosea

Treatment | Medium

T62 MS+GA;01mg!l (semu sold)
T63 MS + GA; 0 1 mg 1! (hquid)

To4 MS + GA;3; 0 5 mg 17 (sem1 sold)
Té6s MS + GA3 0 7mg 1 ' (sem: solid)
T66 MS + GA3 09 mg1 ' (sem: solid)
T67 MS +IBA 15mgl’ (sem solid)

33237 Observations

1) Number of days for root induction The number days from the date of mnoculation i

the rooting medium to the date of transfer to the sand were counted

11) Length of shoots The length of shoots per culture tube/flask was recorded and the

mean worked out

1) Number of leaves per shoot The number of leaves 1n each shoot per culture was

recorded and the mean worked out

1v) Length of roots The length of root was recorded from the shoots per culture and

average worked out

33238 Hardening and acclimatization

Rooted plants were removed from the culture vessels after formation of
sufficient number of roots and transferred to disposable cups containing autoclaved
fine river sand and watered regularly The procedure of hardening mentioned for
nodal regeneration was followed for plantlets obtained through callus regeneration
Due to tune constraint the plants obtained from callus regeneration were not evaluated
m field

33239 Observations

The calculations on the following 1tems of observations were done as mentioned

earlier in the direct regeneration
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1) Percentage survival in bags ( Secondary hardening)
After the first phase for standardization of tn vit o regencration 1 Plumbago
species the investigation proceeded to the second phase of this experiment 1€ 1 vifro

mutagenesis

3 3 2 4 In vitro mutagenesis

In the second phase 1 vifr o mutagenesis was carried out to induce vanability in
Plumbago species Since the protocol for in witro regeneration could be standardized
only 1n Plumbago 10sea accessions of P iosea alone were subjected to m viio
mutagenesis Both nodal as well as callus cultures were subjected to mutagenesis

using physical and chemical mutagens

3 32 41 Physical mutagenesis

a) Source

Tonizing radiation gamma rays (wave length 0 1°A) from 59Co of the Gamma
chamber 900 of BARC Mumbau 1nstalled at Radio Tracer laboratory of the College of
Horticulture Vellamkkara was used as the source of physical mutagen Its mode of

action 18 1onization

b) Dose

The nodal segments of P osea accessions selected from cluster analysis were
cultired 1 the best medium 1dentified 1n the standardization procedure Ten tubes of
two week old nodal cultures of P 70sea weie subjected to different doses of gamma
radiation (Table 12) Leaf d scs from sem1 mature leaves of P osea were noculated
w the best callus induction medum earher identified from the standardization
procedure Ten callus pieces from six weehs old calli cultures of P osea were placed
in the calli multiple shoot regeneration medium and subjected to d fferent doses of

gamma radiation

c) Protocol

Nodal culture
o The imradiated  sprouted nodes were immediately transferred to fresh

proliferation medium where they were allowed to proliferate This was to
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avoid formation of toxic compounds and enhance radiation efficiency

e After proliferation the treated culture along with untreated culture were
transferred to elongation medium

o After four weeks the elongated shoots were then cultured 1n rooting medum

e Regeneration percentage was used to determuine the LDsp value based on
which doses lower than LDsy were fixed as opttmum doses

» The above procedure was repeated with the optimum doses

Table 12 Doses of gamma rays used for i1 vifro treatment

Treatment Gamma Duration of treatment
rays(Gy)
Dy (Control) 00 00 munutes 00 seconds
D, 10 05 minutes 32 seconds
D; 20 11 minutes 4 seconds
D3 30 16 minutes 36 seconds
D, 40 32minutes 12 seconds
Ds 50 55 mmutes 24 seconds

Callus culture
o The nradiated callus was transferred to fresh regeneration medium After six
weeks of proliferation the treated and the untreated proliferated calli were

placed mn elongation cum rooting medmum

* Regeneration percentage was used to determine the LDsp value based on
which doses lower than LDsg were fixed as optimum The above procedure was

repeated with the optimum doses

3 32 42 Chemical mutagenesis

a) Source

EMS (Specific gravity 1204 g/cc Molecular weight 124 16g) was used for 11 vifio

chemical mutagenesis The mode of action 1s alkylation
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b) Dose

The method of explant agitation (Rajendran 2005) was tried Here calli pieces
from six week old cultures and two week old sprouted nodal cultures were subjected
to treatment by soaking in various concentrations of EMS solutions for a particular
duration The EMS solution was prepared freshly in sterile distilled water mn the
lammar flow and the treatment given under aseptic conditions The details of
concentrations tried are given 1 Table 13 Ten tubes of nodal as well as call1 cultures
of P rosea accessions selected from cluster analysis were subjected to each of the

concentration mentioned mn the table

Table 13 Concentration of EMS used for i1 vifro treatment

Treatment Concentration (%) treat?rlltarr?':g;lln?ites)
DEgy(Control) 000 60
DE, 005 60
DE, 010 60
DE; 025 60
DE4 050 60
DE; 075 60

¢) Protocol

Nodal culture

o After soaking for one hour the sprouted nodal segments (two week old
cultures) were washed with sterile water to remove residue of EMS which was
followed by drymng and later transferred to fresh multiphcation medum for
proliferatton

o After four weeks of multiplication the shoots were transferred to elongation
medium

* After four weeks the elongated shoots were then cultured 1n rooting medium

o The regeneration percentage was used to deterrine the LDsy value based on
which doses lower than LDsy were fixed as optimum The above procedure

was repeated with the optimum doses
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Callus culture
e After soaking for one hour the callus pieces were washed with sterile water to
remove residue of EMS which was followed by drymng and later transferred to

multiphcation medium for proliferation

o After four weeks of multiplication the shoots were transferred to rooting cum

elongation medium

e The regeneration percentage was used to determine the LDsg value based on
which doses lower than LDso were fixed as optimum The above procedure

was repeated with the optimum doses

33243 Observations

1) Regeneration percentage for estimation of LD, value

For fixing the LDsy value of mutagenesis the regeneration based on the
multiple shoot 1mtiation and root formation mn the nodal as well as call: cultures was
recorded The percentage was calculated based on the number of cultures showmg

multiple shoot 1mtiation and the number of cultures showing root induction

11) Regeneration percentage for optimum dose
Percentage was worked out from the number of cultures showing multiple shoot
mitiation elongation and rooting to number of call/ explant inoculated after treatment

with optimum doses of physical and chemical mutagens

1) Plant regeneration percentage after 2 vitro mutagenesis
Percentage was calculated from the number of plants produced to the number of

cultures subjected to mutagenesis

1v) Length of shoot per plantlet

The length of shoot was recorded 1n each plant and the mean worked out
v) Number of leaves per plantiet
The number of leaves 1n each plantlet was recorded and the mean worked out

v1) Length of roots per plantlet

The length of root was recorded from each plantlet and the average worked out
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3324 4 Hardening and estabhshment

The plantlets were hardened and the survival percentage from each dose of
radiation was recorded after three months of rearing 1n net house The abservations
on morphological characters such as plant height 1nternode length number of leaves
leaf length and leaf breadth were recorded The data statistically analysed in CRD
with unequal replications for each accession Based on the analysis of vanance
superior plants from each accesston for various. levels of mutagenesis were selected
for field evaluation Before field establishment the selected somaclones were

compared with the rooted cuttings of P rosea accessions

33245 Comparison of plants obtamed from m wiro mutagenesis with

conventionally rooted cuttings of P rosea i bngs

Three supertor plants of each accession from i viti 0 mutation were selected for
field establishment and their corresponding conventional rooted cuttings of same age
were used for recording observations The data obtamed on the characters vz plant
height mternodal length number of leaves leaf length and leaf breadth were

subjected to statistical analysts

3 32 5 Statistical Analysis

All the statistical analyses for standardization of i vitro regeneration as well as
11 vitr o mutagenests were carried out 1n completely randonuized design (CRD) The
Duncan s multiple range test (DMRT) was performed using software package SPSS
version 13 0

3 4 Expermment IV

Induction of polyploidy m the Pluntbago species

3 4 1 Matenals

One accession of P rosea and one accession of P zeplamca selected on the

basis of cluster analysis 1n experiment II were used
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The study was carried out from January 2008 to March 2009 The most effective and
widely used chemical colchicine supplied by SRL Ltd Mumbai was used to mduce

polyploidy 1n the present mvestigation

3421 Standardization of colchicine application technique
34211 Preparation of vegetative material for colchicine apphcation

The sprouted cuttings of Plumbago rosea and Plumbago zeylanica were used
for the standardization Two noded cuttings excised from the semi hardwood portion
of both Plumbago species were planted with one node above so1l surface m polybags
(12 x 18 cm with 150 gauge thickness) filled with potting mixture (soil sand and
dried cow dung n equal proportions) In each bag three cuttings were planted The
planted bags were kept 1n the net house and watered regularly The cuttings sprouted
after three months from the date of planting were used for colchicine treatment The
bud emerging from the axil of the leaf on the node just below the apical leaf of the
sprouted branch of the cuttings was selected for colchicine application Before
colchicine application the sprouted branch was decapttated by excising the  apical

leaf bud In five days the axillary bu d emerged 1n both Plumbago species

34212 Method of colchicine application

Cotton swab method was trnied for applying colchicine The emerging axillary
bud was completely covered by a small piece of cotton wool fixed temporarily with a
cello tape wound to the stem The cotton swab was soaked intermittently with

colchicine solution by the help of dropper

3421 3 Fixing doses of colchicine

To find out the optimum dose of colchicine a preliminary trial was conducted
by treating the just emergmg axillary buds of three month old sprouted cuttings of
P rosea and P zeylanica The axillary buds were covered with cotton swab soaked n
aqueous solution of colchicine of concentrations ranging from 0 0 (Co) to 2 0 per cent
(Cs) for  three hours (D;) and six hours (D,) duration on two consecut ve days

respectively The details of the duration and concentration of colchicine application
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are given 1n Table 14 In case of control 2ml of glycerol was dissolved mn distilled
water and volume made up to 20 ml The same procedure was repeated on the second
day by preparing fresh stock solution of colchicine The cotton swab was removed
after colchicine application for the required duration and the treated axillary bud was
observed for sprouting for a period of two weeks The number of days for sprout ng
and the percentage sprouting in the two species of Plumbago were recorded Based on
the sprouting percentage the optimum dose of colchicine was fixed For each
concentration of colchicine three bags with three cuttings each of the respective

Plumbago species were used

Table 14 Concentration and duration of colchicme treatment m the prelimmary

trial
Treat Concenir | Weight of | Volume | Volume of | Duration No of
ment ation colchicine | of distilled days
No (%) (g glycerol | water
(ml) (ml)
Co 000 000 2 18 D; 3 hours 2
D, 6 hours | consecu

Ci 025 005 2 18 tive

) 050 010 2 18 days

) 075 015 2 18

Cy 100 020 2 18

Cs 150 030 2 18

Cs 200 040 2 18

34214 Optimum dose of colchicine application 1n the Plumbago species

Based on the prelumnary trial optimum dose of colchicine to be used for
application was decided A weighed quantity of commercially available colchicine
powder was mixed with a small quantity of glycerol (10 % of the final volume) and
dissolved 1n distilled water and then the volume was made up to achieve the required
concentration Just emerging axillary buds of the two Plumbago species were treated
with this aqueous solution of colchicine for seven days using the cotton swab method
The treatment was done for the following two pertods of duration per day

D 3 hours from 7am to 10 am for seven consecutive days
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The cotton swab was soaked with colchicine solution  ntermuttently at an
interval of one hour Three bags with three cuttings each of the two respective
Plumbago species were used for the treatment with optimum doses of colchicine In
the experiment absolute control 1€ cuttings without any treatment were used for
comparison After seven days of treatment the treated cuttings along with the
contro] were kept 1n laboratory till the sprout emerged from the bud The plants were
then removed from the bags and planted in cement pots The plants were maintained
1n the net house with regular mist 1mgation The plants were observed regularly for
the growth of treated axillary bud sprouts Only the branch emerging fiom the treated
bud was allowed to grow whereas all the other branches were removed to avoid their
smothering effect This procedure was followed for the control plant as well The
observations on growth morphological characters and floral characters were

recorded

34215 Observations

The observations on the following morphological characters were recorded at

quarterly intervals during the period  from April 2008 to March 2009

1) Morphological characters

Length/height of the branch
Internode length

Leaf length

Leaf breadth

b) Study of leaf epidermal cells

The size of epidermal cells 1s an indication of the plowdy level of plants Any
change mn the size of epidermal cells results from change in the number of
chromosomes Hence to measure the size of epidermal cells this study was
undertaken six months after planting in the pots (second quarter) Free hand sections
of leaf from the third node of the branch from treated as well as control plants were
taken The sections were stamed with a drop of acetocarmine on a clean shde and

covered with a cover slip The shdes were examined under microscope for the
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epidermal cells The length and breadth of ten cells from leaf sections of each species

were recorded with the help of ocular micrometer after calibration

c¢) Stomatal study

Stomata size 1s found to bear a direct correlatron with the ploidy level of plants

An mncrease 1n the s1ze of stomata 1s an ndication of increased cell size which results
from ncrease mn the number of chromosomes For observing stomata peeling of the
lower epidermus of the leaf from the second node of the branch of treated as well as
control plants of both the species was taken The length and the width of the stomatal
opening were measured with the help of ocular micrometer after calibration The
measurements of stomata from ten different microscopic fields were recorded for leaf
from each treatment In order to ascertain the stomatal number peelings of the lower
epidermis were taken from the base muddle and tip of the leaf Jamma and the
number of stomatal openings per microscopic field for ten microscopic fields i each
treatment 1n both the species of Plumbago

d) Floral characters

All the treated as well as control plants were observed for flowering in both
the species Flowers 1n both the species were observed for pollen fertility as well as

pollen size

1) Pollen fertility Pollen fertility was assessed by aceto carmine staining technique as
mentioned in experiment II The values obtamned for each treatment were expressed

as percentage

1) Pollen size Pollen diameter was measured using ocular micrometer after
calibration The diameter of pollen (10 nos) from three mature buds from cach
colchicine treated as well as control plants of both the species of Plumbago was
recorded Mean size of the pollen from treated as well as control plants was

computed

3422 Statistical analysis

The data obtained from all the above observations were subjected to statistical

analvsis as per standard procedure
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3423 Identification of variants/polyploids

The axillary branch of the colchicine treated plants was observed for any
marked phenotypic difference from the control plants m both the species of
Plumbago Besides visual observation the treatments showing significant differences

1n the statistical analysis were 1dentified

35 Expermment V

Evaluation of samples of Plumbago species screened from in vifro mutagenesis

and polyploidy

3 51 Materials

The samples of the Plumbago species obtamned from i vitro mutagenesis and
polyploidy were evaluated in the field From experiment III soma clones (three
months old) obtamned from each dose of mutation were planted 1n pots laid out 1n
CRD along with conventionally rooted cuttings of same age 1n the field in August
2009

3 52 Methodology

The field evaluation study was carried out during the pertod August 2009 to
May 2010 The observations on the morphological characters vz plant height
mternodal length number of branches number of leaves leaf length and leaf breadth
were recorded at four months after planting and erght months after planting (MAP)
The somaclones and the conventional rooted cuttings were also observed for
flowering The morphological traits were recorded as per the methodology
mentioned 1n experiment II The data were subjected to statistical analysis in CRD

with three replications
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4 RESULTS

The results of the various expenments carried out for the Assessment and
induction of vanability m Plumbago species for lugh plumbagin content are

presented under the following heads

1 Exploration and collection of different genotypes of Plumbago species

2 Assessment of genetic varability of various morphological and biometrical traits
1n the collected accessions

3 Induction of varability through i wifro regeneration and mutagenesis of
Plumbago species

4 Induction of polyploidy in Plumbago species

5 Evaluation of samples of Plumbago species screened from i vitro mutagenesis

and polyploidy

4 1 Lxploration and collection of different genotypes of Plumbago species

On the basts of eco geographic survey conducted 1n vartous districts of Kerala
27 accessions of Plumbago were collected and established m the field as pot culture
for preliminary evaluation Twenty five accessions of Plumbago rosea were collected
from different districts of Kerala one accession of Plumbago zeylamica and one
accession from of Plumbago capensis from Thrissur Passport data of the collected
accessions was prepared and the same 1s presented 1n Table 1 The table gives detailed
information on the place of collection date of collection the altitude latitude and
longitude of the place of collectton The table also reveals mmportant agronomic
characters as well as distinct morphological features of the accessions from the three
species of Plumbago Among the three species evaluated P rosea produced tuberous
roots with higher plumbagin content than the other two species The accession no 27
(Plumbago capensis) was very distinct and  produced very thin and non tuberous
roots with negligible plumbagin content This species 1s mainly cultvated for
ornamental purposes for its beautiful blue flowers and therefore not included m
further 1nvestigation Twenty six accessions of two species were carned over to
expeniment II for detailed evaluation of morphological biometric and floral traits n
replicated trial The district wise distribution of Plumbago genotypes collected from

the exploration 1s presented m Table 15
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Table 15 Distirct wise distribution of Plumbago accessions
S1No Species District Place of Accession No
Collection
1 Plumbago rosea | Emakulam Thuruthissery IC 566506
2 Plumbago rosea Idukki Santhampara IC 566520
3 Plumbago rosea Pulppara IC 566521
4 Plumbago rosea Munnar IC 566522
5 Plumbago rosea | Kozhikode Kozhikode IC 566503
6 Plumbago rosea | Malappuram |  Thenpipalam 1C 566502
7 Plumbago rosea Kottakkal IC 566509
8 Plumbago rosea Kadampuzha IC 566510
9 Plumbago rosea Valanchery IC 566511
10 Plumbago rosea Changaramkulam IC 566518
11 Plumbago rosea Palakkad Ottappalam IC 566515
12 Plumbago rosea Kollengode IC 566516
13 Plumbago rosea Nenmara IC 566517
14 Plumbago rosea Nelliampathy IC 566519
15 Plumbago rosea Thrssur Vellanikkara IC 566499
16 Plumbago rosea Thrissur IC 566507
17 Plumbago rosea Vellakkara IC 566508
18 Plumbago rosea Vellanikkara IC 566512
19 Plumbago rosea Vellanikkara IC 566513
20 Plumbago rosea Vellanikkara IC 566514
21 Plumbago rosea Vellanikkara IC 566523
22 Plumbago Vellanikkara Acc No 26
zeylamica
23 Plumbago rosea Wayanad Thamarassery IC 566500
24 Plumbago rosea Ambalavayal IC 566501
25 Plumbago rosea Kalpetta IC 566504
26 Plumbago rosea Pookode IC 566505

As seen 1 the table maxunum number of seven accessions of P rosea and one

accession of P zeylamca were collected from Thrissur distnet followed by five

accessions from Malappuram distnct The distribution of P rosea was seen mainly 1n
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places of medium and high altitude especially in the midlands of Kerala Hence

accessions of P rosea were collected from district located mn these areas

42 Assessment of genetic variability of various morphological and biometrical

traits 1n the collected accessions

Twenty six accessions of Plumbago were evaluated 1 replicated tmal for
various morphological biometric and floral traits The data obtained for these traits

were subjected to statistical analysis and the results are presented below

4 2 1 Genetic variability

The extent of genetic vaniability with respect to thirteen characters mcluding
therapeutic content plumbagin m twenty six diverse accessions of Plumbago was
estimated and the results are presented in Table 16 The analysis of variance revealed

significant differences for all the characters except root length and root girth

4 2 2 Mean performance of twenty six Plumbago accessions

The mean performance of twenty six Plumbago accessions for thirteen
characters 1s given mn Table 17 The accession of P zeylamica had the maximum
number of branches (76 67) Among the P sosea accessions IC 566504 had the
maxmmum number of branches (29 67) followed by IC 566513 IC 566521 and IC
566522 (29 0) The lowest value of 7 0 for ths trait were recorded by two accessions
viz IC 566509 and IC 566511 Among the twenty five P rosea accessions IC
566504 had the maximum height (131 67 cm) followed by IC 566511 (112 3cm) The
accession IC 566511 had recorded lowest value of 39 Ocm for this trait The P

zeylantca recorded maximum height of 166 3 cm among all the accessions studied

The result revealed significant variation for the character mternodal length
among the different Plumbago accessions The maximum mean value was recorded
by two accessions IC 566501 and IC 566504 (9 33 cm) whereas the accession IC
566511 recorded mumimum value (4 33cm) Among all the accessions IC 566504 had
highest number of leaves (455 3) followed by the P zeylamica accession (453 3) The
accession IC 566511 recorded lowest number of leaves The accession IC 566513 had

the longest leaf of 10 62 cm followed by IC 566506(10 55 cm) The accession IC



Table 16 ANOVA for morp! ological and biometric trats studied in Pl imbago accessions

Degrees Mean sum of squares
Source of of
var at on freedom No of Plant [Internodal No of Leaf Leaf No of | Root Root To al Fresh root | Dry root | Plumbag n
branches | he ght length leaves length | breadth | roots | length | grth b omass(g) | we gh (2) | we ght ()| content (%)
plant | (cm) {cm) (cm) { (cm) | plant (cm) | (cm) g B s Bt e
Repl cat on 2 949 47 517025 2427 1274599 | 549 097 28815 | 12349 | 218 29128575 | 2536281 | 392823 472
Treatn ent 25 S1936** | 1620 27**{ 4 63* 32075%% | 527 | 148%* | 6577**| 20978 | 0292 | 29166 61** | 4686 62** | 470 82** 1 69**
Error 50 8553 38417 236 8784 16 114 028 3886 | 31998 | 0185 11527 24 2524 15 758 64 063

* S gnfcance at 5% level

*¥

S gn fcance at 1% level

I8

1%



Table 17 Mean Performance of twenty six accessions of Plumbago

Fresh
No of Internodal Leaf Leaf No of Total
AccessonNo | branches |[He ght(cm){ length ?Io of length breadth roots ROOth Rc:; b omass root ¢ Dry Root Plumbago /n
plant (cm) eaves (cm) (cm) plant Lengt g @) wczg%h wt (g) [content (%)

1C 566499 15 00 79 67 6 67 21900 847 478 20 00 69 00 220 26000 | 13333 | 4200 265
IC 566500 7 67 8033 6 67 112 00 569 331 833 59 67 210 10000 | 5000 1733 199
IC 566501 14 00 90 33 933 161 33 810 417 14 67 63 00 227 24000 | 11000 | 3733 214
IC 566502 13 33 73 33 633 126 67 623 391 19 33 64 00 200 266 67 | 15333 46 00 262
IC 566503 17 00 102 67 667 168 00 763 4 80 24 33 80 33 293 36667 | 196 67 60 67 279
IC 566504 29 67 131 67 933 455 33 910 547 2033 74 67 263 49000 | 126 67 43 67 275
IC 566505 2333 105 67 633 270 67 818 4 45 20 67 66 00 233 37000 | 14333 45 00 270
IC 566506 17 67 97 33 633 203 33 10 55 590 17 67 68 67 303 33333 | 12333 37 67 288
IC 566507 16 00 89 00 733 28233 693 375 26 33 74 50 250 31667 | 15000 5100 275
IC 566508 17 00 92 00 617 237 33 720 420 26 33 69 00 237 37333 | 19333 59 00 462
IC 566509 700 95 67 567 11533 7 46 410 10 67 70 33 203 150 00 73 33 2200 241
IC 566510 11 33 5167 700 114 67 710 4 36 17 67 61 67 290 28000 | 156 67 4567 3 46
IC 566511 700 3900 433 64 33 501 300 13 00 56 33 233 22000 90 00 2333 379
IC 566512 20 00 01 67 7 00 197 33 612 385 11 33 84 00 240 223 33 8333 2533 327
IC 566513 29 00 11233 833 30533 10 62 488 17 00 68 67 2 60 38667 | 15000 | 4500 337
IC 566514 20 33 99 33 733 240 33 713 387 2100 65 67 207 32667 | 13000 46 00 411
IC 566515 25 67 101 33 567 330 00 832 491 20 67 76 00 263 40667 | 14333 | 4633 281
IC 566516 2167 8733 700 206 67 682 408 20 00 7233 260 31667 | 14667 | 4833 387
IC 566517 1500 107 67 473 236 00 841 527 1933 64 33 247 376 67 | 193 33 5500 239
IC 566518 19 67 81 00 537 263 00 877 534 17 33 94 67 263 30333 | 13667 43 67 368
IC 566519 24 33 96 00 767 374 00 833 4 81 24 67 63 00 223 43333 | 17333 | 5767 343
IC 566520 20 67 96 67 633 34533 667 387 20 67 62 33 187 28333 | 11000 3533 350
IC 566521 29 00 93 33 6 00 35133 863 531 2567 7533 243 49333 | 186 67 5733 297
IC 566522 29 00 94 33 733 367 00 801 461 20 00 76 50 240 476 67 | 200 00 68 67 302
IC 566523 18 00 86 00 8 50 31133 749 436 19 33 63 67 230 28000 | 11000 3533 2 89
Acc no 26 76 67 166 33 817 453 33 677 390 1567 65 67 1380 423 33 70 00 38 00 087
Mean 2091 94 29 6 83 250 44 768 443 18 92 69 59 239 326 80 1359 43 56 298
SE +533 +1] 32 +0 88 +54 11 +0 62 £0 31 +3 59 +10 33 +024 | £6305 | £29 00 +9 28 +0 45
CD 005 14 77 3136 25 149 98 169 Q0 85 995 NS NS 17473 837 2572 124
CV(%) 4421 2078 2252 3742 1379 12 04 3294 2571 18 06 3342 36 65 3692 26 52

13
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566511 had the shortest leaf of 5 01 cm The accessions IC 566506 had the maximum
Jeaf breadth of 590 cm followed by the accession IC 566504 (547 cm) The

accession IC 566511 recorded the mmmimum value of 3 00 cm for this trait

After harvest 1t was observed that the accessions IC 566507 and IC 566508
produced maximum numbers of roots per plant (26 33) while the accession IC
566500 produced the least number of roots (8 33) The accesston IC 566518 had
longest root of 94 67 cm followed by accession IC 566512 (84 00 cm) The accession
IC 566511 produced shortest root of 5633 cm The accession IC 566506 had the
thickest root of 3 03cm followed by accession IC 566510 (2 93 cm) The P zeylanica
had thinnest root (1 80cm) and among the P 10sea accessions [C 566520 had the

thinnest root (1 87 cm)

The accession IC 566521 had recorded maximum value of 495 33 g for total
biomasss followed by the accession IC 566504 (490 00 g) while the accession IC
566500 had the mummum value (100 00 g) for this trait The accession IC 566522
recorded the maximum fresh root weight and dry root weight (20000 g 68 67g)
followed by the accession IC 566503 (196 60 g 60 67g) The accession IC 566500
had recorded lowest fresh root weight as well as dry root weight (50 00 g 17 33 g)

The accession IC 566508 had maximum plumbagin content (4 62 %) 1 the
crude acetone extract of dried root followed by the accession IC 566514 (4 11 %)
The P zeylanica accession had the minimum plumbagin content of 0 87 % Among
the P 1o0sea genotypes the accession IC 566500 had the lowest plumbagin content
(199 %)

423 Phenotypic coefficient of variation (PCV) and genotypie coefficient of
variation (GCV)

The estimates of PCY GCV heritabihty genetic advance and genetic gain for

twelve characters are presented m Table 18
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Table 18 Components of vartability for morphological and biometric characters

Characters GCV PCV g/eogltablhty S;I;:éz g(z‘f;l?%
No of branches/plant | 57 50 72 54 62 90 19 64 9370
Height (cm) 2152 29 93 5180 3009 3191
Internodal length(cm) 1273 2586 2420 088 12 88
No of leaves 3506 5183 4790 12797 5109
Leaf length (cm) 1540 2082 5470 179 2330
Leaf breadth (cm) 14 00 18 47 5750 097 2189
No of roots/plant 158> 3655 18 80 2 67 141
Root girth(cm) 7 89 1971 16 00 016 669
Total biomass (g) 2320 | 4068 3250 89 04 2724
Fresh root weight(g) 2175 4263 26 04 3177 2337
Dry Root weight (g) 1930 41 66 2150 803 1843
Plumbagin content (%) | 1999 | 3321 36 20 074 24 83

The PCV values were higher than the GCV values for all the characters studied
Maximum PCV and GCV were recorded for number of branches (72 54 57 50)
followed by number of leaves (51 83 35 06) High phenotypic coefficient of vanation
was recorded by the morphological characters such as plant height (29 93) internodal
length (25 86) leaf length (20 82) and the biometric characters such as fresh root
weight (42 63) dry root weight (41 66) total biomass (40 68) and number of roots
(36 55) Moderate PCV values were exlubited by leaf breadth (18 47) and root girth
(19 71) High GCV values were exhibited by the morphological traits viz number of
leaves (35 06) and plant height (21 52) Moderate GCV values were recorded by leaf
length (15 40) leaf breadth (14 0) and internodal length (12 73) Among the biometric
traits those exhibiting high genotypic coefficient of vanation were total biomass
(23 20) and fresh root weight (21 75) Moderate GCV values of 19 30 and 15 83 were
exhibited by dry root weight and root number respectively The root girth recorded
lowest GCV value of 789 Plumbagin content recorded a high PCV of 3321 and a
moderate GCV of 19 99
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4 2 4 Heritability L8 RSN
Ead

The broad sense hemtability estimates varied from 16 00 (root girth}to 6390
(number of branches) as seen i the Table 18 High broad sense hemtability was
recorded 1n number of branches per plant (62 90) The characters such as plant height
(51 80) number of leaves per plant (47 90) leaf length (54 70) leaf breadth (57 50)
total biomass (32 50) and plumbagin content (36 20) exhibited moderate broad sense
heritabality values while characters such as mternodal length (24 20) number of roots
per plant (18 80) fresh root weight (26 04) dry root weight (21 50) and root girth
(16 00) exhibited low hentabihty values

42 5 Genetic advance and Genetic gain

Genetic advance expressed as percentage of mean was maximum for number of
branches per plant (93 70) and minumum for root girth (6 69) The number of branches
per plant exhibited high heritabihty coupled with hugh genetic gam Moderate
estimates of heritability (30 0 to 60 0 per cent) coupled with high genetic gain (more
than 20 0 per cent ) was observed for plant height number of leaves leaf length leaf
breadth total biomass fresh root weight and plumbagin content (Table 18)

42 6 Correlation

Phenotypic and genotypic correlations of plumbagin content with eleven
characters viz number of branches per plant plant height internodal length number
of leaves per plant leaf length leaf breadth total biomass number of roots per plants
dry root weight root girth and their inter association were worked out The estimate

of correlations both at phenotypic and genotypic levels are given 1n Table 19

Plumbagm content extubited sigmficant negative genotypic and phenotypic
correlation with the morphological traits such as number of branches ( 0 550 0 293)
and plant height ( 0 639 0 355) but a significant positive correlation at both levels
with the biometric traits such as number of roots per plant (0 407 0 322) and dry root
weight (0349 0201) It had sigmificant positive genotypic correlation with root girth
(0 517) It had neghgible correlation at both genotypic and phenotypic level with total

biomass
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Among the morphological traits plant height exlubited high positive genotypic
(0 930) and phenotypic correlation (0 650) with number of branches per plant The
internode length had significant positive genotypic and phenotypic correlation with
number of branches per plant (0 529 0 267) and plant height (0 698 0 264)

Number of leaves per plant showed significant genotypic and phenotypic
correlation with number of branches per plant (0 806 0 68>) plant height (0 780
0 654) and 1nternode length (0 716 0 252)

Leaf length exhibited sigmficant genotypic correlation and phenotypic
correlation with plant heigl t (0 414 0205) and number of leaves per plant (0458
0 270) It had significant posttive genotypic correlation with internode length (0 569)
Leaf breadth showed significant negative genotypic as well as phenotypic correlation
with number leaves ( 0 556 0 289) and leaf length ( 0915 0 775) It had sigmficant
posttive genotypic correlation with plant height (0 430)

The biometric traits also exhibited significant correlation with the
morphological traits Number of roots per plant exhibited sigmficant genotypic
correlation with plant height (0 367) It had sigruficant correlation at genotypic and
phenotypic level with number of leaves (0 766 0 291) leaf length (0 380 0 195) and
leaf breadth (0 574 0259)

Root girth exhibited negative genotypic correlation with following
morphological traits vzz number of branches per plant ( 0 465) plant height ( 0 312)
number of leaves per plant ( 0283) and leaf breadth ( 0 007) However 1t had
significant positive correlation at both genotypic and phenotypic level with leaf length
(0867 0234) Root girth exhibited significant positive correlation at phenotypic level
with leaf breadth (0 323) and number of roots (0 284)

Total biomass had highly significant and positive correlation both at genotypic
and phenotypic levels with most of the characters viz number of branches per plant
(06370 569) plant height (0 730 0 344) 1nternode length (0278 0 188) number of
leaves (0 989 0 620) leaf length (0 717 0 286) and root girth(0 330 248) However t
had very msignificant negative genotypic correlation and a significant phenotypic

correlation with leaf breadth ( 0008 0376) Total biomass had an insigmficant



Table 19 Genotypic and phenotypic correlation between plumbagin content and other traits mm Plumbago accessions

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11
X1(G)
1000
(P)
X2G) | 09307
(P)) o dagwe | 1000

X3(G) [0524% |0698** [
(P) [ 0267+ | 0264**

X4(G) 0 806** | 0 780%* [0716** 1000
® 0 683** | 0.654%* | 0252%

X5(G) | 0163 0414%* [0569%% [0458%* |
®) 0112 0205* |0074 | 0270%*

b2

X6(G) [0142  [0430%* | 0160 | 0536%*| 0015** | )
() |0140 [0162 0037 | 0289** | (775%*

X7(G) [0157 [0367 [0075 [0766** [0380%* [0574** |
(P) 10123 0051 {0045 | 0291%* | 0195% | 0259**

X8(G) 0465*F | 0312** 10095 0283** | 0 867** | 0007 0075 1000
(P) 0096 0111 0037 0020 0234* | 0323%* | 0284**

X9(G) 0 637** | 0730%~ | 0278%* | 0995%* | 0717** { 0008 0025 0 330%* 1000
® 0569%* | 0344%* | 0188*% | 0620%* | 0286%* | 0376%* | 0630%* | 0248*

X10(G) | 0176 0360** | 0085 0674%% | 0700%* | 0003 1086 | 0314** | 0839%* 1000
(P) [0263* 10019 0130 0302%* 10163 0309+* | 0742** | 0316** | 0 780%*

o
X11(G) 8;32** 0630% | 0255* | 0235% |0011 |00s3 |0407% |0517+* |0004 |0340% | o
) 0355%* | 0233* | 0085 | 0024 | 0067 |0322** |0170 |0096 |0201*

X1 No ofbranches X 2 Plant!eight X3 Internodal length X 4 No of leaves X5 Leaflength X6 leafbreadth X7 No
ofroots /plant X8 Root girth X9 Total biomass X10 Dry root weight X11 Plumbagin content G Genotypic correlation

P Phenotypic correlation  ** Sigmificant at 1%level *Significant at 5% level

.8
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genotypic correlation but highly sigmficant phenotypic correlation with number of

roots (0 025 0 630)

Dry root weight extibited maximum significant positive correlation both at
genotypic and phenotypic levels with number of roots (1 086 0 742) followed by total
biomass (0 839 0 780) number of leaves (0 674 0 302) and root gurth (0 314 0 316)
plant height (0 360) It had sigmficant positive phenotypic correlation with number of
branches per plant (0 263) and leaf breadth (0309) The dry root weight exhibrted
sigruficant posttive genotypic correlation with plant height (0 359) and leaf length
(0 700) but insignificant negative genotypic correlation with leaf breadth ( 0 003)

4 2 7 Path coefficient analysis

Genotypic correlations of all the characters with plumbagm content were further
partitioned into direct and indirect effects utilising path coefficient analysis The result
of path a1alysis of various characters 1s presented 1n the Table 20 The values present

on the diagonal are the direct effects and the residual effect 1s 0 5430

An examnation of the path coefficient analysis at genotypic level showed that
the highest positive direct effect on plumbagm content was exhibited by number of
leaves per plant (1 040) followed by leaf breadth (0 808) and leaf length (0 491) The
highest negative direct effect on plumbagin content was exhibited by plant height (
0 785) followed by number of branches per plant ( 0 738) and mnternode length (
0417) The negative direct contributions of these characters are also indicated by their
significant negative genotypic correlation with plumbagin content Among the
biometric traits dry root weight exerted high positive direct effect (0352) on
plumbag n content It also exlibited sigmficant positive genotypic correlation The
highest negative direct effect on plumbagin content was exhibited by number of roots
(0555) followed by root girth ( 0457) Total biomass exhibited negligible direct

effect on plumbagin

The indirect effects of all the ten characters on plumbagin content through other
component traits were also examined Number of branches per plant had high
negative mdirect effect on plumbagin content through plant height ( 0 730) and

moderate negative indirect effect through internode length ( 0219) However 1ts
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indirect effect through number of leaves (0 819) was high and positive The number

of branches had negligible indirect effect on plumbagin content though all other traits

Plant height exhibited negattve indirect influence on plumbagin through number
of branches ( 0 686) internode length ( 0291) and number of roots ( 0 208) It had
very high positive indirect effect and a moderate positive mdirect effect through
number of leaves (0 811) and leaf length (0208) respectively Similar positive
indirect contribution was made by internode length through number of leaves (0 745)
and leaf length (0280) Internode length also exerted negative indirect effect on
plumbagin content through number of branches ( 0387) and plant height ( 0 548)
Both plant height and internode length extubited low to neglgle positive indirect
effects on plumbagin content through root girth and total biomass respectively Plant
height had positive indirect influence through dry weight whereas internode length
had negative and very negligible indirect mfluence through the same on plumbagin

content

The genotypic correlation of number leaves with plumbagin content was
negative contrary to its very high positive direct effect The high negative indirect
effects through number of branches ( 0 595) plant height ( 0 612) and number of
roots ( 0425) had resulted 1n its negative comelation with plumbagin content
However number leaves had moderate but positive indirect influence through leaf

length (0 225) and dry root weight (0 237)

The leaf characters such as leaf length and breadth exhibited considerable
posit ve direct influence on plumbagm content but insignificant positive genotypic
correlation with plumbagin content Leaf length had exerted negative indirect
influence through most of the character such as number of branches ( 0 120) plant
height ( 0 325) 1nternode length ( 0238) leaf breadth ( 0 003) number of roots (
0211) and root girth ( 0362) It had exhubited high positive indirect effect through
number of leaves alone (0 476) whereas 1ts positive mdirect effect through dry root
weight (0 246) was moderate Leaf breadth had exhibited negative indirect influence
on plumbagin content through plant height ( 0 368) number of leaves ( 0 550) and
dry root weight ( 0 269) as opposed to leaf length Even though 1t had high positive



Table 20 Direct and indirect effects of various morphological and biometric traits on plumbagin content

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 (G)

X1 0738 0730 0219 | 0839 0080 0001 0087 | 0194 0050 0062 0 550%*
X2 0686 0785 0291 03811 0208 0001 0208 | 0130 0057 0126 0 639%*
X3 0387 0548 0417 | 0745 0280 0001 0042 { 0122 0022 0030 0255*
X4 0595 0612 0299 | 1040 0225 0002 0425 | 0110 0078 0237 0235%
X5 0120 0325 0238 |} 0476 0491 0003 0211 0362 | 0056 0246 0011
X6 0105 0368 | 0070 0550 0449 | 0808 0318 0457 0069 0269 0053
X7 0116 0288 0031 0797 0187 0002 0 555 0031 0064 0382 0 407**
X8 0343 0245 0122 0295 | 0426 0003 0042 0417 | 0026 0111 0517
X9 0470 0573 0116 | 1035 0352 0003 0457 0137 | 0078 0295 0004
X10 0130 0280 | 0035 0701 0344 0002 0603 0131 0065 0352 0 350**

Bold figures on the diagonal indicate direct effects residual =0 5430 r(G) Genotypic correlation with plumbagin content X1

No of branches X 2 Plant height X3 Internodal length X 4 No of leaves
X8 Root girth X9 Total biomass X10 Dry root wetght

of roots

X5 Leaflength X6 Leaf breadth

X7 No

a1

06
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mndirect effect on plumbagin content through number of roots (0 318) and root girth
(0 457) these were cancelled by the lugh negative indirect effects through leaf length
( 0 449) and internode length ( 0 328)

The biometric characters such as number of roots and root girth exhibited
significant positive genotypic correlation with plumbagin content 1n contrast to very
high negative direct effect on plumbagin content The very high and positive indirect
effects of number of roots through number of leaves (0 797) and dry root weight
(0382) on plumbagin content had resulted mn 1ts positive sigmficant genotypic
correlation with plumbagin content In contrast to number of roots root girth had
exhibited hugh positive mdirect effects through number of branches (0 343) and leaf
length (0 426) and a moderate indirect effect through mternode length (0 245) which
contributed to 1ts sigmificant genotypic correlation with plumbagm content The

indirect contribution of root girth through number of leaves was negative ( 0 295)

Among all the traits total biomass had exhibited the maximum indirect effect
on plumbagin content through number of leaves (1 035) and leaf length (0 352)
However these positive indirect effects were negated by the high negative mdirect
effects through number of branches ( 0 470) plant height ( 0 573) and leaf breadth (
0 003) resulting 1n an nsignificant genotypic correlation with plumbagm content The
dry root weight also had exerted a very high and positive mdirect influence through
number of leaves (0 744) and leaf length (0 344) Even though the indirect effects
through number of branches ( 0 130) plant height  ( 0280) number of roots (
0 603) and root girth ( 0 131) were negative the high and positive direct inftuence of
dry root weight on plumbagin content resulted m their significant positive genotypic

correlation

4 2 8 Cluster analysis

Twelve characters were included for this analysis Based on the relative
magmtude of D? values twenty s1x Plumbago accessions were grouped into seven
clusters The D? values computed for twenty six Plumbago accessions are presented
i Table 21 The D? value computed varied from 12 38 to 354 98 showing high

divergence among accessions The clustering pattern revealed that cluster VI was the
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largest consisting of five accessions which were indigenous to varied ecogeographical

regions The cluster V was the smallest with two accessions

Table 21 Inter and Intra cluster distances of 26 accessions of Plumbago species

Cluster | Cluster | Cluster | Cluster | Cluster | Cluster { Cluster
I I 11T v \' \% VII

Cluster I 1811

ClusterIl | 15871 | 1475

Cluster III | 15758 | 261 36 | 28 97
Cluster IV | 5636 | 10089 | 11832 | 1238

Cluster V. | 21195 | 6324 | 35498 | 15349 1728

Cluster VI | 13639 | 20845 | 4795 | 7408 | 25731 | 2786

ClusterVII | 14684 | 7536 {15136 | 5210 939 9003 | 3673
Average intra d—26 27 No of clusters 7 No of iterations 2

The remaining clusters viz cluster I Il III and IV had four accessions each and
cluster VII had three accessions The nter cluster distance was found to be more than
intra cluster distance The values on the diagonal represent intra cluster distances The
maximum 1nter cluster distance was between cluster V and cluster IIl (D> 354 98)
and the mimimum 1nter cluster was between cluster VII and cluster IV (D* 52 10)
The maximum intra cluster distance was observed m cluster VII indicating h gh

variability existing among the accesstons of this cluster

The clustering pattern of the twenty six accessions of Plumbago species 1s gtven
i Table 22 As seen 1n the table instead of forming a separate cluster the species
Plumbago zeylanica got grouped 1n cluster II along with the accessions of Plumbago
1osea 1t was noted that genotype habituating the same location were grouped into

different clusters

Of the seven accessions of Plumbagoe rosea belonging to Thrissur district three
accessions viz IC 566499 IC 566508 and IC 566523 were grouped into cluster VI
two accessions IC 566507 and IC 566513 got grouped into cluster IV and the
remaining two accessions IC 566512 and IC 566514 were grouped mnto different

clusters such as cluster VII and cluster III respectively In general accessions
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belonging to different regions were grouped m the same cluster and accessions

belonging to the same region were grouped n different clusters

Table 22 Clustering pattern of 26 Plumbago accessions

Cluster

Number of genotypes
included 1n each cluster

Accession numbers along with their
district of collection

IC 566501(Wayanad)

IC 566504(Wayanad)

IC 566519(Palakkad)

IC 566522(1dukki)

I

IC 566500(Wayanad)

IC 566515(Palakkad)

IC 566518(Malappuram)

P 26(Thrissur)

1II

IC 566502(Malappuram)

IC 566505(Wayanad)

IC 566514(Thrissur)

IC 566520(Idukki)

v

IC 566507(Thrissur)

IC 566510(Malappuram)

IC 566513(Thrissur)

IC 566516(Palakkad)

IC 566503(Kozhikode)

IC 566521(1dukki)

VI

IC 566499(Thrissur)

IC_566508(Thrissur)

IC 566511(Malappuram)

IC 566517 (Palakkad)

IC 566523(Thrissur)

VII

IC 566506(Wayanad)

IC 566509(Malappuram)

IC 566512(Thrissur)

42 8 1 Cluster means

The cluster mean values for the twelve characters are presented in Table 23

From the table 1t 1s seen that cluster II recorded highest mean values of 31 83 and

106 11 for number of branches and plant height and the cluster VI recorded lowest

mean values of 14 27 and 79 82 for these characters For internodal length cluster I

recorded highest mean value (8 42) followed by cluster IV (7 42)



Table 23 Cluster mean values of eleven characters of 26 Plumbago accessions

Cluser | o of || memocst| o of |8 o 0 o] G Vg || ot
(cm) (cm) (em) | (8 ® (® (%)
Cluster I 2425 103 06 8§42 33942 839 476 |1992| 238 [ 41000 | 15250 5183 283
Cluster 11 3183 10611 647 289 58 695 436 |1550( 229 | 30833 | 10000 | 3633 234
Cluster III 19 42 9370 658 264 50 705 402 (2042 207 {31167 13417 | 4308 22>
Cluster IV 1933 8505 742 22725 789 427 [2025| 265 [ 32500 | 15084 4750 336
Cluster V 2300 9795 634 259 67 814 505 | 2500 268 | 43000 | 19167 | 5900 288
Cluster VI 1427 79 82 608 213 60 732 432 |1960| 233 | 30200 | 14400 4293 327
ClusterVII | 14 89 9817 633 172 00 8 04 462 |1322] 249 | 23556 | 9333 2833 285

o

r6
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The cluster VI again recorded lowest mean value (6 08) for this character also Cluster
I recorded highest mean value of 33942 for number of leaves per plant and leaf
length (8 59) Cluster V recorded the highest value of 5 05 and cluster III recorded
lowest value (4 02) for leaf breadth

Among the six biometric traits studied cluster V recorded highest mean values
for five characters It recorded highest mean value for number of roots (25 00) root
girth (2 68) total biomass (430 00) fresh root weight (191 67) and dry root weight
(59 00) Cluster VII recorded the lowest value mean values for four biometric traits
viz number of roots (13 22) total biomass (302 00) and dry root weight (28 33)
Cluster III recorded lowest value for root girth (2 07) For plumbagin content the
cluster IV recorded the maximum value (3 36) and cluster II recorded mimnimum value

(234)

4 2 8 2 Ranking of genotypes 1n clusters

The accessions 1n each cluster were evaluated on the basis of two yeld
characters viz dry root weight and plumbagin content (Table 24) These were sorted
1 the descending order for each of these characters and assigned ranks in that order
The mean rank obtained by each accession was calculated which helped to 1dentify
the overall best yielder 1n each cluster In cluster I the accessions IC 566519 and IC
566522 ranked first In cluster II the accessions IC 566515 and IC 566518 ranked
first The accession IC 566514 ranked first m the cluster III In cluster IV the
accession IC 566516 ranked first In cluster V both the accessions IC 566503 and IC
566521 had the same rank In cluster VI the accession IC 566508 ranked first based
on the overall mean for two characters In cluster VII the accession IC 566506 ranked
first based on the overall mean for the two yield attributes Three accessions viz IC
566503 IC 566508 and IC 566514 from the clusters V VI and III respectively were
selected based on their superior ranking These three clusters also had maximum
mter cluster distance showing maximum divergence The three selected accesstons
were carned over to experiment three for inducing vanabihity Besides the lone
accession of P zeylanica belonging to cluster II was also selected for induction of

variability

35
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Table 24 Ranking of Plumbago accessions m each cluster based on yield

attributes
Plumbagm | Dry root Plumbagin | Overall
Cluster I Dry Root wt (g) content ggo %) wtryr ank C(:-;tj(nt Ta;aﬁ
IC 566501 3733 214 4 4 4
IC 566504 43 67 275 3 3 3
IC 566519 57 67 343 2 1 15
1C 566522 68 67 302 1 2 15
Cluster IT
1C 566500 17 33 199 4 3 35
IC 566515 4633 2 81 1 2 15
IC 566518 43 67 368 2 1 15
P 26 P zeylanica 38 00 087 3 4 35
Cluster 111
IC 566502 46 00 262 2 4 30
IC 566505 4500 270 3 3 30
IC 566514 46 00 411 1 1 10
1IC 566520 3533 350 4 2 30
Cluster IV
IC 566507 5100 275 1 4 25
IC 566510 45 67 346 2 2 20
IC 566513 4500 337 3 3 30
1C 566516 4833 387 4 1 25
Cluster V
IC 566503 60 67 279 1 2 15
IC 566521 5733 297 2 1 15
Cluster VI
IC 566499 42 00 265 3 4 35
IC 566508 59 00 462 i 1 10
IC 566511 2333 379 5 2 35
IC 566517 55 00 239 2 5 35
IC 566523 3533 289 4 3 35
Cluster VII
IC 566506 3767 2 88 1 3 20
IC 566509 22 00 241 3 2 25
IC 566512 2533 327 2 1 15
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4 2 9 Floral morphology
4 2 9 1 Inflorescence characters

Inflorescence 1s a spike in both species of Plumbago studied The inflorescence
charactenistics 1 the two species (Table 25) clearly showed that these differed with
respect to flowering time length of inflorescence and number of flowers per
mflorescence In Plumbago rosea flowering 1s seasonal from October to February
with peak pertod being December January The flowerning is continuous 1n Plumbago

zeylanica usually commencing from October with no clear cut peak

The mean values of inflorescence chaiacters are presented in Table 26 The P
zeylanica genotype had the maximum number of floral branches (44 7) Among the P
tosea genotypes IC 566522 recorded maximum number of floral branches (29) and
IC 566511 the lowest (2) The length of inflorescence in P zeylanica was 8 7 cm It
ranged between 85 and 379 cm among P rosea genotypes IC 566510 and IC
566513 respectively The P rosea genotype recorded a mean number of 36 flowers
per nflorescence with IC 566513 recording maximum of 73 and IC 566499
recording a muumum of 11 3 flowers per inflorescence The P zeylamica genotype

recorded a mean of 19 3 flowers per inflorescence

In Plumbago osea the number of days taken for the opening of first flower bud
after visual emergence ranged from 8 to 13 In P zeylamica mne days were required
for opeming of first flower bud 1 an inflorescence after its visual emergence The
mmber of days for the completion of anthesis 1 an mflorescence ranged between
150 and 45 0 1n the P rosea genotypes The P zeylamca genotype took 19 6 days to

complete anthesis 1n an mflorescence

Floral characters

The floral morphology of the two species of Plumbago 1s presented 1n Table 25
There exists a marked difference among the two species of Plumbago for various
characters The individual flowers in both the species are complete bisexual and
subtended by a bract and two bracteoles The bracts are larger than bracteoles m P
zeylanmica and of equal size n P rosea The bracts and bracteoles are covered with

sticky glandular hairs

97



96

Table25 Inflorescence and floral characters of Plumbago rosea and Plumbago

zeylanica
Character P rosea P zeylanica
Flowering Seasonal Continuous
Inflorescence type Spike Spike
Position of inflorescence Terminal Termunal/axillary
Length of inflorescence (cm) | 229 118
Number of floral branches 118 447
Number of flowers 36 196 T
/inflorescence
Days for opening of 1 flower | 111 93
in an 1nflorescence
Days for completion of 262 196
flowering 1n an inflorescence
Sequence of flower opening Acropetal Acropetal
Flower colour Scarlet red White
Flower type Sessile Sessile
Colour of bract Reddish green Green
Colour of bracteole Reddish green Green
Number of bracteoles/flower | 2 2
Colour of calyx Red Green
Number of sepals 5 5
Nature of sepals Gamosepalous sticky Gamosepalous sticky ar d
and hairy hairy
Length of calyx (cm) 08 10
Colour of corolla Scarlet red White
Aestivat on Valvate Valvate
Length of corolla tube (cm) 28 23
Length of stamen 29 22
Attachment of anther Dorsifixed Dorsifixed
Structure of stamen Filantherous Filantherous
Colour of anther Red Purple
Type of stamen Ep petalous Epipetalous
Ovary Superior monocarpellary | Superior monocarpellary
unilocular untlocular
Placentatton Basal Basal
Type of style Fimbricate Terete
Length of style (cm) 20 22
Type of stigma Pentaf'd Pentafid
Fruit type No fruit set Dry dehiscent fruit
enclosed 1n pers stent calyx
Seed type Brown oval seeds with
one end peinted




Table 26 Mean 1 erformance of 26 accessions of Plur bago species for mflorescence and floral characters

No of Lengtt of No of buds Days for open ng of | Days for complet on | Legth of | Length | Length of |Length of]
Access on No floral Inflorescence frst flower nan of anthes s per corolla | of calyx| stamen style
branches {cm) inflorescence nflorescence nflorescence tube(cm)| {cm) (cm) {cm
1C 566499 33 185 113 80 150 26 08 27 19
IC 566500 73 370 597 130 350 27 08 29 29
IC 566501 43 237 380 123 300 28 08 29 22
1C 566502 43 153 223 117 300 27 08 29 17
IC 566503 70 181 153 §0 150 28 08 30 20
1C 566504 187 258 49 7 130 26 7 29 08 30 21
IC 566505 180 325 583 130 300 30 09 30 18
1C 566506 123 324 66 7 130 400 30 08 31 1%
IC 566507 123 227 317 120 250 30 08 30 17
IC 566508 16 0 272 527 127 300 25 08 28 18
IC 566509 53 150 150 87 183 26 07 28 18
1C 566510 57 85 130 80 150 28 07 29 19
IC 566511 290 102 127 80 150 25 038 27 20
IC 566512 180 18 8§ 170 90 16 7 238 09 29 19
IC 566513 10 3 379 730 130 450 26 07 28 18
IC 566514 67 122 167 120 300 30 08 31 22
IC 566515 177 150 410 120 333 29 07 30 290
IC 566516 107 290 157 100 150 29 07 31 20
IC 566517 103 295 310 97 250 31 07 29 21
IC 566518 180 223 430 127 317 28 07 29 19
IC 566519 110 110 16 0 87 150 30 08 31 20
IC 566520 170 270 517 127 300 79 08 29 19
IC 566521 120 293 633 127 400 27 07 29 18
IC 566522 290 300 437 123 300 29 08 30 21
1C 566523 173 228 407 123 200 25 09 28 17
Mean( P _rosea) 118 229 360 111 262 28 08 29 19
Mean(Acc no 26 P zeylan ca) 447 87 193 93 196 23 10 22 22
Mean 131 223 353 111 257 28 08 29 19
SE +4 73 x4 1 + 05 £0 4 +3 34 +0 08 +0 03 +0 06 +0 04
CD 005 134 116 14 86 114 949 024 009 018 013
CV(%) 626 318 515 63 225 53 7 37 38

bb

66
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The mean values for the size of corolla calyx stamen and style are presented 1n
Table 26 The corolla 1n both species forms a slender long tube which 1s larger than
calyx At the end of corolla tube the corolla lobes are free rotate roundish and
toothed The androectum of both the species consists of five stamens that are
hypogynous The filaments are as long as corolla and connate at base into a lobed
nectar secreting disc
The anthers are exerted beyond the throat of corolla tube and they dehisce
longitudmally 1n both the species The gynoectum of both species 1s monocarpellary
and superior In P rosea the style 1s short compared to P zeylamca The stigma of P
rosea 15 deeply seated mside the corolla tube and the anthers and stigma are held at
two levels hindering self pollination However 1n case of P zeylanica the style 1s held

at a same or higher level than that of anther

4 2 10 Floral Biology
4210 1 Anthesis

A preliminary study revealed that there was no flower opening between 4p m
and 4 am Hence hourly observations on flower opening were taken from 4am to
4p m The percentage of flower opening 1n the two species of Plumbago at periodic
intervals are presented in Table 27 As seen from the table m P 70sea anthesis
started before 7 am and reached a peak at 8 am and declined after 9 am In P
zeylamca the anthesis started before 5 am and 1t reached a peak between 6 am and 7

am The anthesis was found to decline after 8am

42 10 2 Time of anther dehiscence and stigma receptivity

Fully mature flower buds in the two species of Plumbago were observed for
anther dehiscence and stigma receptivity at periodic intervals It was found that only
i Plumbago zeylanica the anther dehiscence comcides with stigma receptivity In
Plumbago rosea the anther delusces three hours after opening of the flower whereas
the stigma 1s receptive one hour after opemng of the flower The stigma 1s receptive
only for half an hour in both the species (Table 28) It was also observed that the

pollen grams were easily carried off by wind soon after anthesis 1n the two species
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Table 27 Time of anthesis m Plumbago species

101

Time Number of flower buds Per cent flowers opened
observed*

P rosea | P zeylamica P rosea | P zeylanica
4amtoSam 00 32
S5amto6am 00 100
6am to7am 31 500
7am to8am 48 8 290
8§am to%am 317 52
9am tol10am 16 4 26
l0am tollam % 85 00 00
11a m to 12 noon 00 00
12 noon tol pm 00 00
Ilpmto2pm 00 00
2pm to3pm 00 00
3pm to4pm 00 00

* Number of inflorescence 30

Table 28 Time of anther dehiscence and stigma receptivity m Plumbago species

Duration of

flower opening

Time of anther Starting tume of
Species stigma receptivity
dehiscence stigma receptivity
(munutes)

3 hours after flower | 1 hour after flower

P rosea 30

opening opening
P zeylanica Corncides with Comcides with 30

flower opemng

42 10 3 Pollen morphelogy fertiity and viabihity

The morphology of pollen collected from fully mature flower buds were

studied 1n the two species of Plumbago using acetocarmine staining technique

which revealed the following results (Table 29) The pollen grams were spherical and

tricolpate 1n both the species The per cent pollen fertility was higher in P zeylanica
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(94) thann P rosea (89 ) The viability of the pollen of the two species of Plumbago
was assessed under i vitro and mn vivo conditions

Table 29 Pollen morphology, fertility and viability 1n Plumbago species

Germimnation 1n
Pollen
Species fertility P}(illen Pollen sucrose medium
%) shape type
20% | 40% | 60%
P rosea 890 Spherical | Tricolpate | 00 00 | 00
P 940 Spherical | Tricolpate | 00 | 00 | 00
zeylanica

1) In vitro studies

Pollen germination was tried m the two species of Plumbago using three
different concentrations of sucrose However no germination occurred in the three

concentrations of sucrose under n vitro conditions

u) In vive pollmation studies

Artificial pollination was attempted withun as well as between the two species of
Plumbago The examination of pistils excised after 24 and 48 hours of pollmation
under a compound microscope revealed that there was high adhesion of pollens of
both the species on the stigma of P zeylamca However very little pollen adhered to

the stigina of P rosea

The data on fruit set m artificially cross pollinated flowers after 24 48 72 and
96 hours of cross pollnation are furmshed in Table 30 The results showed that in
crosses among P rosea the calyx was retamned only up to 72 hours Only m P
zeylanica the flowers were retamned up to 96 hours Even though there was 8 per cent
fruit set mn the P zeylanica when pollinated with pollen from P rosea the seeds were
not fully developed

Percentage of fruit set under natural conditions of selfing and open pollination
was studied in the two species of Plumbago Results are presented in Table 31
Among the two species only P zeylamica extubited fruit set under selfing and open

pollinated conditions
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Table 30 Artificial cross pollnation in Plumbago species
Number | Percent of flowers retamed after F
ruit
c of pollination set
rosses flowers | 24 48 72 % | %
crossed | hows | hours | hours | hours
P roseax P rosea 96 48 36 58 146 0 0
P roseax P zeylanica 50 68 1875 125 0 0
P zeylanicax P rosea 25 92 8 8 8 8

Table 31 Frut set under natural pollination i Plumbago species

Fruit set (%)
Species
Selfing Open pollination
P rosea 0 0
P zeylamca 40 70

43 Induction of variability through i vifro regeneration and mutagenesis of

Plumbago Species

After assessing the varability m accessions of Plumbago species the

invest gation proceeded towards inducing vanability 1n three selected accessions of

Plumbago 10sea and one accession of Plumbago zeylamca The experiment was

conducted 1n two phases The first phase consisted of standard zation of i vitro

regenerat on and the second phase i vif 0 mutagenesis The detailed results of the

two phases are presented under the heads

1) Standardisation of 1 vifr 0 regeneration 1 Plumbago species

11) In vifro mutagenesis

4 3 1 Standardisation of iz vifro regeneration in Plumbago species

4311 Surface sterilization

All plant materials used for culture are treated with an approprnate sterilisation

agent to 1nactivate the microbes present on thewr surface The effects of the surface
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sternlization treatments on culture contamination 1 Plumbago are presented m Table
32 There was difference between response of leaf disc and the nodal as well as stem
segments to surface sterilization treatment The leaf discs were less susceptible to
contamunation There was high bacternial contamination wmn the nodal and stem
segments The surface stertlisation was effective only against fungal contamination
the nodal as well as stem segments There was no bacterial contamination m leaf
discs In leaf discs the most effective sterilisation was achieved by the combinat on
treatment of 70 per cent alcohol for two minutes followed by soaking 1n 0 2 per cent
HgCl; for two munutes where the percentage of live cultures was 90 and no cultures
were contaminated In nodal and stem segments the same combmation of ethyl
alcohol and HgCly gave good results However there was contamination m 20 per

cent cultures

Increasing the time of soaking or the concentration of the sterilant adversely
affected the survival of the explants The explants did not survive in higher
concentration of the sterilant at a longer period of sterilisation Soaking the explant 1n
any chemical for more than five minutes was not desirable It resulted 1n the browning
and death of the explants Even though higher concentration of the chemical sterilants
fully controlled the contamimation 1t affected the survival of the explants as well
None of the explants survived m the treatment 0 2 percent HgCl, beyond 3 minutes
and beyond six mmutes 1n 0 1 per cent HgCl, There was no survival of explants in

100 per cent or 90 per cent ethyl alcohol for 2 minutes

4312 Standardisation of eaplants with medium supplements for culture

mitiation

The effect of basal MS medmum with different supplements on the culture
establishment of the three explants of P rosea and P zeylanica 1s presented in Table
33 The results showed that only nodal segments responded in P zeylamica The
leaves and nodal segments of P rosea responded in the MS medium There was a
difference 1n the response of leaf in dark and light conditions 1n case of P rosea The
leaf discs of P rosea showed direct generation of shoot in 16 hours photoperiod
conditions whereas 1 complete darkness 1t showed callusing i T15 contaiming TDZ

Both the species of Plumbagoe did not show any response 1n all the treatments from T1



Table 32 Effect of surface sterilants on culture establishment of different explants of Plumbago species

Contamination Uncontam:nated Contamination Uncontaminated
cultures (Nodal &
Concentration | Duration (%) cultures (leaf disc) (%)

Sterilant stem segment)

(%) (minutes)
Leaf disc Dead Live Nodal & stem Dead Live (%)
(%) (%) segment (%)

01 2 10 20 70 40 10 50

01 4 Nil 40 60 30 10 60

HeCl, 01 6 Nil 50 50 10 30 60

01 8 Nil 100 Nl Nil 100 Nil

01 10 Nil 100 Nil Nil 100 Nil

02 1 10 30 60 20 20 60

02 2 Nil 20 80 20 10 70

HgCl, 02 3 Nil 50 50 Nil 50 50

02 4 Nil 100 Nil Nil 100 Nil

02 5 Nil 100 Nil Nil 100 Nil

Ethyl 100 2 Nil 100 Nil Nil 100 Nil

Alcoﬁo] 90 2 Nil 100 Nl Nl 100 NIl

70 2 40 30 30 60 20 20

70 01 24 10 30 60 20 20 60

Ethyl 70 01 26 Nil 50 50 Nil 40 60

Alcohz’] @ 70 01 28 Nil 100 Nil Nil 50 50

HeCl 70 02 21 10 10 80 30 10 60

z 70 02 22 Nil 10 90 20 10 70

70 02 23 Nil 40 60 Nil 40 60

GOt

g al



Table 33 Standardisat on of explants w th d fferent comb nat ons of gro vth regulators for culture establ shment in Plu  bago spec es

Cultures respond ng

No of days fo

Type of response n 16 hour

Type of esponse n

o Y
T catmen Med um Exp an ) culure n a on pho ope od comple e darkness
P rosea | P zeylancua | P osea P P osea P zeyanca P osea | P zeylanca
eya ca
Tl MS+BA10mg +NAA1Omg Nodal segment N1 NI Nl N1 Nl N1
Stem segment Nl N N1 N N N1
Leafd sc N1 Nl N1 N1 N1 N1
T2 MS+BA20mg +NAAOSmgl | Noda segment NI Nl N1 N N N1
Stem segment N1 N1 N N1 Nl N1
Leafd sc N Nl N1 NI N N
T3 MS+BA25mgl +NAA15mgl | Nodal segment 70 N1 10 Mult p e shoo NIl Nl N1
S cm segmen Nl hi NI N1 N N
Leafd sc N1 N N1 NI NI NI
T4 MS+24D10mgl +Kn05mgl | Nodal scgment Nl N1 N1 N N NI
Stem segment N1 Nl N N1 N N
Leafd sc N N1 NI N N1 NI
T5 MS+24D20mgl +tKn10mgl Noda segment N1 Nl N N! N Nl
S em segment N| Nl N1 NI NI Ni
Leafd sc N1 N N1 Nl N N
Té MS+24D30mg +Kn20mgl | Nodal scgmen N1 N1 N N1 N1 N
S em segment NI Nl N1 N N1 N1
Leafd sc N1 N1 N1 Nl N N
T7 MS+BA10mgl +Ads25mgl Nodal segment 80 30 7 5 Mu ple shoot | Mutp e shoot N1 N1
S em segment NIl N1 N N1 N N
Leafd sc N N N1 N Nl N1

901



Cu tures respond ng

No of days fo

Type of response n 16 hour

Type of response n

T ea ment Med um Exp ant 0o)* culue nt aton _photoper od complete darkness
P osea |P zeyanca | P osea zey ;: n ca P osea P zeylan ca P oea | P zeylanca
T8 MS+BA10mgl + Ads50mg Nodal segment 100 100 7 5 Mul ple shoot | Mu ¢ p e shoot NI N1
S em segmen N1 N N NI N1
Leaf d sc N1 N1 N1 Nl NI
T9 MS+TDZ 001 mg Nodal segment N1 Nl NI N1 N1
Stem segmen Nl N | N1 N1 N1
Leafd sc N1 Nl NI N NI
T10 MS+TDZ 003 mg]l Nodal segment N1 N Ni NI Nl
S em segment N1 N1 N1 Ni N
Leafd sc N1 N1 Nl N1 Nl
Til MS+TDZ 005 mg Nodal segment N Nl N NI N
Stem segmen Nl Nl N1 N N|
Leafd sc N1 N1 Nl N1 N1
T12 MS+TDZ 0 07 mg | Nodat segment N N1 N Ni N
Stem segment N1 N N1 N1 NI
Leaf'd sc N1 Nl NI N1 N
T13 MS+TDZ 0 Img Noda segmen N1 NI N1 Nl N1
Stem segment N1 N! NI N N1
Leafd sc N NI N1 NI N
T14 MS+TDZ 0 Smgl Noda scgn ent N1 Nl N1 N1 N1
S em scgment N1l N NI N N N1
Leafd sc N1 N1 N1 N1 N1 N1
TIs MS+TDZ 1 0mg] Noda segmen 60 50 14 10 Mu t ple shoot | Mult ple shoot N1 N1
S em segment Nl N N Nl NI NI
Leafd sc N1 100 21 N1 Mul p e shoot N Calusn N1

*No ofcul ures 10

L0t

L9l
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to T6 having auxin cytokinin combimations except T3 In T3 contaming BA (2 5mgl
'y and NAA (1 5 mgl 1Y only the nodal segments of P rosea responded with 70 per
cent of the cultures showing direct shoot induction 1n 10 days The nodal segments of
both P rosea and P zeylanica showed maxumum response 1n the T7 (80 per cent) and
T8 (100 per cent) containmg adenine sulphate a cytokimn synergist It took only 5
days for culture mnitiation i nodal segments P zeylantca and 7 days i P rosea The
treatment T8 was considered best for direct regeneration 1n the nodal segments of
both P rosea and P zeylamica Hence this treatment was carried forward for direct
regeneration Nodal segment was 1dentified as the explant for direct regeneration
Leaf disc was considered as best explant for callus induction The treatment T15 was
considered best for callus mediated organogenesis 1n P rosea  and hence was

carried over for further studies

43 2 Direct regeneration

Detailed studies were conducted to standardise a protocol for m witio
regeneration through direct organogenesis i Plumbago species The treatment T8
consisting of BA (1 0 mgl l) and Ads (500 mg! l) was 1dentified as the best medium
for culture 1mtiation Thus treatment was repeated with  the nodal segments of P
rosea and P zeylamica which  showed shoot initiation within one week of
moculation The cultures were observed for contamination In both the species there
was 70 percent survival The surviving cultures were subcultured to multiplication
medium after two to three weeks growth 1n culture mutiation medium The cytokimn
BA was used for shoot proliferation and sl oot elongation and the auxin IBA for root

development studies The results of the studies are as follows

43 2 1 Effect of medmum supplements on shoot multiplication

The effects of vanous levels of BA on shoot multiplication are presented n
Table 34 There was no sigmificant effect on shoot multiplication 1n P zeylanica
cultures for all the treatment combinations Hence 1n this table shoot multiplication
i nodal cultures of P 10sea 1s presented There was no shoot proliferation in the
treatments T20 and T21 used for culture multiplication Only one axillary shoot
sprouted 1n these media combinations In T20 consisting Ads (50 mg 1) about 50 per

cent cultures produced at least two shoots In the treatment T17 maximum cultures
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(90 per cent) showed proliferation In all the treatments 1t took 45 days for shoot
proliferation There were significant differences among the treatments for the number
of shoots produced per explant The treatments T17 and T18 were at par producing
maximum mean number of multiple shoots of 3 0 and 2 8 respectively There were no
significant differences among the treatments for the average length of shoot produced
per explant The mean length of the shoots induced ranged from 1 14 cm n T 16 to
136 ¢cm 1in T19 The treatment T17 consisting of 2 0 mg 1 ' BA m half strength MS
medium producing an average of 3 0 shoots per culture was 1dentified as the best

medium for multiplication of shoots i the nodal segments of P rosea

4 3 2 2 Cffect of media supplements on shoot elongation

The results of second subculture 1n elongation medium are presented 1 Table
35 The shoots obtamned from all the treatments after culture proliferation were
transferred to elongation medium The elongation media consisted of the same
treatment combinations used for multiplication There was no significant effect on
shoot elongation 1n P zeylanica cuttures for all the treatment combinations However
there were sigmuficant differences among the treatments for shoot elongation i the
cultures of P rosea The maximum increase in shoot length (4 50 cm) was observed
i the treatment T19 followed by T18 (2 96 cm) The number of days required for
shoot elongation was 30 The shoots did not show much increase m length 1n rest of
the treatment combinations There was also an increase tn the number of leaves
produced per shoot 1n the treatments T18 and T19 The treatment T19 consisting of
BA (4 0 mg 1') mn basal MS medum was 1dentified as the best medum for shoot

elongation

4 3 2 3 Effect of media supplements on root mmduction

As seen from Table 36 P zeylanica did not show rooting in any of the
treatments There was no root induction in P rosea 1n the treatment T22 having a low
concentration of IBA and T26 without any growth regulators Three treatments wz
T23 T24 and T25 induced rooting m 90 per cent of the cultures There were
significant differences among the three treatments for root length The treatment T25

consisting of 1 5 mg 1! IBA showed maximum root length All the P rosea cultures



Table 34 Effect of different concentratons of cytokinin BA on multiple shoot induction from nodal segments in Plumbago species

Cultures show ng shoot proliferat on Days for No of
Treatment Medium (%)* shoot mult ple shoots| Length of shoots n
rol ferat on 1st subculture 1st subculture

P rosea P zeylanica P (P rosea) (P rosea)
T16 4AMS+BA 10mgl’ 80 Nil 45 2 800 082 1 14£0 05
T17 /4AMS+BA 2 0mgl’ 90 Nil 45 3 00+0 14a 1230 09
T18 MS+BA30mg! 60 Nil 45 2 160 17b 1 14£0 06
T15 MS+BA 4 0mgl' 60 N1 45 1 5840 19¢ 136+0 10
T20 MS+BA 1 0 mg1'+Ads 25mg |’ 50 30 45 1 1520 10cd 1 1840 07
T21 MS+BAmg! + Ads50mg1’ 15 30 45 12120 11d 13620 13

Figures carrying same alphabets do not differ signif cantly at 5% level] based on DMRT
*No of cultures — 20

Table 35 Lffect of different concentratons of cytokinm BA on elongation of shoots or second subculture

Days for | Length  of
Treatment Med um Cultures show ng shoot elongat on (%)*|  shoot shoots n2nd | No of leaves per
P rosea P zeylanica elongation subculture shoot
T16 AMS+BA 10mgl 90 Nil 30 146+011d 2 43%0 14c
T17 AMS+BA20mgl' 80 Nl 30 1 79+0 10cd 207+ 007d
T18 MS+BA 3 0mgl’ 60 15 30 2 960 16b 42540 03b
T19 MS+BA 4 0 mg | ! 60 20 30 4 50£0 17a 59240 31a
T20 | MS+BA 1 0mg!l + Ads 25mg [ N1 Nil 30 2 00+0 22¢ 2 500 16d
T21 MS+BAmg!l +Ads50mgl Nil Nl 30 1 800 19cd 2 10£0 1d

F gures carry ng same alphabets do not d ffer sign fcantly at 5% level based on DMRT

*No of cultures 20

0TT
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Table 36 Effect of different concentrations of auxin IBA 1n the i wifro rooting of shoots from nodal segments of Plumbago

species
Days for | Length of
Cultures rooting(%6)* Days for root|completion of]  roots
Treatment Medium P rosea P zeylanica nt ation rooting (cm)
1
T22 /2 MS+IBA 025 mgl "+ sucrose2% Nil Nl Nil Nil Nil
1
T23 /A MS+IBA 050 mgl " + sucrose2% 90 Nil 21 60 2 010 0%b
1
T24 /e MS+IBA 10 mg 1'+ sucrose3% 90 Nil 21 60 1 640 16¢
T25 AMSHBA 1 5mgl + sucrose3% 90 Nil 21 60 3 440 10a
T26 MS+ No growth regulators + sucrose3% Nil Ni Nil N Nl

Figures carrying same alphabets do not differ sigmif cantly at 5% level based on DMRT

*No of cultures 20

ITT
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started rooting 1n these three treatments 1n three weeks and took another four to five

weeks for completion

432 4 Hardeming acchmatization and establishment in field

Eighteen cultures of Plumbago rosea showed root nduction 1 60 days after
incubation 1n each of the three rooting media combinations (T23 T24 and T25) The
results of hardening are presented in Table 37 After completion of rooting 66 7 per
cent of the plantlets of T23 and 83 3 per cent plantlets in each of the treatments T24
and T25 could be transferred to sterile sand m disposable cups for primary hardening
under the laboratory conditions for four weeks The hardened plants were transferred
to polythene bags containing potting mixture A maximum of 66 7 per cent plantlets
fiom the treatments T24 and T25 survived 1 cups The plantlets in bags were placed
i net house for eight weeks for secondary hardening None of the plants in the T 23
survtved on hardening m the net house In the treatments T24 and T25 22 2 per cent
plantlets survived secondary hardening process The 1 vitro plants that had survived
the hardening treatment were planted under field conditions Along wath the m vitro
plants three month old rooted cutting of the genotype IC 566508 were planted for
comparison

4 3 2 5 Establishment 1n field

In vitr o plants from treatment T24 named as TC; and T25 named as TC, were
planted along with the rooted cuttings of IC 566508 as pot culture The data obtained
on various morphological traits and biometr ¢ fraits after harvest were subjected to

statist cal analysis and the results are presented in Tables 38 and 39

A) Morphological characters before harvest

The mean values of six morphological traits namely plant height internode
length number of branches number of leaves leaf length and leaf breadth taken at
quarterly intervals prior to harvest are given m the sub tables of Table 38 There was
no significant difference between i vitro regenerated plants (TC; and TC;) and the
conventional plants of IC 566508 for the characters such as plant height number of

branches and number of leaves during the entire period of growth However during



Table 37 Effect of hardening and acclimatisation of plantlets obtained from direct regeneration of nodal segments of Plumibago rosea

Number of Primary No of plants No
plants planted | Transfer rate | No survtved| hardening | transferred to | survived | Secondary
Treatment | Number of plants rooted 1n cups (%) after 4 weeks (%) bags m bags |harden ng (%)
T23 18 12 667 8 533 8 0 0
T24 18 15 833 8 666 8 4 222
T25 18 15 833 8 666 8 4 222

AR
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Table38 Mean performance of mn viro plants obtamned through direct
organogenesis for morphological characters

Plant Height (cm)
Genotype Season I Season II Season III Season IV
TC, 1525 24 88 3113 4075
TC, 2275 3125 5013 5850
IC 566508 3300 4550 5225 58 25
CD at 5% level NS NS NS NS
Internode length (cm)
Genotype Season I Season1l | Season III Season IV
TC 188 2 63 363 525
TCy 250 300 419 550
IC 566508 188 238 313 2 88
CD at 5% level NS NS NS 191
Number of branches
Genotype Season I Season 1] Season 111 Season IV
TC, 525 475 700 975
TC, 550 600 1075 1525
IC 566508 288 275 500 7175
CD at 5% level NS NS NS NS
Number of leaves
Genotype Season I Season II Season 111 Season IV
TC 14 00 2550 5375 7200
TC, 1725 3500 6775 121 50
IC 566508 10 50 1925 48 50 64 50
CD at 5% level NS NS NS NS
Leaf length (cm)
Genotype Season I Season II Season III Season IV
TC, 825 871 908 900
TC, 983 1125 1171 1171
IC 566508 667 846 728 775
CD at 5% level 2 84 204 229 195
Leaf breadth (cm)
Genotype Season I Season T Season III Season IV
TC, 471 483 517 515
TC, 557 6 46 667 625
IC 566508 375 358 442 450
CD at 5% level 1 64 113 107 119
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the last season of growth  the m vitro plants showed significant difference for
mternode length when compared to conventional plants The TC and TC; plants had

Ingher average mnternode length (5 25 5 50cm) than the conventional plants (2 88 cm)

There was significant difference between the conventional plants and the w
vitro plants for leaf length as well as leaf width The i vifro plants produced large
sized leaves throughout the growing period The TC, plants produced leaves of
maximum length ranging from 9 83 cm at the end of first quarter to 11 71cm at the

end of last quarter and maximum width ranging from 5 57 cm to 6 25 cm

B) Observation of biometric characters at the time of harvest

The results of the analysis of variance of the seven biometric traits namely
total biomass/fresh weight of plant number of roots per plant root length root girth
fresh root weight dry root weight and plumbagm content are presented i Table 39
The in vty 0 plants and the conventional plants did not differ sigmificantly for the root

characters such as number of roots per plant root length and root girth/thickness

Table 39 Observations at the time of harvest on biometric characters of i vitro
plants obtamed through direct organogenesis

Number | Root | Root | Total Frefh Dryt Plumbagin
Genotype | of roots | length | girth | biomass i:o ht ro: ¢ content
plant |(em) [em) @ | oS | VOB )
(8) (8
TC, 1550 4100 | 225 | 15500 65 00 2175 066
TC, 17 50 3875 | 243 | 36000 | 15000 | 4525 133
5616%08 1025 3125 [ 200 ) 11750 3750 1500 225
CSD%at NS NS NS | 17856 8186 2132 048

There was significant difference between the in vifro regenerated plants and the
conventional plants of P rosea for total biomass fresh root weight dry root weight
and plumbagin content The TC, plants produced maximum total biomass (360 0g)
fresh root weight (150 0g) and dry root weight (45 25g) The TC, plants and the
conventionally propagated plants were at par producing fresh plant weight of 1550 g
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and 117 5g respectively They were also at par for the characters fresh root weight and

dry root weight

C) Quantity and quality of plumbagin content

The conventional plants had recorded significantly higher plumbagin content
(2 25%) than 1 witro plants (TC; 1 33 % and TC, 048 %) However the qualitative
analysis of plumbagin by TLC for both 2 viro and conventional plants showed light
red fluorescent bands at Rf value 055 These bands were obtamed at the same Rf
value as that of the standard plumbagm confirming the presence of good plumbagin in

both conventional as well as i vitr o plants

433 Regeneration through callus mediated organogenesis

The best explant for callusing was found to be the leaf Leaves of P rosea
alone showed callusing 1n treatment T15 contaiming TDZ Further study was
conducted exclusively for callus induction 1n leaves of P 10sea as well as P

zeylanica The detailed result of the study 1s as follows

4331 Lffect of growth regulators on callus induction and proliferation

The effects of various media combinations to induce callusmg are given m
Table 40 The leaf discs of P zeylamica did not show callusing 1n any of the 23
treatment combinations There was callusing only m the leaf discs of P rosea
Callusing was observed m treatments T27 to T35 consisting auxins viz 2 4 D and
NAA In both half strength and full strength MS medium supplemented with NAA
there was callusing However i the treatments T36 to T40 the auxin synergist
phlorogluc nol when supplemented with NAA did not show any effect Among the
treatments supplemented with cytokinins BA and TDZ respectively only those with
TDZ (T46 to T49) could induce callusmg

Among the auxins tried for callus induction the treatment containing increasing
levels of 2 4 D induced callusing m cultures ranging from 40 per cent m T27 (1 0
mgl }) to 80 per cent T29(30 mg 1!) In treatments with increasing levels of NAA
added to full strength MS medium the percentage of callusmg ranged from 30 per cent
mn T30 (1 0mg1 )to 90 per cent nT33 (40 mg1') The treatment consisting of half
strength MS medium supplemented with NAA (T34 and T35) showed lowest
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percentage of callusing (20 0 per cent) Any level of phloroglucinol along with NAA
(0 5 mg 1 ") 1n the treatments T36 to T40 failed to induce callus

The treatments with varying levels of cytokmin BA (T41 to T45) failed to
mduce callus 1n the leaf explants of P rosea In the treatments with increasing levels
of TDZ (T46 to T49) the treatment T46 with lowest level of TDZ (1 0 mg 1 ) induced
callusmg 1n maximum cultures (90 0 percent) followed by T47 (80 per cent) The
treatment T49 containing 2 5 mg 1 ! TDZ mduced callusing 1 minimum percentage of

cultures (30 0 percent)

The maximum spread of the callus 1n the culture tubes six weeks after
incubation was observed for the treatment T33 contaming NAA (4 0 mg [ ) followed
by T48 contarming TDZ (20 mg 1" and T49 (TDZ 30 mg | ) The treatments
contatming 2 4 D (T27 T28 and T29) NAA (T34 T35) and TDZ (T47) gave the same
spread of callus The lowest spread of the callus was noted for T46 contaimng TDZ
(10mglh

Callus Index (C I) was highest (270) in medium contaimng 4 0 mg1 of NAA (T
33) Callus index 1n other media combinations varied between 40 1n T 34 and 225 m
T48 The callus morphology differed 1n the treatments contaming auxin and cytokinin
respectively The callus was sem friable to friable soft and wet 1n texture m case of
treatments combination consisting of auxins viz 24 D (T27 to T29)and NAA (T30
toT35) The treatment combmation with TDZ (T46 to T49) had induced hard and
compact callus The colour of callus 1n all the treatments with TDZ was creamy white
The colour of callus 1n treatment combmation with 2 4 D varied from white in T27 to
light green 1n T28 and T29 In treatment combinations of full strength MS medium
with NAA (T30 to T33) the colour of callus was creamy white The colour of callus
half strength MS medium with NAA (T34 and T35) was brown

On the basis of mode of regeneration the nature of callus differed 1n treatinents
contamning auxins and cytokimns respectively The callus turned rhizogemic withm
four weeks of induction m all the treatments consisting of auxm (127 to T35) The
calli produced by the treatments contaiming TDZ (T46 to T49) alone showed
regeneration when transferred medium contaiming BA The calli showed non

embryogenic regeneration turning green with shoot bud 1mitiation



Table 40 Lffect of different growth regulator combinations on callus induction from leaves of Plumb 1go rosea

Days
for Callus | Growth | - Callus Callus morphology | Nature of callus
Treatment Medium callus ng percentage | score Index
callus Six weeks after ncubation
ntaton

Translucent wet

T27 MS+24D10mgl 14 40 2 30 wh te Rh zogen c
Sem fr able wet

T28 MS+24D20mg! 14 60 2 120 soft light green Rh zogen ¢
Semifr able wet

T29 MS+24D30mg! 14 80 2 160 soft light green Rhizogenic
Fr able wet soft

T30 MS+NAA 1 O0mgl 7 30 3 90 creamy white Rhizogenic
Friable wet, soft

T31 MS+NAA20mgl! 7 >0 3 150 creamy white Rh zogen ¢
Fr able wet soft

T32 MS+NAA30mgl 7 70 3 210 creamy wh te Rh zogen ¢
Friable wet soft

T33 MS+NAA 4 0mg! 7 90 4 270 creamy wh te Rh zogen ¢
Fr able wet soft

T34 A2MS+NAA 1 Omgl 14 20 2 40 brown Rhizogemc
Fr able wet soft

T35 AMS+NAA20mgl 14 20 2 40 brown Rh zogen ¢

T36 MS +NAAOS5 mgl + Phlorogluc nol 50 mg! Nil

T37 MS +NAAQO S mgl + Phlorogluc nol 75 mgl Nil

T38 MS+NAAQS5 mgl + Phlorogluc nol 100 mgl Nil

RIT
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Days

for Callus Growth (Ilaélus Callus morphology | Nature of callus
Treatment Med um callus ng percentage | score ndex
fealius Six weeks after incubat on
ntaton
T39 MS +NAAO S mgl + Phlorogiuc nol 125 mgl Nil
T40 |[MS +NAA0S5 mgl + Phloroglucinol 150 mgl Nil
T41 MS+BA (0 5mgl Nil
T42 MS+BA10mgl! Nil
T43 MS+BA15mgl N1
T44 MS+BA20mgl Nil
T45 MS+BA25mgl Nil
Compact hard Non
T46 MS+TDZ 1 Omgl 21 90 1 90 creamy wh te embryogenic
Compact hard Non
T47 MS+TDZ 1 5 mg| 21 80 2 160 creamy white e nbryogen ¢
Compact hard Non
T48 MS+TDZ20mgl! 21 75 3 225 creamy white | embryogenic
Compact hard Non
T49 MS+TDZ 2 5 mg | 21 30 3 90 creamy wh te embryogen ¢

*No of cultures 1n each treatment—20

bl
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The treatments also differed m the time taken for callus wutiation The
treatments with auxins took 1 to 2 weeks for callus induction whereas the treatments
with cytokinin TDZ took three weeks The treatments with TDZ alone showed caltus
regeneration and the treatment T48 with 20 mg I TDZ was 1dentified as the best
treatment for callus induction showing cailusing m 75 per cent cultures with a call s

index of 225

4 3 3 2 Organogenesis/Regeneration from callus

The calli obtained from the treatments containing TDZ alone were carried over
for regeneration studies since the calli obtamned from the treatments contaimng auxmn
turned rhizogenic after four weeks The effect of growth regulars on the regeneration

of callus are g ven 1n Table 41

Maxim m callus regeneiation percentage was observed when the callus was
cultured 1n T 50 contaimng BA 1 0 mg ] and Ads 50 mg 1" (100 per cent) There was
reduction 1n regeneration 1n the treatments with increased levels of the cytokinin BA
m both half strength and full strength MS medum In T51 consisting of hqud
medium the callus regeneration percentage was 75 while in  T52 T5> T54 and T55
it was 50 per cent The days for the prohiferation of the callus were least in T>0 T52
and T55 (14 days) It took 21 days for callus proliferation 1in T51 T53 and T54 The
creamy wh te callus tuined green during proliferat on The treatment T50 induced
maximum average number of multiple shoots (6 0) six weeks after proliferation In

T53 the average number of shoots was reduced to 2 1

There was no sigmficant effect on the average length of shoot as well as the
average number of leaves produced per shoot in all the treatment combinations The
length of shoots ranged from 1 14 cm (T50 and T52) to 141 cm (T54 and T55) The
treatment TS0 was found to be the best treatment for callus regeneration with an

average of 6 1 shoots per culture

4 3 3 3 Shoot elongation

The shoot regeneration medum had produced small shoots Hence for
elongation treatments with increasing levels of BA were tried The treatments

cons sted of increasing concentration of BA from 50 mgl mn T56to 100 mg!

0



Table 41 Effect of growth regulator combinations on multiple shoot mduction and proliferation of eallus from leaves of P rosea

MS+BA02 ngl +JAAO0Imgl!

Callus Days for No of
No of | No of call showing prol fera |mut ple shoots Length of the
Treatment Med um call showing shoot | PT ol fi’/ra ton tion per culture shoots ~ (cm)
plated | proliferat on (%)
Six weeks after pro{ feration
1 1
T50 MS+BA10mgl '+ Ads 50 mg 1 20 18 100 14 600£061a | 114+005
T51 AMS+BA20mgl (sem sold) 20 15 75 21 333+067b | 123008
T52 4AMS+BA20mgl (hqud) 20 10 50 14 2100 41b | 1142007
TS3 MS +BA30mgl 20 10 50 21 2924034b | 123007
T54 MS +BA 40 mg! 20 10 50 21 300£043b | 141014
TS5 20 10 50 14 300+0 41b | 141009

Figures carrying same alphabets do not differ s gn ficantly at the 5% level based on DMRT

4
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T61 As seen from Table 42 no elongation was observed 1n all these treatments after
four weeks of transfer Instead the calli with small shoots turned brown and later
blackened and dried In treatment T56 (5 0 mg | ' BA) and T57 (6 0 mg | ) instead
of elongation there was shoot proliferation Hence for shoot elongation gibberellic
acid (GA3) was used at a concentration of 01 mg 1 1n the treatment T62
Gibberellms are generally known to promote shoot elongation But m the present
study 1t not only promoted elongation of shoot but also rooting Ninety percent of the

cultures showed elongation as well as rooting 1n the medium containing GA3

Table 42  Lffects of growth regulators on elongation of shoot produced from
callus cultures ;n P rosea

Cultures showing shoot elongation
elongation (%)*
Treatment Medium Four weeks from date of subculture
T56 MS+BA50mgl! Nil Cultures turned brown
T57 MS+BA60mgl! Nil Cultures turned brown
T58 MS+BA70mgl’ | N Cultures turned brown
T59 MS+BA 8 0mgl! Nil Cultures turned brown
T60 MS+BA90mgl! | Ni Cultures turned black
T61 MS+BA 110 Omgl Nil Cultures turned black
MS+GA301 Elongation of shoots as well
T62 90
(semi1 solid) as rooting

*No of cultures—20
43 3 4 Root induction

Further studies on rooting were carried out with increased levels of GA; The
effects of the growth regulators on rooting and shoot elongation are presented m
Table 43 To start with lowest concentration of GAs3 (0 1 mg 1 ') was tried in semusolid
MS medium (T62) and liquud MS medium (T63) The concentration of GA;

semusolid medum was ncreased to 0 5 mg 1' m T64 and further increased to 0 7 mg



Table 43  Effect of different media combination on 11 vifre roating and elongation of shoots produced from call of
P rosea leaves
Percentage
cultures Days for
Treatment Medium show ng shoot root Le;g:il:f Shoot length | No of leaves
elongation & | nduct on
root ng*
T62 MS +GA; 0 1 mg 1" (semu solid) 90 60 |367£013a| 617£030b | 7280 54a
T63 MS+GA,01mgl (hqud) 75 60 | 400£033a| 963+073a | 700£053a
T64 MS+GA; 05mgl (sem sold) 50 60 18740 14c | 3 400 25¢d | 2700 21c
T65 MS+GA; 0 7mgl (semu sol d) 50 60 1 60£0 14c | 32020 21cd | 2 600 22¢
T66 MS +GA; 09 mgl (sem solid) 50 60 125%0 13c | 270£0 19d | 22020 13¢
T67 MS+IBA15mgl (sem sold) 50 60 250£024b | 4450 63¢ | 5 10£0 28b

Figures carry ng same alphabets do not d ffer s gnificantly at the 5% leve] based on DMRT

*No of cultures

20
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1 1nT65 and 09 mg 1! 1n T66 BesidesGA; the most frequently used rooting
hormone IBA was also tried (T67 15mgl )

In all the treatments rooting imtiated within 30 days of incubation and was
completed after 60 days of incubation The percentage cultures showmng root
induction differed m all treatments The treatment T62 contamning 0 I mg1 GAz m
semisolid medium showed maximum percentage ( 90 per cent cultures) of root
mnduction followed by treatment T63 0 1 mg | ' GA3 m hiqud medium (75 per cent
cultures) The treatments from T64 to T67 with increasing concentrat on of GAsz

showed root mduction in 50 per cent of the cultures

There were significait differences among the treatments for average length of
the roots and shoots as well as number of leaves The treatments T62 and T63
recorded highest mean length of roots (3 67 and 4 00cm) and number of leaves (7 00
and 728) All the ticatments with higher concentrations of GA3z (T64 to T66) were
fou1d to be inferior recording lowest length of roots ranging from 1 25 (T66) to 1 87
(T64) with least number of number of leaves The treatment T67 with IBA recorded
an average root length of 25 cm In the treatments T62 T63 and T67 the roots
produced were well developed and white 1n colour In these treatments the leaves
were well opeied and larger 1n size The leaves 1n treatment T64 to T66 were small

and not well opened

The treatment T63 recorded longest shoot (9 65cm) followed by treatment T62
(6 17cm) and T67 (445cm) The treatment T66 (09 mg 1 'GAs) recorded lowest
length of shoot (2 70cm) The treatment with lowest concentration of GA3 (0 1 mg1 )
viz T62 and T63 1n semisolid and liquid basal MS medium were 1dentified as best

treatment for rootmg as well as shoot elongation

4 3 3 5 Hardening and acclimatisation

The results of hardening and acclimatisation are presented in Table 44 The
number of plants obtained varied from 18 1n T62 to 4 m T66 After completion of
rooting 100 0 per cent of the rooted plantlets from treatment T62 93 3 rooted
plantlets from treatment T63 90 0 per cent rooted plantlets from treatment T67 500
per cent rooted plantlets each from treatments T64 and T65 and 40 0 per cent plants



Table 44 Lffect of hardening and acchmatisation of plantlets obtamned from callus mediated organogenesis of leaves
of Plumbago roseca

Number of] Number No Primary No of plants
of plants | Transfer | survived No survived in Secondary
Treatment | plants hardening | transferred to
planted in | rate(%) after 4 bags hardening (%)
rooted (%) bags
cups weeks
T62 18 18 1000 12 667 12 12 667
T63 15 14 933 11 714 11 11 714
T64 10 5 500 2 400 2 0 00
T65 10 5 500 0 00 0 0 00
T66 10 4 400 0 6o 0 0 00
T67 10 9 900 9 1000 8 8 600

oYl
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from T66 could be transferred to cups for hardening 1n the ambient conditions of the
laboratory None of the plants from treatments T65 and T66 survived primary
hardening whereas 40 0 per cent plants of T64 survived pnmary hardemng On
secondary hardening under the net house conditions there was maxmmum survival of
plants from the treatment T62 and T63 (66 7 and 71 4 per cent) followed by T67 (60 0

per cent) None of the plants from T64 survived secondary hardening

4 3 4 In vitro mutagenesis

In vit 0 mutagenesis was carried out only mm one of the species viz Pl mbago
rosea since standardization of i vifro regeneration was posstble only 1n this species
Mutagenests was conducted using physical mutagen (gamma rays) and chemmcal
mutagen (EMS) The nodal and callus cultures of the three Plumbago 10sea
accessions (IC 566503 IC 566508 and IC 566514) weie subjected to physical and

chemical mu tagenesis The detailed results of the expertment are presented

4 3 4 1 Physical mutagenesis
43 41 1 Effect of gamma radiation on culture response in nodal cultures

The regeneration percentage of two week old nodal cultures of three genotypes
of Plumbago 1osea ((IC 566503 IC 566508 and IC 566514) was used to calculate
LDs, value of gamma radiat on 1 nder expernimental conditions The data on the effect
of different doses of gamma radiation on nodal cultures 1s presented 1n Table 45 The
cultures of gamma irradiation dose Dy (control 0 Gy) recorded maximum
regeneration of shoots (100 0 per cent) while those subjected to D4 40 Gy and D5 50
Gy did not record any shoot regeneration The treatment doses D, 20Gy andD; 30Gy
recorded regeneration 1n 50 0 percent of the rradiated cultures The percentage shoot
elongation 1n the cultures when transferred to elongation medmum 1s maximum for
control (Do 100 0 per cent) and 50 0 percent for the cultures of D, (20 Gy) and D3 (30
Gy)

The nodal cultures showing elongation for each of the treatment dose were
transferred to rooting medium and observed for root induction There was no root
mtiation 1 the cultures of treatment D3 (30 Gy) and D4 (40 Gy) Only 20 per cent
cultures of D, (20 Gy) showed rooting Eighty per cent of the cultures of treatment D

6



1aple 4> LKitect ot gamma radiation on cuiture response 1 nodaal cultures o1 1° rosed

Percentage
No of No of cultures No of
Mutagen cultures No of | cultures show ng No of cultures | Percentage
dose No of showmg ctltures | showing shoot cultures in| showing cultures
(Gamma nodal shoot Regenerat on | m shoot shoot elongation | rooting root showing root
radiation ) | Treatment | cultures | regenaration | percentage | medium | elongat on medium | 1nititation induction
0 Gy D, 10 10 100 0 10 10 100 0 10 8 800
10 Gy D 10 9 900 10 8 800 10 8 800
20 Gy D, 10 5 500 10 5 500 10 2 200
30 Gy D, 10 5 500 10 5 500 10 0 00
40 Gy Dy 10 5 00 10 0 00 10 0 00
50 Gy D; 10 0 00 10 0 00 10 0 00

Lol
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(10 Gy) and the control treatment Do (0 Gy) showed rooting Hence the LD ¢ was
fixed as dose 20 Gy Three doses of gamma rays such as 5 Gy 10 Gy and 15 Gy were

fixed as optimum doses for noda] cultures

43412 Regeneration response of nod4l cultures for optimum doses of gamma

rays

Twenty cultures of each P rosea accession were treated with respective
optimum doses of gamma rays viz Do (0 Gy} Dy (5Gy) D (10 Gy) and Ds (15 Gy)
There was high rate of bacterial contammation mn the nodal cultures when observed
for regeneration after two weeks incubation 1n proliferation medium None of the
cultures could be transferred to elongation medium To overcome bacteral
contaminat on antibtotic ampicillin @ 1pg/1lm! was added to the proliferation medium
and elongation medium The gamma irradiation with optimum doses was repeated
The effect of wrradiation on percentage regeneration was recorded and the results are
presented 1n Table 46 There was contammation 1 50 to 55 per cent of the 1rradiated
cultures well as control The surviving cultures were transferred to elongat on
medium In this medium also there was bacterial contarmination m 50 to 80 per cent
wrraciated cultures including control belonging to the three accessions The surviving
cultures were then transferred to rooting med um In general there was delayed
rooting 1 uradiated cultures as well as control It took 75 90 days for rooting from
the date of ttansfer to rooting medium In some ctltures only few 1ll developed roots
were produced In accession 566503 the control treatment Dy recorded rooting in
maximum cultures (25 0 per cent) and the treatment D, 1ecorded mimimum percentage
of rooting (10 0 per cent) In the accession 566508 maximum cultures (45 0 per cent)
belonging to treatment D, induced rootmg when transferred from elongat on medium
In accesston IC 566514 maximum percentage of rooting was observed n control
treatment Dg (20 0) and the mnimum percentage of rooting was observed in treatment
D (10 0 per cent)

43413 Plant regeneration percentage after iz vitro mutagenesis of nodal

cultures

The number of plants produced from the wrradiated nodal cultures 1n each of

the treatment dose was recorded and the observations on shoot length root length and



Table 46 Regeneration response 1n nodal cultures of P rosea for optuimum doses of gamma radiation

No of
cultures No of
Mutagen showing No of No of No of [ cultures
dose No of | mult ple cultures n | cultures cultures n| show ng
Accession | (Gamma cultures shoot | Regeneration | elongation | showmg | Percentage | root ng root Percentage
No rad at on) | Treatment treated | in itation | percentage medium | elongat on | elongation | med um | mtitation {root nutitation
0 Gy Dy 20 10 500 20 8 400 8 5 25
IC 566503 5 Gy D 20 9 450 20 5 250 5 3 150
10 Gy D, 20 9 450 20 5 250 5 2 100
15 Gy D; 20 9 450 20 5 250 5 3 150
0 Gy D, 20 10 500 20 10 500 10 5 250
D 400 8 6 300
[C 566508 5 Gy 20 10 500 20 8
10 Gy D, 20 450 20 9 450 9 9 450
15 Gy D, 20 9 450 20 4 200 4 2 100
0 Gy Dy 20 9 450 20 4 200 4 4 200
D 45 8 400 8 2 100
IC 566514 f—> Y ‘ 20 o 0 20
10 Gy D, 20 10 500 20 6 300 6 3 150
15 Gy D; 20 10 500 20 5 250 5 2 100
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number of leaves are given in Table 47 Due to severe bacterial contamination the
percentage plant regenerated from the nodal cultures irradiated with opt mum doses of
gamma rays was very low The root development was poor 1n the cultures when they
were sub cultured in the medium containing antibiotic In all the accessions the
percentage plants that could be produced from the cultures at all optimum  doses
ranged from 10 0 to 25 0 per cent except the treatment D, (20 Gy) of genotype IC

566508 which showed 45 0 per cent plant regeneration

4341 4 Hardening and acclimatisation

The results of hardening are presented m Table 48 Fifteen percent control
plants of the accessions IC 566503 and IC 566508 and 20 0 per cent control plants of
the accession IC 566514 survived primary hardening The primary hardening of
plants belonging to treatment D (10 Gy) resulted 1n 15 0 per cent survival of plants
1 accession IC 566503 20 0 per cent n IC 566508 and 10 ¢ per cent mn IC 566514
For the treatment D, (20 Gy, the percentage survival of plants was 10 0 1n IC 566503
25 Q per cent mn IC 566508 and 5 0 1 IC 566514 None of the plants produced 1n the
treatment D3 (30 Gy) of IC 566514 survived primary hardening whereas 10 0 per cent
and 5 0 per cent plants of respective accessions IC 566503 and IC 566508 survived

primary hardening

Under net house cond tions there was maximum survival of plants (20 0 and
250 per cent) for the treatments D (10 Gy) and D, (20 Gy) 1n the accession IC
566508 For the treatment D3 (30 Gy) of the plants of accessions IC 566508 and IC
566514 survived secondary hardening 1n bags while 50 per cent surived i
genotype IC 566503 None of the control plants of genotype IC 566514 survived

secondary hardeming

The percentage plant regeneration was low 1 accessions IC 566503 and IC
566514 and the percentage recovery of plants after hardening still lower Only in
accession IC 566508 the rate of hardening was shightly higher Since the recovery of
hardened plants following i vifro mutagenesis was very low from nodal cultures

these could not be carried over to experiment V for field studies



Table 47 Effect of optimum doses of gamma radiation on percentage regeneration and development of plant from nodal
culture of P rosea

No of
nodal No of Percentage
Mutagen explants plants plant Shoot length| Root length Number of
AccessonNo | Dose Treatment | rrad ated | produced | regenerat on (cm) (cm) leaves
IC 566503 0 Gy Dy 20 5 2500 3300 34 1 70+0 34 520111
5 Gy D 20 3 1500 317+044 1 00+0 28 333+033
10 Gy D, 20 2 1000 4 50+0 50 1754025 4 5040 50
15 Gy D; 20 3 1500 550£0 50 150£041 700£2 00
IC 566508 0 Gy Dy 20 5 2500 370+0 51 180+0 12 520+0 86
5 Gy D 20 4 2000 725£101 2 750 59 7 5042 32
10 Gy D, 20 9 4500 4 83+0 86 306031 422+0 57
15 Gy D; 20 2 10 00 8 00£1 00 30040 6 50£0 50
IC 566514 0 Gy Do 20 4 2000 6 8740 66 238+043 8 25+] 31
5Gy D Kt 2 10 00 7 75025 3 50+0 50 90042 12
10 Gy D, 20 3 1500 4 67+1 30 2 17+0 60 4 00+0 57
15 Gy Dy 20 2 1000 425175 250175 5 500 50

Ie!
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Table 48 Lffect of hardening and acclimatisation of plantlets obtained from 1rradiated nodal cultures of Plumbago rosea

No of
nodal No of No Primary |No of plants| No of plants
Accession | Mutagen explants | plants | survived | lardening (transferred toj survived in Secondary
No Dose Treatment | mrradiated | produced | 1 cups (%) bags bags hardening (%)
0 Gy Dy 20 5 3 150 3 1 50
D
IC 566503 5 Gy 20 3 3 150 3 2 100
10 Gy D, 20 2 2 100 2 1 50
15 Gy D, 20 3 2 100 2 1 50
0 Gy Dy 20 5 3 150 3 3 150
5G D 4 4 4 20
IC 566508 Y 20 il 200 0
10 Gy D, 20 9 5 250 5 5 250
15 Gy D, 20 2 1 50 1 0 00
0 Gy Dy 20 4 2 200 2 0 00
5G D 20 2 2 100 2 1 50
IC 566514 Y
10 Gy D, 20 3 1 50 1 50
15 Gy D; 20 2 0 00 0 0 00

~el
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43415 Effect of gamma radiation on culture response 1n callus cultures

The regeneration percentage of six weeks old 1rradiated callus cultures of three
genotypes of Plumbago rosea was used to calculate LD ¢ value of gamma radiation
under experimental conditions The data on the effect of different doses of gamma
radiation on regeneration of callus 1s presented in Table 49 The gamma 1rrad ation
dose Dy (control) recorded maximum regeneration of multiple shoots (100 0 per cent)
followed by D; 10 Gy (90 per cent) while Ds 50 Gy recorded no shoot regeneration
Fifty per cent cultures of Dy (40 Gy) showed multiple shoot bud mitiation when
transferred to shoot proliferation medium The percentage shoot elongation and root
mitiation 1n the cultures when transferred to elongation cum rooting medium as een
from tl e table 1s maximum for control (Op 100 0 per cent) followed by D and D,
(80 0 per cent) and 70 O percent of the cultures in D3 None of the callus cultures of
treatment D4 (40 Gy) showed shoot elongat on instead tle e was rooting 1n 500

percent cultures without shoot elongation Hence the LDsq was fixed as dose 40 Gy

43416 Regenecration response of callus cultures for optimum doses of

gamma rays

Three doses below 40 Gy namely 10Gy 20 Gy and >0Gy were fixed as
optimum doses for callus culture Twenty pieces of calli of each of the P rosea
accession wele treated with respective optimum doses of gamma rays viz Dy (0 Gy)
Dy (10 Gy) D, (20 Gy) and D3 (30 Gy) The proliferated calli from eacl treatment
were sub cultured to shoot elongation cum rooting medium The effect of gamma

radiation on regeneration of calli cultures of each P ;osea accession are presented
Table 50

In the accession IC 566503 100 0 per cent regeneration of callus was recorded
i the cultures of control dose Dy (0 Gy) and D; (10 Gy) and the cultures of D3 (30
Gy) recorded minimum shoot regeneration (60 0 per cent) The treatment D, (10 Gy)
induced maximum percentage of shoot elongation and rooting (88 0) The treatment

D3 (50 Gy) induced minimum percentage of shoot elongation and rooting (36 0)

In accession IC 566508 a maximum of 100 0 per cent regeneration of callus

was recorded m the cultures of control dose (Dg) The treatment D3 (30 Gy) recorded



Table 49 Effect of gamma radiation cn culture response in callus cultures of P rosea

No of Percentage
cultures cultures
Mutagen dose No showing No of cultures n |show ng shoot|show ng
{Gamma radiat on No of calli shoot Regenerat on shoot cum elongat on & |elongat oné&
) Treatment p eces treated regenarat on percentage elogat on med um [root in t tation |root ng
0 Gy D, 10 10 1000 10 10 1000
10 Gy D 10 9 900 10 8 800
20 Gy D, 10 7 700 10 8 800
30 Gy D, 10 7 700 10 7 700
40 Gy D, 10 5 500 10 5* 50 0*
50 Gy Ds 10 0 00 10 0 00

* Only root 1n t ation & no st oot elongat on

hel
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Table 50 Regeneration response 1n callus culture of P rosea for optimum doses of gamma radiatian

No of
cultures
showing No of cultures(No of cultures
No ofcallt |multiple 1 elongation [showing Percentage
pieces shoot Regeneration |cum rooting |elongation & |elongation &
Accession No Mutagen Dose | Treatment  [treated utation [percentage medium* rooting rooting
IC 566503 0 Gy Dy 20 20 1000 25 18 720
10 Gy D, 20 20 1000 25 22 880
20 Gy D, 20 16 800 25 20 800
30 Gy D, 20 12 600 25 9 360
IC 566508 0 Gy Dy 20 20 1000 25 23 920
10 Gy D, 20 16 800 25 20 800
20 Gy D, 20 16 800 25 18 720
30 Gy D, 20 14 600 25 6 240
IC 566514 0 Gy Dy 20 20 1000 25 22 880
10 Gy D 20 16 800 75 19 76 0
20 Gy D, 20 16 800 25 21 840
30 Gy D, 20 12 700 25 10 240

*Culture tubes as well as flasks jam bottle were used

§¢l
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munmmum regeneration percentage of 600 There was maximum percentage of
elongation and rooting 1n the control treatment Dy (92 0) The treatment Dj recorded

munimum percentage of elongation and rooting (24 0)

In accession IC 566514 the contiol treatment (Do) recorded manximum
regeneration of callus (100 0 per cent) m proliferation medium The treatment Dj
recorded minimum regeneration percentage of 70 0 There was maximum percentage
of elongation and rooting 1n the control treatment Dy (88 0) The treatment D3

recorded mimimum percentage of elongation and rooting (24 0)

In general the cultures of treatment D3 (30 Gy) mn all the three accessions
showed less elongation and rooting 1n the semi solid rooting medium Hence such
cultures were transferred to liquid 100ting medium In accession ICC 566514 such a
phenomenon was obseived 1n the cultures of treatment D (10Gy) as well Hence

these were transferred to liquid rooting medrum

43417 Plant regeneration percentage after i vifio mutagenesis of callus

culture

The effect of gamma radiation on the number of plantlets produced per
irradiated callus and the shoot as well as root development 1n the plantlets 1s given
Table 51 In accession IC 566503 the treatment D (10 Gy) produced maximum
n nber of plantlets (33) with a maximum percentage of plant regeneration per callus
(165 0) Tl e tieatment D3 (30 Gy) produced least number of plants (9) with min mum
plant regeneration percentage (450) There was significant difference among the
radiation doses for shoot length per plantlet The DMRT at S per cent level of
signif cance showed the treatments D2 (20 Gy) and D, (30 Gy) producing maximum
average shoot length 9 67cm and 9 6lcm respect vely The treatment D (10 Gy)
produced plantlets of lowest average shoot length (567 cm) There were no
significant differences among the treatments for average root length and average

number of leaves produced per plantlet

In accession [C 566508 the control treatment (0 Gy) produced maximum
number of 40 plants with maximum plant regeneration percentage (2000) The

treatment D3 (30 Gy) produced least number of plants (6) with minimum plant



Table 51 Effect of optimum doses of gamma radiation on percentage regeneration and development of plant from callus cultures of P rosea

No of
callus No of Percentage
Mutagen p eces plants plant
Access on No Dose Treatment | 1rrad ated | produced | regenerat on Shoot length Root length Number of leaves
0 Gy Dy 20 17 850 7 18abx1 09 ab 378+052 6 470 88
D & £ 579+0 4
IC 566503 10 Gy 20 33 1650 58320341 3 06+028 0 49
20 Gy D, 20 23 1150 911+088a 320+023 6 74+0 60
30 Gy D, 20 9 450 967+087a 294+091 6 44+£1 15
Figures carry ng same alpl abets do not d ffer s gn fcantly at 5% level based on DMRT
0 Gy Dy 20 40 2000 6 10+0 48 34520 18a 6 5540 55
0G D +0 77 2910 19ab 67130 55
1C 566508 10 Gy 20 28 1400 737 91+0 19 al
20 Gy D, 20 18 900 558+0 69 239+037b 622+0 79
30 Gy Ds 20 6 300 625+0 98 2254025b 5670 88
F gures carrying same alphabets do not d ffer s gn ficantly at 5% level based on DMRT
0 Gy Dy 20 32 160 0 49240 43b 3170 17 ab 5440400
IC 566514 10 Gy D 20 25 1250 544810 57b 4271031 a 564+052Db
20 Gy D, 20 30 1500 59520 55b 294053 b 637+055b
30 Gy D, 20 10 500 8 95+1 2a 36+£0360b 810+078a

Figures carry ng same alpl abets donotd ffers g fcantly at 5% level based on DMRT

+%1
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regeneration percentage (30 0) All the treatment doses showed significant difference
for the character root length per plantlet The control plantlets had longest root with
an average length of 345 cm The treatments D, (10 Gy) and D; (30 Gy) produced
lowest average root length of 239cm and 225cm respectively There were no
significant differences among the treatments for average shoot length and average

number of leaves produced per plantlet

In accession IC 566514 the control treatment DO (0 Gy) produced maximum
number of 32 plants with maximum plant regeneration percentage (1600) The
treatment D3 (30 Gy) produced least number of plants (10) with mimmum plant
regeneration percentage (50 0) All the treatments differed significantly for the three
characters viz  root length shoot length and number of leaves per plantlet The
t eatment D3 produced plaitlets with maximum average shoot lengt! of 8 95cm and
number of leaves (8§ 1) The treatments D; (10 Gy) and D, (20 Gy) were at par with
the control treatment Dy  for average shoot length as well as number of leaves per
plantlet The treatment D, (10 Gy) produced plantlets with longest roots with an
average length of 427 cm The treatments D; (20 Gy) and D3 (30 Gy) produced

plantlets with shortest roots of average length 2 9 cm and > 6¢cm respectively

4341 8 Hardening and acclimatisation

The survival percentages of plants obtained from irradiated callus ctltures of
the three P i o0sea accessions on primary and secondary hardening were recorded The
1esults of hardening and acclimatisation are presented 1 Table 52 In accession IC
566503  theie was maximum percentage survival of plants (88 24 per cent) in the
control treatment (Do) on primary hardening The treatment D; (20 Gy) recorded
lowest percentage survival (34 78 percent) of plants when transferred to cups Under
net house conditions all plants 1n treatment D; (10 Gy) survived hardening when
transferred to bags (60 61 per cent) while none of the plants in treatment D5 survived

hardening when transferred to bags

In accession IC 566508 maximum percentage of plants could be transferred
from disposable cups to bags (100 0 per cent) in treatment D; followed by treatment
D, (85 3 per cent) In the control treatment Dy mimmum percentage of plants (52 5)

could be transferred from cups to bags Under net house conditions there was



Table 52 Effect of hardening and acchimatisation of plantlets obtamed from 1rradiated callus cultures of Plunbago rosea

Mut No of No survived Prmary | No ofplants | No of plants | Secondary
Accession No ;:Sg:n Treat nent plants os cr harden ng | transferred to | survived n hardening
produced 1n cups (%) bags bags (%)
0 Gy Dg 17 15 8824 15 10 58 82
2 60 61
IC 566503 10 Gy D 33 20 60 61 20 0
20 Gy D, 23 3478 6 3478
30 Gy Ds 9 7778 0 0
0 Gy Dy 40 21 525 21 20 52 50
D 6 1 21 40
IC 566508 10 Gy 1 28 19 7 86 9 6
20 Gy D, 18 15 83 33 15 11 6110
30 Gy Ds 6 6 100 6 0 000
0 Gy Dy 32 23 71 88 23 17 5313
10G D 2 19 76 19 14 56 00
IC566514 Y >
20 Gy D, 30 17 56 67 17 11 3667
30 Gy D; 10 10 100 10 6 60 00

e !
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maximum percentage survival (61 10) of plants in treatment D, (20 Gy) There was

minimum percentage survival (0 00 per cent) of plants 1n the treatment D3

In accession IC 566514 the treatment D; (30 Gy) recorded maximum
percentage  survival (100 O per cent) of plants followed by D; (76 00 per cent) on
primary hardeming On secondary hardening under the net house conditions treatment
D; (10 Gy) recorded maximum survival of plants (56 00 per cent) followed by control
treatment Dy (53 13 per cent) The treatment D; recorded mimmum percentage

survival (0 00 percent) of plants n bags under net house conditions

Of the three optimum doses of gamma radiation vz 10Gy 20Gy and 30 Gy
lardened plants could be obtained from only from the first two doses 1e 10 Gy and
20Gy of ticat nent 1 all the three accessions of P rosea Besides hardened plants

were obta ned from control treatment as well

43419 Mean performance of plants obtamed from r1adiated callus cultures

The mean values for five morphological characters in the somaclones of three

accesslons of Plumbago rosea are presented 1n Table 53

1) Plant height  There was significant difference between the treatment doses 1n two
accessions nanely IC 566503 and IC 566508 In accession IC 566503 the control
plants were found to be superior with maximum height of 1510 cm The plants
obtamned from treatment D (10 Gy) were the shortest (8 45 cm) In accession IC
566508 the control plants and plants fiom 20Gy treatment dose were found to be
superior and the plants belonging to treatment D; (10 Gy) were the shortest

11) Internode Length In all the access ons there  were no significant differences

among the treatment doses for this character

11) Number of leaves The gamma radiation doses showed significant difference for
this character 1 the two accessions namely IC 566508 and IC 566514 In accession
IC 566508 the plants from 20 Gy produced maximum number leaves (12 82) The
plants from 10 Gy had least number of leaves (6 83) In genotype IC 566514 the
treatments Dy (10Gy) and D, (20 Gy) produced plantlets with maximum number of



Table 53 Mean performance of plants obtamed from irradiated callus cultures

Mutagen No of plants
Access on No Dosc Treatment |from secondary| Planthe ght |Internode length|Numbe of leaves| Leaflength Leaf breadth
harden ng
0 Gy DO 10 15 10%3 5a 1 60+0 36 1290+1 8 6 310 88a 3 86+0 53a
IC 566503 | 19 Gy DI 20 845b£087b | 089012 970£074 | 4184037b | 242:021b
20 Gy D2 6 10 33:1 25ab 1 50£0 36 8 670 95 3 8640 67b 2 4240 46b
F gures carry ng same alphabets do not d ffer s gnificantly at the 5% level based on DMRT
0 Gy . DO 20 8 75+0 67a 1160 13 10 4040 97ab 351+02] 219+£0 19
1C 566508 | 19 Gy D1 6 5170 91b 052+0 10 6832075b | 317:032 | 208019
20 Gy D2 11 11 36%1 3%9a 101+0 19 12 82+1 19a 3 03x0 56 18240 35
F gures carrying same alphabets do not differ s gnif cantly at the 5% level based on DMRT
0 Gy DO 17 8 4141 57 0 88021 7 55£1 21b 33940 56 2 (08+0 39
IC566514 1 10 Gy D1 14 8 611 27 1 040 14 12711 8la | 4112048 2480 35
20 Gy D2 11 7 73£1 06 0 74+0 26 12 641 Osa 4 13+0 45 2 5840 29

F gures carry ng same alphabets do not d ffer s gn {'cantly at the 5% level based on DMRT

thi
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leaves (1271 and 12 64) The control plants (Dg) produced least number of leaves
(755)

1v) Leaf length  For this character there was sigmficant difference among the
treatments only 1 the genotype IC 566503 The control plants produced long leaves
(631 cm) The treatment doses 10 Gy and 20 Gy produced leaves of 4 18 and 3 86cm
length respectively

v) Leaf breadth For this character also there were treatment differences m the
accession IC 566503 The control plants produced broad leaves (3 86 cm) and the
treatment doses 10 Gy and 20 Gy with leaves of lowest mean width (2 42cm)

The analysis of variance m the somaclones (three months old) of the three
accessions of Plumbago 10sea namely IC 566503 IC 566508 and IC 566514 thus
revealed significant differences among the gamma radiation doses Do(0 Gy) D;(10
Gy) and D, (20 Gy) for three morphological characters The somaclones of accession
IC 566503 obtamed from three doses of mutation showed significant differences for
plant height and leaf size In accession IC 566508 the somaclones obtamed from n
vitro mutagenesis differed sigmficantly for plant height and number of leaves The 1z
vitro mutated somaclones of genotype 1IC 566514 showed sigmificant differences for
number of leaves The somaclones showing supertonty for leaf size and number of
leaves were selected from each of the three treatment doses (Dy D) and D,) of the

three P 1 osea accessions and carried over to expenment V for field evaluation

434110 Comparison of somaclones selected from iz vifio mutagenesis with

conventionally rooted cuttings of P rosea

Before field establishment the performance of the somaclones were compared
with the conventional rooted cuttings of three P rosea accessions for five
morphological characters and the results are presented Table 54 The somaclones of
accessions IC 566503 and IC 566508 showed sigmficant difference for characters
whereas 1n genotype IC 566514 the somaclones did not differ significantly with the

conventional clones for any of the characters studied
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1) Plant height There was significant difference between the somaclones and
conventional clones only 1n IC 566503 The somaclones of control treatment Dy (0
Gy) were superior with maximum average height of 28 67cm followed by the plants
of D (10 Gy) with a mean height of 13 33 cm The plants obtamed from treatment D

(20 Gy) were at par with the conventional clones for plant height

1) Internode Length For this character also the genotype IC 566503 alone showed
sigmficant difference between somaclones and conventional clones The somaclones
of Dy (0 Gy) were superior with maximum average internode length of 3 00cm The
plants of D; (20 Gy) with a mean mternode length of 2 17cm were at par with the

conventional clones (1 50 cm)

) Number of leaves The somaclones of the two access ons IC 566503 and IC
566508 showed significant difference for this character when compared with the
conventional clones In accession IC 566503 the somaclones from Dy (0 Gy)
produced maximum number of leaves (20 0) followed by the somaclones from D, (10
Gy) with 13 67 leaves The conventional clones of IC 566503 had least number of
leaves (5 67) In accession IC 566508 the somaclones from treatments Dy (0 Gy) and
D5 (20 Gy) with 16 83 and 18 83 respective numbei of leaves were at par and superior
to somaclones of treatment D (10 Gy) with 88> number of leaves and the

conventional clones with least number of leaves (4 33)

v) Leaf length Tor tlus character there was sigmficant difference between the
somaclones and the conventional clones 1n the accession IC 566503 The somaclones
from control treatment DO (0 Gy) produced leaves with maximum average length of
944 cm The conventional clones and the somaclones from treatment doses 10 Gy
and 20 Gy were at par for this character In the accessions IC 566508 and IC 566514

the somaclones were at par with the conventional clones for this tra t

vi) Leaf breadth There was significant difference between the somaclones and
conventional clones 1n accessions [C 566503 and IC 566508 In accession IC 566503
the somaclones of controlled treatment produced broad leaves (5 77 cm) whereas the

conventional clones and the somaclones of 10 Gy and 20 Gy were at par In accesston
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Table 54 Comparison of somaclones selected from in vitro mutagenesis and
conventional rooted cuttings

Inviro | Plant
Accession Mutagen | height | Internode | Number| Leaf Leaf
No Treatment Dose (cm) |length (cm)|of leaves| length | breadth
somacloneD, 0 Gy 28 67 300 20 00 368 220
somacloneD 10Gy [ 1333 150 13 67 375 21s
IC 566503
somacloneD, | 20Gy | 1067 217 967 211 141
Conventional
rooted cutting 633 073 567 653 377
CD at 5% level of significance 472 129 49 283 144
somacloneD, 0 Gy 12 00 117 16 33 372 222
somacloneD 10 Gy 833 043 833 462 263
1C 566508
somacloneD, | 20Gy | 1400 107 1833 490 280
Convent onal
rooted cutt ng 9 GUL 070 433 760 437
CD at 5% level of signif cance NS NS 75 26 147
somacloneDy 0 Gy 16 67 208 16 00 377 227
somacloneD 10Gy | 833 123 10 67 4717 288
IC566514
somacloneD, | 20Gy | 1500 140 2167 227 115
Conventional
rooted cutt ng 867 300 500 722 413
CD at 5% level of s gn f'cance NS NS NS 2 68 139
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IC 566508 conventional clones were superior to the somaclones producing broad

leaves of 4 27 cm

4342 Chemical Mutagenesis

43421 Effect of varymng concentrations of CMS on culture response 1n nodal

cultures

For estimation of LDyy of the chemical mutagen EMS 1n nodal culture two
weeks old sprouted explants (20 nos ) were soaked 1 various concentrations of EMS
solution for one hour As seen from Table 55 the concentration of EMS beyond 025
per cent resulted in death of cultures In 0 25 percent concentration of EMS only 50
per cent cultures survived Hence the LDsy was considered as 025 per cent
However there was high rate of contammation mn cultures especially when
subcult wred to elongation medium This resulted 1n loss of cultures The percentage of

cultures that could be carried over to rooting medium ranged between 10 and 20

4 3 42 2 Regeneration response of nodal cultures for optimum doses of EMS

Three doses below 0 25 per cent namely 0 05 per cent 0 10 per cent and 0 15
per cent were fixed as optimum doses of EMS Twenty cultures of P 10sea were
soaked for one hour 1n the three concentrations of EMS There was control treatment
cons stmg of 00 per cent EMS However wthin one week of treatment all the
cultmes were contaminated The treatment was repeated but could not be successfully

carried forward due to contamination of the cultures

43423 Iffect of varying concentrations of EMS on culture response n callus
cultures

Twenty pieces of six weeks old  callus of three accessions of Plumbago rosea
((IC 566503 IC 566508 and IC 566514) were used to calculate LDso value of EMS
by soaking 1n various concentrations of EMS for one hour The LDso value could not
be calculated as there was 100 per cent contamunation of cultures The study could not
be carried forward due to complete exhaustion of callus cultures The chemical
mutagenesis had to be abandoned for callus cultures not only due to contamination
but also for the long period of mcubation required for induction of callus 1 leaf

cultures



Table 55 Lffect of different concentrations of EMS on culture response 1n nodal cultures of P rosea

No of No of No of Percentage No of
cultures No of Percentage
Conc | No of cultures Shoot cultures 1n cultures cultures
show ng |cultures in cultures
Treatment |of EMS| nodal showing regeneration shoot showing show ng
shoot root ng showing root
(%) | cultures shoot percentage | elongat on shoot root
elongation | medium induct on
proliferation medium elongation n t tat on
DEo 000 10 8 800 8 3 375 3 2 200
(Control)
DE 005 10 6 600 6 2 200 2 1 100
DE, 010 10 6 600 6 1 100 1 1 100
DE,4 025 10 5 500 5 0 00 0 0 00
DE, 050 10 0 00 0 0 00 0 0 00
DEj, 07s 10 0 00 0 0 00 0 0 00
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4 4 Induction of polyploidy in the Plumbage species

In this experiment a preliminary tnal for inducing polyploidy 1n the rooted stem
cuttings of Plunbago species was tried The detailed results of the experiment are as

follows

4 4 1 Prehmunary tnal to fix the doses of colchieine in Plumbago species

The sprouting of axillary bud observed in the preliminary tral mn Plumbago
10sea and Plunbago zeylanica are presented 1n Tables 56 and 57 respectively From
the table 1t can be seen that there was sprouting in more than 50 per cent cuttings of P

osea for the concentration (C4) of 1 0 per cent colclicine applied for D (3 hours) and
D; (6 hours) duration for two consecutive days However mn Plumbago zeylanica the
colch cine concent ation of 0 75 per cent (C3) applied for the same period of duiation
resulted 1 sprouting of more than 50 per cent cuttings The control plants of both
spectes took only one weeh to sprott As the concentration of colch cine increased
from C;(0 25%) to C4 (1 0 %) the number of days for sprouting showed a respective
mcrease from 9 days to 15 days in both the species of Plumbago There was no
survival of the anillary bud beyond 1 O per cent concentration of colchicine Hence a
dose of 0 75 per cent concentration (Cs) of colchicine was fixed for application mn

both species of Plumbago

4 4 2 Survival of plants with optimum dose of colchicine in Plumbago species

The survival of the treated axillary buds after treatment with 0 75 per cent (Cs)
of colch cine for D; (3 ho s) and D, (6 hours) duration for one week 1s presented n
Table 58 In case of Plumbago rosea more than 50 per cent plants survived when
observed after two weeks of colchicine application In Plumbago zeylamica only 4
cuttings (44 4 per cent) survived for the D, duration of colchicine application Three of
the survived cuttings from D (3hours) and D,(6 hours) duration of colchicine
application for the concentration (C; 0 75 per cent) as well as the absolute control 1 ¢
untreated plants from both the species of Plumbago were transferred to pots and
mamta ned 1n the net house The growth of the treated plants were observed critically

in comparison with the untreated control plants



Table 56 Preliminary trial for fixing doses of colchicine m Plumbago rosea

Number of] Number of]
Number | cuttings Mean Number | cuttings Mean
Conc of of showing number of of showing number
colchicine cuttings | axillary | Percentage | daysto cuttings | axillary | Percentage |of days to
Treatment (%) Duration* | treated | sprouting | survival sprout | Duration* | treated | sprouting | survival sprout

Co 000 D, 9 9 100 00 8 D, 9 9 100 00 9
(o) 025 3hours 9 9 100 00 11 6hours 9 9 100 00 9
C, 050 9 9 100 00 12 9 9 100 00 12
Cs 075 9 8 88 80 13 9 7 7770 14
Cy 100 9 7 77170 13 9 5 5550 15
Cs 150 9 all dried 000 Nil 9 all dried 000 Nil
Cs 200 9 all dried 000 Nil 9 all dried 000 Nit

* For two consecutive days
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Table 57 Prelmminary trial for fixing doses of colchicine m Plumbago zeylanica

Number of Number of
Number | cuttings Mean Number | cuttings Mean
Conc of of showing number of showing number
colchicine cuttmgs | asllary | Percentage |of days to cuttngs |  axillary Percentage | of days
Treatment (%) Duration* | treated | sprouting | survival sprout |Duriion*| treated | sprouting survival  [to sprout
Co 000 D 9 9 100 00 7 D, 9 9 100 00 7
C 025 3hours 9 9 100 00 9 Ghours 9 9 10000 10
C; 050 9 9 100 00 12 9 9 100 00 13
Cs 075 9 7 7770 13 9 6 66 60 14
Cs 100 9 5 5550 13 9 3 3330 15
Cs 150 9 all dried 000 Nil 9 all dried 000 Nil
Cs 200 9 all dried 000 Nil 9 all dried 000 Nil

* For two consecutive days

LAl

i T



Table S8 Survival and sproutmng of axillary buds with optimum dose of colchicine 1 Plumbago species

Number of Number of
Mean Mean
Number of| cuttings Number of| cuttings
Conc of * Percentage | number of Percentage | number of
o Duration cuttings showing cuttings showing
colchicine(%%) survival days to survival days to
treated axillary treated axallary
sprout sprout
sprouting sprouting
Plumbago rosea Plumbago zeylamca
C, Absoluty
o Absolute 9 9 100 7 9 9 100 7
control
C; D, 3hours 9 6 666 13 9 5 555 14
C; D, 6 hours 9 5 555 14 9 4 44 4 15

* For seven consecutive days

nGt

as|
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4 42 1 Growth of colchicine treated and control plants mn Plumbago species

The branch grown from the colchicine treated axillary bud was compared with
the branch of the control plant for the four morphological characters namely branch
length 1nternode length leaf length and leaf breadth in both the species of Plumbago

and the results are presented 1n Tables 59 and 60

Table 59 Mean performance of colchicine treated axillary branches of P
rosea
Branch length

Treatment Season 1 Season 11 Season 11 Season IV
Co 12 67 38 33 62 33 8333
C3Dy 1500 48 00 73 67 113 00
CiD, 10 00 3167 58 67 99 67
CD at 5% level NS NS NS NS
Mean of control 12 67 3833 62 33 83 53
Mean of
treatments 12 50 3933 66 17 106 33
Internode length
Treatment Season] | Season1l | SeasonlIl | SeasonIV
Co 0383 353 400 550
CiD, 217 450 583 650
CsD, 167 433 567 617
CD at 5% level NS NS NS NS
Mean of control 083 333 400 550
Mean of treatments 192 442 575 633
Lenf length
Treatment Season] | Seasonll | SeasonIll | SeasonlIV
Co 650 813 832 8 60
CsD 572 7 85 7 81 7 90
CiD, 617 6 60 805 918
CD at 5% level NS NS NS NS
Mean of control 6 50 813 832 8 60
Mean of treatments 594 722 793 8 54
Leaf breadth
Treatment Season] | SeasonlIl | SeasonIIl | Season IV
Co 344 355 444 483
CaDy 317 371 399 415
CsD, 333 34, 405 524
CD at 5% level NS NS NS NS
Mean of control 344 355 4 44 4 8>
Mean of treatments 325 357 402 4 69
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In Plumbago rosea there was no appreciable difference between the treated and

the untreated plants for

all the characters through out the growing season In

Plumbago zeylamca during the second quarter the plants of treatment C; D) showed
an mcreased branch length (42 7cm) and leaf size (length 11 00cm breadth 6 07cm)

compared to control (Co) plants and plants of C3D;, dose of colchicine treatment

Table 60 Mean performance of colchicine treated axillary branches of

P zeylanica

Branch length
Treatment Season [ Season 11 Season 111 Season IV
Co 16 67 2933 9533 157 00
CsD 2200 4217 121 33 166 33
C3D, 15 67 3667 8167 151 67
CD at 5% level NS 6 89 NS NS
Mean of control 16 67 2933 93 33 157 00
Mean of treatments 18 83 39 42 1015 159
Internode length
Treatment Season I Season 11 Season III Season IV
Co 133 333 567 763
CiDy 217 467 700 817
CsD, 150 397 633 733
Mean of control 133 333 567 7 63
Mean of treatments 183 4132 667 775
Leaf length
Treatment Season I Season 11 Season 1T Season IV
Co 6 80 853 883 893
CsDy 712 1100 983 950
C3D, 670 900 900 887
CD at 5% level NS 139 NS NS
Mean of control 6 80 853 883 893
Mean of treatments 691 1000 942 918
Leaf breadth
Treatment Season I Season II Season III Season IV
Co 420 443 407 433
C;D 378 607 447 437
CsDs 417 467 383 427
CD at 5% level NS 059 NS NS
Mean of control 420 443 407 433
Mean of treatments 398 537 415 432
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However towards the end of the growing season these plants were more or less

like the control plants with normal growth rate

4 4 2 2 Leaf anatomy of colchicine treated and control plants in Plumbage species

The size of epidermal cells and stomata 1s found to bear a direct correlation with
the ploidy level of plants An increase in the size of stomata and epidermal cells 15 an
indication of increase in the number of chromosomes The results of anatomical
studies n leaf of the treated and control plants of both the species of Plumbago are
presented 1 Tables 61 62 and 63

1) Size of leaf epidermal cells

As seen 1n Table 61 the treated plants d d not show any difference for the
epider nal cell s ze when compaied to contiol plants n both the species of Plumbago
In Plumbago rosea the length of epidermal a cell ranged between 239 33 um and
250 63um when observed under microscopic field of 400 X magnif cation The leaf
epidermal cells of treated and untreated plants of Plumbago zeylamica recorded a

higher length ranging from 270 56 pm to 276 61um

11) Number and size of stomata

The results on stomatal studies 1n P rosea are presented n Table 62 All the
observat ons for stomata were made under a microscopic field with a magnification of
400X The leaves from treated plants did not sl ow any difference for the mean
number of stomata 1n the tip middle and base when compared to the leaves of control
plants The mean number of stomata ranged from 10 67 to 11 4 at the tip 16 87 to
18 13 1n the middle and 13 0 to 13 33 1n the base of the leaves of control and treated
plants of Plumbago rosea For stomatal size also the treated plants showed no
s gnificant difference when compared to control plants The length of the stomatal
opening ranged between 15725 pm and 162 92 um whereas the width ranged
between 60 21 pm and 63 04 um

In Plumbago zeylanica (Table 63) the mean number and size of stomata of the
leaves from treated plants did not show any difference when compared with that of

the leaves of control plants The mean number and size of stomata per microscopic
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field was shightly less than that of Plumbago rosea The mean number of stomata
ranged from 8 07 to 8 80 at the tip 14 50 to 15 53 1n the middle and 11 33 to 1190 m
the base of the leaves of control and treated plants The length of the stomatal opening
ranged from 13529 pm to 138 13 pm whereas the width ranged from 49 58 pm to
52 77 um 1n the leaves of control and treated plants

Table 61 Size of epidermal cells 1 the leaf of colchicine treated axillary branch
of Plumbago rosea and Plumbago zeylanica

Plumbago 10sea Plumbago zeylanica
Treatment Length (um) Breadth(um Length(um) | Breadth(um)
Co 25063286 20896+220 | 27059+ 105 | 201 17245
CD 23933+£106 20089£70 27661+113 | 20538+03
CsD, 24457+ 142 20187+85 27056+ 112 | 21108+42
CD at 5% NS NS NS NS

Table 62 Number and size of stomata in the leaf of colchicine treated axillary
branch of Plumbago rosea

Stomatal number per microscopic field Stomatal Stomatal
(X 400) length(um) | width(pm
Treatment Tip Middle Base (X400)

Co 106£01 | 168703 | 1300406 | 15725437 | 630446
CsDy 114+£03 | 1790+07 1303405 | 15513425 | 6234446
CsD, 11+0 6 181340 6 1333+06 | 16292+26 | 6021+3 1

CD at 5% NS NS NS NS NS

Table 63 Number and size of stomata m the leaf of colchicine treated axillary
branch of Plumbago zeylanica

Stomatal number per microscopic Stomatal Stomatal
field(X400) length(pm) width(pm)
Treatment | Tip Middle Base (X400)
Co 8 8+021 1553+034 | 1190+032 | 138 13£4 91 | 49 58+4 96
CaDy 850+029 | 14431030 |1143+030{135294675 |52 77+408
CsD, 8§07£064 |1450+036 |1133+033|13529+375 | 502944 31
CDat5% |NS NS NS NS NS

Figures 1 columns are mean values = SEM
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4423 Floral characters of colchicine tieated and control plants m Plumbago

specics
All the plants (treated as well as control) started flowering i October 2008 1n
Plumbago zeylanica and November 2008 1 Plumbago rosea The flowering being
seasonal in Plumbago 10sea was completed by the end of February 2009 whereas in
Plumbago zeylamica the flowering continued after February The treatment of
colchicme did not produce any adverse effect on flowering All the treated axillary
branches 1n both the species of Plumbago showed normal flowering The flowers

were then observed for the fertility of pollen and the size of pollen

44231 Size and fertihty of pollen i the colchrcine treated and untreated

plants 1n Plumbago species

The results of the study on pollen produced by the colchicine treated and
untreated plants in Plumbago 10sea and Plumbago zeylamica are presented in Table
64 The matured inflorescence buds of treated and the untreated plants produced
fertile pollen 1n both the species The stanability 1n acetocarmme revealed pollen
fertihty ranging from 8231 per cent to 84 94 per cent in Plumbago rosea In
Plumbago zeylanica the mean percentage value of pollen fertility ranged between
88 72 and 90 62 The treated plants also did not differ for mean pollen size when
compared with the control plants mn both the spectes of Plumbago The species
however differed for pollen size The flowers of Plumbago zeylanica produced lager
pollen of size ranging from 384 86pum to 396 66um In Plumbago rosea the mean
pollen size ranged between 323 47um and 340 Opm

Table 64 Pollen fertithty and size of the treated as well as control plants of
P rosea and P zeylanica

Treatment Pollen fertility (%) Pollen size (um)X400
P rosea P zeylanica P rosea P zeylanica
Co 84 24 9211 33762+ 1547 389 58 +10 82
CsD 84 94 8872 340 0017 83 384 86+944
CsD, 8231 90 62 323 4712 49 396 66 £ 1091
CD at 5% NS NS NS NS
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4 4 3 Identification of variants/polyploids

On visual observation no marked phenotypic difference could be noticed
between the colchicine treated axillary branch and the branch of control plants in both
the species of Plumbago Even though m Plumbago zeylamica a larger branch length
and leaf size was noticed m the second quarter of growth among the treated plants of
CsD (0 75per cent colchicine for three hours for seven consecutive days) it was
temporary However towards the end of growing season these plants showed normal

rate of growth similar to control plants

For all the characters studied no significant difference was observed between
the tieated a1d the control plants when subjected to statistical analysis The cotton
swab technique of colchicine application had failed to mduce polyploidy 1n Plumbago
species Smce no vanants could be identified 1n this experiment there were no

samples to be cartied over to the experiment V for field evaluation

45 Lvaluation of samples of Plumbago rosea screencd from it veti 0 mutagenesis

The samples of the species Plumbago 10sea from wmn viryo mutagenesis alone
could be obtamed for evaluation i field The somaclones showing superiority for
plant height leaf size and number of leaves weie selected from each of the three
treatment doses of gamma radiation (Dg 0 Gy D 10 Gy and D, 20 Gy) for three P
10sea accessions (IC 566505 IC 566508 and IC 566514) These were planted 1n field

as pot culture laid in CRD and evaluated for morphological characters

451 Morphology of selected somaclones of Plumbago 10sea obtamned from

vifro mutagenesis

The analysis of vamance was carried out for six morphological characters
namely plant height iternode length number of branches number of leaves leaf
length and leaf breadth with three replications 1n the three accessions of Plumbago
rosea (IC 566503 IC 566508 and IC 566514) at two intervals of growth period
(Four and erght months after planting) There were differences between somaclones
and conventional clones for the morphological traits 1n the two intervals of growth

period



155
157

4511 Mean performance of somaclones and conventional clones four

months after planting

The mean performance of the somaclones and the conventional clones for the
followmng six morphological characters four month after planting 1s presented 1n
Table 65 After four months of planting the soma clones differed in their mean
performance when compared with conventional clones The soma clones differed
sigmficantly for plant height and leaf size when compared with conventional clones 1n
all the three accessions The somaclones in general showed dwarfing with smaller
leaves and were stunted 1n appearance The mean performance of the somaclones and

the conventional clones for the six morphological characters are as follows

1) Plant height For this character the accession IC 566514 alone showed significant
difference between somaclones and convent onal clones The conventional clones
were supenior and had the maximum height of 32 67cm The somaclones from all
treatment doses of mutation (Dg D; and D;) were at par with average heights of 19 00

cm 12 00 cm and 19 67cm respectively

1) Internode length There was significant difference between the somaclones and
conventional clones only 1n IC 566508 The somaclones from treatment D2 (20 Gy)
and the convent onal clones of IC 566508 were at par for this character with an
average value of 2 00cm but lugher than the somaclones from treatment D0 (0 Gy)

and D1 (10 Gy) having 0 37 and 0 70 cm respective average mternode length

ur) Number of branches The somaclones did not show any difference for tlus

character when compared to conventional clones

1v) Number of leaves For this character also the somclones did not show any

difference when compared to conventional clones

1v) Leaf length For thus character there was sigruficant difference between the
somaclones and the conventional clones 1n all the three accessions In accessions IC
566503 and IC 566508 the convent onal clones had longer leaves compared to the
somaclones The conventional clone of accession IC 566508 had leaves of maximum

average length of 7 6 cm
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Table 65 Mean performance of somaclones selected from 1 vifro mutagenesis and
conventional rooted cuttings four months after plantmg (four MAF)
Invro | Plant | Internode | Number Leaf | Leaf
Accession Mutagen | he ght | length of Number | length | breadth
No Treatment Dose (cm) (cm) | branches | of leaves| (cm) | (cm)
somaclone Dy 0 Gy 3567 103 333 3700 368 220
lone D 16 G 17 00 100 233 24 00 375 215
IC 566503 | Y
somaclone D, | 20Gy | 967 067 167 933 211 141
Convent onal
rooted cutting 3167 167 400 39 33 653 377
CD at 5% level of sigmf cance NS NS NS NS 283 144

somaclone D, 0Gy 14 67 037 300 29 67 372 222

somaclone D 10Gy | 2500 070 267 4267 | 462 263

IC 566508
somaclone D, | 20Gy | 2100 200 267 3833 490 280

Conventional
rooted cufting 2700 200 2 67 24 67 760 437
CD at 5% level of s gn f cance NS 108 NS NS 26 147
somaclone D, (0 Gy 1900 133 333 1933 377 227
somaclone D |10 Gy 12 00 070 200 1533 477 288
1C566514
somaclone D, |20 Gy 19 67 010 200 2767 227 115

Convent onal
rooted cutting 3267 137 300 3533 722 413

CD at 5% level of s gnificance 1248 NS NS NS 268 139
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v) Leaf breadth There was significant difference between the somaclones and
conventional clones 1n all the three accessions for leaf width The conventional clones
were superior with broad leaves The conventional clone of accession IC 566508 had

leaves of maximum average witdth of 4 37 cm

451 2 Flowering m the somaclones and conyentional clones of Plumbago rosea

The plants 1n the field experiment were observed for flowering during the
period (Aug 2009 Jan 2010) The somaclones from the three treatment doses (Do 0
Gy D; 10 Gy and D; 20 Gy) did not flower However flowering was observed n the
conventional clones of all the three accessions Flowering was first observed in the
conventional clone of accession IC 566508 in December2009 By the end of January
2010 flowering was observed in the conventional clones of all the three accession of
Pluy ibago 10sea None of the somaclones of selected P rosea accessions flowered

during the entire flowering season

4513 Mean performance of somaclones and conventional clones eight

months after planting

The mean performance of the somaclones and the conventional clones for the
following six morphological characters eight months after planting 1s presented 1n
Table 66 After eight months of planting the soma clones differed considerably in
then mean petformance when compared with conventional clones The soma clones
differed significantly for plant height number of branches number of leaves and leaf
size when con pared with conventional clones m all the three accessions The mean
performance of the somaclones and the conventional clones for the six morphological

characters are as follows

1) Plant height For this character the somaclones of all the three accessions were
shorter than conventional clones The conventional clones had the maximum height
ranging from 600 cm (IC 566508 and IC 566514) to 63 3 cm (IC 566503) The
somaclones of control (0 Gy) and 10 Gy were intermediate n all the accessions The
somaclones of 20 Gy were the short in all the accessions with shortest (16 67)

belonging to accession IC 556514
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1) Internode length There was no sigmificant difference between the somaclones and

conventional clones for this character

111) Number of branches In all the three accessions viz IC 566503 IC 566508 and
IC 566514 somaclones of 10 Gy were at par with the corresponding conventional for
number of branches clones The somaclones of 20 Gy had produced least number of

branches 1 IC 566503 (2 00)

1v) Number of leaves In accessions IC 566503 and IC 566514 the somaclones of 10
Gy had produced equivalent number of leaves in comparison to their respective
conventional clones In accession IC 566508 the somaclones of control treatment as
well as 10 Gy wuradiation were at par with conventional clone for this character The
somaclones of 20 Gy in accession IC 566503 and IC 566514 had produced least

number of leaves (21 67) when compared to conventional clones

v) Leaf length The somaclones of 10 Gy 1n accession IC 566514 had produced leaves
of maximum length (15 35 cm) when compared to conventional clones (9 35 cm) In
accesstons IC 566503 and IC 566508 the somaclones of 10 Gy were at with their
corresponding conventional clones The somaclones of 20 Gy of accession IC 566514

had produced smallest leaves (6 47)

v1) Leaf bieadth The somaclones of 10 Gy in accession IC 566514 had produced
leaves of maximum widt! (7 67cm) when compared to conventional clones (5 17cm)
In all the three accessions the somacloies of 10 Gy weie at par witl therr
corresponding conventional clones for this trait The somaclones of 20 Gy m

accession IC 566514 had produced leaves of mmimum width (3 50cm)

Thus at this stage of growth (eight MAP) i vifr 0 mutants having a dwarf plant type
with higher number of large leaves could be 1dentified especially from 10 Gy dose of

rradiation
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Table 66 Mean performance of somaclones selected from i vifro mutagenesis and
conventional rooted cuttings eight months after planting (eight MAP)

A Invio | Plant | Inter ode | Number Number Leaf Leaf
S5O Treatment | Mutagen | height| length of | fleaves ‘gt | breadth
no Dose | (cm) (cm) | branches (cm) | (cm)
somaclone Dy | 0 Gy 3700 300 500 3933 6 67 417
somaclone Dy | 10 Gy | 4167 250 633 6167 | 967 567
IC 566503
somaclone D, | 20 Gy | 2733 350 200 2167 | 817 433
Conventional
rooted cutt ng 63 33 4 00 10 67 7667 | 1233 | 567
CD at 5% level of s gn fcance 699 477 334 15 098
somaclone Dy [ 0Gy [ 4000 267 667 5167 | 683 400
IC 566508 somaclone D | 10 Gy | 41 67 283 900 6800 | 883 500
somaclone D, | 20 Gy [ 2500 350 567 5333 [ 700 400
Convent onal
rooted cutting 56 67 433 12 33 7667 | 917 567
CD at 5% level of s gnif cance 902 565 2820 | 105 127
somaclone D, 0Gy | 3500 267 333 3833 | 967 517
1566514 somacloneD | 10Gy | 4833 353 6 00 4667 | 1333 767
somaclone D, | 20 Gy | 16 67 200 233 2167 | 647 350
Conventional
rooted cuit ng 60 00 367 767 7333 | 953 517
CD at 5% level of s gnificance 608 249 24 19 19 094
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5. DISCUSSION

Domestication of medicinal plants or wide cultivation in farmer’s field is still
primitive, especially in southern peninsular India. But demand of medicinal plants is
increasing in exponential manner due to its recognition as a natural product to cure
almost‘all diseases occurring in human beings.- Primitive way of collection of
medicina] plants from wild conditions has led to extinction of many important
medicinal plants. Hence, there is an urgent need to domesticate these important
medicinal plants for its cultivation. Plumbago is one among the important plants
which needs both adaptation and domestication in homelands. Even though,
Plumbago species is vegetatively propagated, notable variability is occurring in this
species. To .get a clear picture about the extent of variability occurring in this species,
an exploration and collection was carried out. In order to widen the available

variability in the collected gemplasm, variability was induced through mutation and

polyploidy.

An attempt has been made here through studies on variability, character
association, genetic diversity and induction of variability through in vitro mutagenesis
and polyploidy to develop a Plumbago plant type with higher plumbagin content and

other important agronomic traits. The results obtained are discussed hereunder.

5.1 Exploration and collection of different genotypes of Plumbago specics

The detailed survey of the ecogeographical regions ranging from Western Ghats
to coastal areas of Kerala showed wide variability in the geographical distribution of
Plumbago species. The species P. rosea was mainly distributed in the areas of high
and medium altitudes especially in midlands of Kerala and hence maximum
accessions belonging to this species were collected from districts located in these
areas. Twenty five accessions of non-seed setting species Plumbago rosea and one
accessiori of seed setting species Plumbago zeylanica were collected. During the
exploration in naturally occurring areas of Plumbago species, apparently rich
variability has been noticed with respect to its morphological traits. On preliminary
evaluation of these collected accessions, the plumbagin content in Plumbago rosea

was observed to be higher than the white-flowered P. zeylanica (Plate 1). The



Plumbago gerniplasm

Plumbago rosea Plumbago capensis Plumbago zeylanica

Plate 1. Preliminary evaluation of: v« s .5, germplasm
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passport data of collected accessions were prepared and catalogued. These accessions

were assigned 1C numbers from 566499 to 566523 by NBPGR, New Delhi.

5.2 Assessment of genetic variability in collected accessions of Plumbago species

The twenty six accessions which included twenty five from P. rosea and one
from P. zeylanica were raised in replicated trial (Plate 2) and the data on
morphological traits and plumbagin content were subjected to statistical analysis. The
analysis of variance and covariance was performed and coefficients of variation,
heritability, genetic advance, correlation and path coefficient were estimated. The

results of the statistical analysis are discussed below.

52.1 Genetic Variability, heritability and genetic gain

The 26 accessions of Plumbago showed high variability with respect to
characters such as number of branches per plant, plant height, number of leaves, leaf
length, leaf breadth, fresh plant weight, fresh root weight, dry root weight and
plumbagin content(Plate 3). As such it was considered better to more vividly analyse
the performance of these accessions through estimation of different components of
variation.- High genotypic coefficient of variation (GCV) was observed for above
ground morphological characters such as number of branches and number of leaves
indicating the scope of improvement of these traits. High GCV values indicate little
influence of environment on the expression of character. Plant height and internodal
length recorded high PCV values and moderate GCV values indicating the influence
of environment on these characters. Similarly root characters such as root number,
fresh root weight and dry root weight recorded comparatively high PCV values and a
moderate GCV values. The biochemical trait plumbagin content in roots also recorded
higher PCV value when compared to a moderate GCV value. Most of the characters
showed difference between PCV and GCV suggesting that these characters were
affected by environment. The various components of variability have been shown in

Fig-1

The magnitude of variability present in a crop species is of utmost importance
as it is a key factor, which determines the amount of progress expected from selection.
The extent to which the variability of a quantitative character is transferable to the

progeny is referred to as heritability for that particular character. Genetic advance



Plate 2. Evaluation of» v » » .5, accessions in replicated trial
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IC -566510 IC-566520

IC-566500 IC-566508 IC-566522
Plate 3. Variability in Plumbago accessions for morphological and biometric traits
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refers to the improvement in genotypic value of new population as compared with the
base population and when it is expressed in percentage of mean, the new parameter is
termed as genetic gain. So to have an effective selection, along with genetic
variability, heritability and genetic gain measurements are also important. Heritability
values for various morphological and biometric characters ranged from 16.00 per cent
to 62.90 per cent. Among all the morphological traits, number of branches alone
exhibited high heritability. The remaining above ground morphological characters as
well as plumbagin content exhibited moderate heritability values. All the root
characters and internodal length exhibited low heritability values. Among the
morphological traits maximum genetic gain was expressed by number of branches
and number of leaves. Plant height, leaf length, leaf breadth, fresh plant weight, fresh
root weight and plumbagin content showed more than 20 per cent genetic gain. The
characters such as internodal length, root number, root girth and dry root weight had
shown very low genetic gain. Singh and Narayanan (1993) suggested that estimates of
heritability and genetic advance when considered together are more useful than
heritability alone. High heritability accompanied with high genetic advance indicates
that most likely the heritability is due to additive gene effects and selection may be
effective. In the present study, number of branches and number of leaves were the
only two characters that exhibited high heritability along with high genetic gain. So
selection, is effective only for these characters. Kanakamony (1998) reported high
heritability along with genetic gain for number of leaves and rhizome number in

Kaempferia galanga.

The most important trait dry root weight showed low genetic gain indicating the
ineffectiveness of selection based on yield alone.  Abraham (2002) reported low
heritability and genetic gain estimates for tuber yield in Coleus. Arya (1999) reported
very low genetic gain for plumbagin content. It may be concluded that dry root yield
and plumbagin content have to be monitored through appropriate agronomic practices

than being realized through selection alone.

5.2.2 Association of characters

A study on the association of characters is an important plant breeding activity,
since it helps to determine the relationship of yield with its components which in turn

helps to select superior genotypes from diverse genetic populations. Genotypic
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correlations provide a reliable measure of genetic association between characters and
help to differentiate the vital associations useful in breeding from non vital ones

(Falconer, 1981).

In the present investigation, the correlation studies revealed significant positive
genotypic correlation of all the characters with dry root yield except internode length
and leaf breadth (Fig.2). This was in accordance with Arya (1999) who reported
significant positive association of yield with other component characters such as plant
height, number of leaves, internode length, number of roots, fresh weight of shoot and
roots. Similar positive association between yield and its component characters were
reported in vegetatively propagated crops elike ginger (Tiwari, 2003) and
Chlorophytum borivilianum (Kumar et al, 2008).

The association of plumbagin content with the component characters showed
that number of branches, plant height, internode length and number of leaves had a
negative impact on plumbagin content. The root characters such as root girth, number
of roots and dry root yield had positive ssociation with plumbagin content. Arya
(1999) also reported a negative genotypic correlation of plant height with plumbagin
content but a positive association of dry root yield with the same. This indicates that
excess vegetative growth leads to poor fixation of plumbagin in the roots. There may
be many other factors that lead to this phenomenon. One of the factors might be the
delayed root initiation coupled with slow growth and development of roots that
necessitates for such a luscious vegetative growth. Thus, a plant having lesser number
of branches with diminished height may be selected for propagation as this will lead

to a better performance of the root characteristics.

5.2.3 Path coefficient analysis

Correlation studies are helpful in discovering the association between yield and
yield components but they do not provide a clear picture of direct and indirect causes
of such associations. However, this can be obtained through path analysis. Path
coefficient analysis is very much useful in identifying the important yield components
which can be utilized for formulation of selection parameters. In the present
investigation path analysis revealed high and positive direct effects of number of

leaves, leaf length, leaf breadth and dry root yield on plumbagin content (Fig. 3).
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Fig.3. Path diagram of ten characters with
-0.085

0.360

0.730

-0.312

0.367

0.430

0.414
0.780

0.037

0.095
9.075

-0.160

0.569

— — — — Directeffects
o Indirect cffects

X = No. of branches, X;= plant height, X= Internode length,

0.216

0.524

Plumbagin contentin Plumbago genotypes

X= No. of leaves, X= Leaf length, X= Leaf

0.674 0.700
0
0.995 0.717 >
-0.008 "Oss
G
-0.283 0.867 ey N
-0.007 i~
“a Q¢
0.766 0.380, ph %0
=< 7
" 5
0.53 e =
v
o
o0 <
vy
<
< D
~ v =
o i O L -
O o - < Q
b3 —. i (=) < g
& = S
<
/
-~ P ~
\? :
g BT
- -~ - //
-~

breadth, X,= No. of roots, X= R

oot girth, X~ Total biomass, X, Dy root weight



166 186

Similar observation was also made by Arya (1999) who reported dry root yield as a

positive and direct contributing factor of plumbagin content.

The negative direct effects of number of branches, plant height and internode
length ‘are due to negative genotypic correlations of the same with plumbagin
content, Even though number of leaves had high positive direct effect it had a
negative genotypic correlation with plumbagin content. Similarly, leaf length and leaf
breadth had very insignificant genotypic correlation. These correlations may be the
result of the indirect influence of these characters through the component characters
such plant height, number of branches and internode length. Singh and Narayanan
(1993) suggested that in such a situation direct selection for such traits can be
practised to reduce undesirable indirect effects. Dry root weight was the only root
character which exhibited a high positive dir_ect effect along with a significant
genotypic correlation with plumbagin content thus, revealing a true genetic

association of these characters.

Path coefficient analysis thus identified number of leaves, leaf length, leaf
breadth and dry root yield as the most important selection parameters for Plumbago
genotypes. Thus, a dwarf and bushy plant with large leaves and tuberous roots will

yield high plumbagin content.

5.2.4 Cluster analysis

Mahalonobis D? statistics is found to be powerful tool in the hands of plant
breeder to assess the range of dissimilarity among genotypes consequently group
them based on phenotypic expression. The variability can be further expanded in the
representative samples taken from divergent clusters through hybridization in case of
seed propagated Crops or special breeding techniques like mutation in case of

vegetatively propagated crops.

The diversity of collected accessions of Plumbago species was assessed by
cluster analysis based on Mahalanobis D? statistics and most divergent clusters were
identified for inducing variability. The 26 accessions of Plumbago species were
grouped into seven clusters. The spatial diagram of clusters and their relative distance

are represented in the cluster diagram (Fig. 4). The grouping pattern indicated that



Fig. 4 Cluster diagram
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there was no parallelism between geographic distribution and genetic diversity. These
results are in confirmation with Abraham (2002), Kumar et al. (2008) and

Radhakrishnan et al. (2008).

The clusters 111, V and VI were identified as highly divergent clusters. So as to
identify promising accessions within these clusters that could yield better plumbagin
content in consonance with dry root weight, ranking based on these attributes was
performed for the cluster members. Three superior ranking accessions of P. rosea
from highly divergent clusters (Plate 4) and one accession of P. zeylanica were
selected for inducing variability through in vitro mutagenesis and polyploidy The
accessions 1C-566508 and 1C-566514 were selected because these accessions had
very high dry root weight along with high plumbagin content and a further
enhancement of plumbagin content might be useful for large-scale extraction of
plumbagin to supplement the colchicine supply from pharmaceutical industry.
Plumbagin is well known for its colchicine like activity. Besides, the anti-cancer
properties of plumbagin make it a potential candidate for drug development against
this malignant disease. The Acc. no. 26 of P. zeylanica was selected because of its
poorest plumbagin content. Further investigation using this accession might be useful
for an optimal plumbagin. This species could also be co-opted for large scale
cultivation especially in peninsular India. The accession 1C-566503 was selected so
that further enhancement of plumbagin content of this accession might be useful in
having optimal plumbagin content recovery especially for ayurvedic preparations. The
roots are usually cured in lime water and dried or simply dried before being used in
ayurvedic preparations (Pandey, 1960).The main objective behind this practice might
have been reduction of plumbagin content. However, Menon (1999) reported presence
of additional compounds such as steroids and flavanoids with low plumbagin content
in cured root samples. This finding was reinforced by the very negligible presence of
plumbagin in the leachate obtained after curing of roots. This in turn suggested the
conversion of plumbagin to a compound having medicinal properties. Thus, the
selection of accessions of Plumbago species to induce of variability for plumbagin
content was done based on the use of plumbagin in various fields. Thus, the P.
zeylanica accession with lowest plumbagin content of 0.87 per cent, the accession IC-

566503 with an intermediate level of plumbagin content of 2.79 per cent and the



1C-566503

IC-566503

IC-566508

IC-566514

Plate 4. Plumbago rosea accessions selected for induction of variability



accessions 1C-566508 and 1C-566514 with high plumbagin content of 4.11 and 4.62

per cent were selected from cluster analysis.

5. 2. 5 Reproductive biology of Plumbago species

Flowering is observed in the two species of Plumbago but seed set occurs only
in P. zeylanica. In order to find out the causes of failure of seed set in P. rosea,
studies on reproductive biology in P. rosea and P. zeylanica were taken up .The

results of floral studies are discussed below.

5.25.1 Floral morphology

Even though the two species of Plumbago showed general characters of
Plumbaginaceae, they could be identified by specific morphological characters. The
inflorescence is a spike in both the species. It is borne either terminal or axillary
position in P. zeylanica but was observed only in terminal position in P. rosea. I\
rosea could be easily distinguished by red flowers with red calyx tube, fimbricate
style and stamens with red anthers (Plate 5) P. zeylanica is characterized by white
flowers with green calyx tube, terete style and purple anthers (Plate s). The level of
anthers and stigma are different in both species. Even though anthers in both the
species are exerted beyond a tube, the stigma in P. rosea is deeply seated inside
corolla tube due to short style. In P. zeylanica the stigma is held either at the same

level or slightly higher level than anthers.

The P. rosea accessions produced lesser floral branches than P. zeylanica. The
inflorescence of P. rosea was longer with higher number of floral buds per
inflorescence than that of P. zeylanica. Hence, P. rosea took a longer time (26.2 days)
for completion of flowering per inflorescence in comparison to P. zeylanica (19.6
days). The mean performance of the Plumbago species for various floral characters is

shown in Fig. 5.

5.25.2 Anthesis

Study of anthesis conducted at hourly intervals revealed that there is variation
between the two species in peak period of anthesis. In P. rosea the peak period of
anthesis was between 7 a.m. and s a.m. However, in P. zeylanica it was observed one

hour earlier.



Ovary Style

Plate 5. Floral morphology of e v n s 250 rosca



Ovary Style

Plate 6. Floral morphology of s ivm sago zeytanica



Fig. 5 Mean performance of Plumbago species for floral characters
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The flower opening started earlier and continued for a longer period in P.
zeyalnica. The anthesis started at 4 a.m. and continued up to 10 a.m. Flower opening
started much later in P. rosea at sa.m. and continued for a short period of 4 hours

only.

5.2.5.3 Anther dehiscence and stigma receptivity

Anther dehiscence was found to occur after flower opening in P. rosea whereas
the stigma became receptive before dehiscence of anthers indicating the presence of
protogyny (Plate7). However, in P. zeylanica anther dehiscence coincided with stigma
receptivity (Plate s). This observation was in confirmation with study conducted by

Subha (2000).

5.2.5.4 Pollen fertility and viability

Very high pollen fertility was observed in the two species in acetocarmine
staining technique (Plates 9 and 10). Subha (2000) also reported a similar result based
on acetocarmine staining technique. However, Menon (1999) had earlier reported
very low pollen fertility in P. rosea using the same staining procedure. There was no
pollen germination under in vitro conditions in both the species. Arya (1999) and

Menon (1999) also observed lack of pollen germination under in vitro conditions.

The artificial pollination studies revealed very high adhesion of pollens of the
two species of P. rosea as well as P. zeylanica on the stigma of P. zeylanica (Plate
11). However, very little pollen adhered to the stigma of P. rosea when pollinated
with pollen from P. rosea (Plate 12) and P. zeylanica (Plate 13). Similar observations
were also made by Arya (1999).Even though there was a negligible seed set in P.
zeylanica when pollinated with pollen from P. rosea the viability of pollen of P. rosea
could not be confirmed due to the non viable seed in P. zeylanica. This is in
confirmation to the observation made by Menon (1999) who noticed lack of

germination of pollen from P. rosea on the stigma of P. zeylanica.

When pollination was under taken in natural conditions, there was 40 per cent
seed set in P. zeylanica under selfing and 70 per cent seed set under open pollinated
conditions. In this species stigma receptivity was found to coincide with pollen

dehiscence. Besides, stamen and style were of equal length. Thus simultaneous



Receptive stignia Stigma losing receptivity

I ndehisced anther Completely dehisced anther

Plate 7. Anther dehiscence and stigma receptivity iNs ium s ag0 rosea



Just dehisced anther Completely dehisced anther

Plate 8. Anther dehiscence and stigma receptivity iN s v m bago zeyranica



Plate 9. Pollen grains of P. rosea Plate 10. Pollen grains of P.zeylanica
(X 400) (X 400)

Plate 11. High adhesion of pollen grains of

P. rosea on stignia of P. zeylanica (X100)

Plate 12. Pollen grains of P. rosea Plate 13. Pollen grains of P. zeylanica
on stigma of P. rosea (X100) on stigma of P. rosea (X100)
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P. rosea in MS+ BA (25 mg | 1) + NAA P. rosea in MS+ BA (1.0 mg I']) +Ads
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P. rosea in MS+ TDZ (1.0 mg I'])
P. zeylanica in MS+ BA (1.0 mg | 1) P.zeylanica in MS+ TDZ (1.0 mg I'])
+Ads (50 mg I'])

Plate 14. Culture initiation in nodal segments of s v n » .. Species



Direct initiation of shoots under light Callusing under dark conditions in
in P. rosea in P. rosea

No response in P. zeylanica

Plate 15. Culture initiation in leaf discs of Plumbago species
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explants. In the present investigation under a 16-hour photoperiod, TDZ not only
produced axillary shoot in the nodal segments but also promoted adventitious
formation of shoots in the nodal segments and leaf discs of Plumbago rosea in a
period of three weeks (Plate 14 and 15). Faisal ef al. (2005) reported similar effect of
TDZ on in vitro shoot proliferation from nodal explants of Rauvolfia tetraphylia.
Adventitious induction of shoots on leaf explants cultured on MS medium containing
TDZ have been reported in woody plant species Hydrangia quercifolia (Ledbetter and

Preece, 2004) and Pawlonia tomentosa ( Corredoira et al., 2008).

The nodal segments were therefore, carried forward for direct organogenesis

and leaf discs for callus mediated organogenesis.

5.3.2 Direct organogenesis of nodal segments

A protocol for direct organogenesis was standardised in P. rosea (Plate 16). The
nodal »segments of P. rosea as well as P. zeylanica were transferred from best culture
initiation medium (MS + BA 1.0 mg I + adenine sulphate 50 mg I'Yy after two weeks
to shoot multiplication and elongation medium containing increased concentrations of
BA from 1.0 mg I to 4.0 mg I"'. The nodal cultures of P. zeylanica showed no
response in any of the treatment combinations. The nodal cultures of P. rosea showed
maximum shoot mﬁltiplication (3.0 £ 0.14) in half strength MS medium containing
2.0 mg '1"' BA in 45 days of first subculture. Shoot multiplication was low in culture
initiation medium with adenine sulphate as well as in increaéed concentrations of BA.
The cytokinin precursor adenine sulphate was ineffective in further multiplication of
shoots in subsequeﬂt subcultures. This is in concurrence with the observation of
Sankar et al. (2007) in Trichosanthes cucumerina but contrary to the report in
Plumbago species. Rout et al. (2002) reported high frequency shoot-bud regeneration
in the leaves of P. zeylanica and P. rosea in the medium containing BA along with
adenine sulphate. Thus, in the present study.a concentration of 2.0 mg I BA was
optimum for shoot multiplication in nodal explants. Similar observations were made
in the in vitro nodal cultures of Bacopa monieri (Mohapatra and Rath, 2005) and
Tylophora indica (Nadha, 2006). '

Elongation of multiplied shoots required subculture in increased concentrations

of BA (3.0 - 4.0'mg ') with maximum elongation of 4.5 + 0.17 cm being obtained at



Shoot proliferation in Vi MS+BA (20 mg I']) Shoot elongation in MS+ BA

40mgl )
Rooting in \2MS + IBA 2 MS+ IBA (L.Omg I¥) V2 MS+ IBA(15mgl )
Primary hardening Secondary hardening

Plate 16. Protocol for direct organogenesis in nodal cultures of P.rosea
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a concentration 4.0 mg I+ BA in a period of 30 days. Even though BA is known for
high cytokinin activity, its increased concentration suppressed shoot proliferation and

promoted shoot elongation in the nodal cultures of P. rosea.

No rooting was observed in P. zeylanica cultures. However, rooting of
elongated shoots of P. rosea was achieved in half strength MS medium with three
concentrations of IBA such as 0.5, 1.0 and 1.5 mg |1 (Fig. ). Maximum cultures
showed initiation of rooting in 2: days and completion of rooting in 60 days from
inoculation in medium. Maximum root length of was obtained with 15 mg |1 IBA.
This is in conformity with Satheeshkumar and Bhavanandan (1988), and Chaplot et
al. (2006) and Preetha et al. (2007) who also reported successful rooting of in vitro

shoots of P. rosea in 1.0 to 1.5 mg I'1 IBA.

There was no rooting in P. rosea and P. zeylanica cultures in medium without
IBA as well as in medium with low concentration of IBA and sucrose. However, this
is in contrast to the following reports. Rout et al. (1999) reported successful rooting of
in vitro generated shoots from nodal cultures of P. zeylanica in half strength MS
medium with 0.25 mg F: IBA and 2.0 % sucrose. Satheesh and Seeni (2003) also
reported successful rooting of in vitro shoots of P. rosea in low IBA concentration
(0.1 mg I']). Gopalakrishnan et al. (2009) reported rooting of in vitro shoots from leaf
explants transferred to half strength MS basal medium without any plant growth

regulator.

5321 Hardening and acclimatisation of in vitro plants from direct

organogenesis

The in vitro plants of P. rosea from direct organogenesis showed a maximum of
s6.6 per cent survival in first four weeks of primary hardening in sterile sand.
However, the rate of hardening reduced to 22.2 per cent in secondary hardening stage

in potting mixture in the net house with only eight plants available for field planting
(Fig. 7).

Hardening and acclimatization is often critical stage in overall tissue culture
(Jagannathan, 1985). The success of tissue culture protocol is not only dependent on

the maximum multiplication under in vitro conditions but also eventually on the



Fig. 6 Effect of IBA onin vitro rooting of shoots regenerated from nodal explants of
P. rosea

T221BA  T23IBA T24 1BA 125 IBA T26
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| Cultures rooting (%)

Fig. 7 Hardening percentage of in vitro plants from P. rosea nodal explants
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maximum survival of plants under ex vitro conditions. In the present investigation the
nodal cultures of P. rosea showed high rate of contamination under in vitro conditions
and the plants obtained from these cultures showed a poor survival under ex-vitro
conditions. However, there are reports of 95 per cent recovery of plantlets obtained
from direct in vitro organogenesis after hardening in P. zeylanica (Rout et al. (1999)
and (Chaplot et al.,2006).

5.3.2.2 Field evaluation of in vitro plants from direct organogenesis

The in vitro plants were evaluated in pot culture for six morphological
characters namely plant height, number of branches, internodal length, number of
leaves, leaf length and leaf breadth at quarterly intervals for one year. After one year,
the plants were harvested and evaluated for seven biometric traits including
plumbagin content. The performance of the in vitro plants was compared with the

conventional rooted cutting of the accession of IC-566508 for all the traits.

The morphological evaluation revealed no significant difference between tissue
cultured plants and the plants from conventional rooted cutting for all the characters
except for leaf size and intermodal length. The in vitro plants (TCi and TC:) had
produced large sized leaves during the entire period of growth and during the last
season of growth had longer internodes compared to conventional plants (Plate 17)
Similar observations were made in palmarosa grass (Patnaik et al. 1999), in black
pepper by Sanchu (2000), Sujatha (2001) and Rathy et al. (2007) and in rose-scented

geranium (Ravindra et al., 2004).

The evaluation of biometric traits at the time of harvest, revealed significant
variation for total biomass, fresh root weight, dry root weight and plumbagin content
(Plate 18). The TC: plants had produced comparatively higher biomass (360.0 g total
biomass/ plant) as well as tuberous and heavy roots (150.0 g fresh root weight /plant)
when compared to conventional rooted plants of accession 1C-566508 (117.5 g total
biomass and 37.5 g fresh root weight).The dry root weight (45.25 g/plant)) recovered
from TC: plants was also comparatively higher than conventional plants (15.0
g/plant). The concentration of root specific compound plumbagin was higher in
conventional plants (2.25 per cent) compared to the in vitro plants (T C1-0.66 per cent,
TC2-1.33 per cent).



Evaluation of morphological traits of in vitro plants and rooted cuttings of
P.rosea

In vitro plant (TC2) Rooted cutting of accession 1C-566508

Plate 17. Field evaluation of in vitro plants from direct regeneration of P.rosea
nodal segments



Plate 18. Evaluation of in vitro and conventional plants of P.rosea at harvest
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The quality analysis of plumbagin obtained from roots of in vifro plants and
conventional plants showed similar banding pattern (Plate19). The bands produced by
root samples from in vitro plants and conventional plants were having the same Rf
value (0.55) as that of standard plumbagin. This reveals that the quality of plumbagin
from in vitro regenerated plants is comparable to that from conventional plants. There
are only few instances of evaluating in vitro derived plants against conventionally
propagated plants especially medicinal plants. Satheeshkumar and Seeni (2003)
reported a similar superior performance of the micropropagated plants of P. rosea
showing signiﬁéant increase in growth, biomass production, tuberisation of roots as
well as plumbagin content as against conventionally propagated plants. In the present
study,' the quality of pluﬁbagin was analysed in crude acetone extracts of root
samples. The quantity of plumbagin could not be estimated, as it would require a
more sophisticated  procedure like HPLC (High Performance Liquid
Chromatography).

5.3.3 Callus -mediated organogenesis

On!y leaf discs were used for callus induction studies, as leaf explants alone had
reséonded during standardisation. Further studies on callus induction were carried out
using auxins (2, 4-D, NAA), phloroglucinol and cytokinins (BA, TDZ) individually in
the basal mediwum. | CalIusiﬁg was observed in all the treatment combinations
containing auxins. However, phloroglucinol was ineffective in inducing callus when
used along with auxins. Among cytokinins only TDZ induced callusing in leaf
cultures of P. rosea. Callusing was observed only under complete dark conditions. In
Taxus species, the auxins 2, 4-D and NAA had induced higher amount and rate of
callus production in complete dark conditions compared to a 16h light/8-h dark

day/night regime (Wickremsinhé and Arteca, 1998).

Callusing was initiated in treatments with varying concentrations of auxins (2,
4-D, NAA) in one to two weeks and the texture of the callus was soft and friability
varied from wet to semi-friable. However, the callus started initiating small white
roots after six weeks of incubation (Plate 20). Similar morphogenic response of callus
cultures maintained in MS medium containing 2,4-D (2-4 mg I'"y under dark

conditions was reported by Paul (2006) and Suma and Keshavachandran (2007) in



TC Conventional Standard

TLC plate under visible light TLC plate under UV

Plate 19. TLC comparison of plumbagin from in vitro regenerated

plants and conventional plants of P. rosea vs standard plumbagin



Four weeks old cultures Six weeks old cultures

MS+ 2,4-D (1.0, 20,3.0mg I']) Rhizogenesis
MS+ NAA (1.0, 20,3.0,40mg | J) Rhizogenesis
WV MS+ NAA (1.0,20mg | J) Rhizogenesis

Plate 20. Callus induction and regeneration in varying levels of auxins



ginger. Rhizogenesis of callus produced in increased concentrations of NAA has
been reported in leaf explants of Andrographis alata (Nagaraja et al, 2003) and in
callus cultures Withania somnifera (Govindraju et al., 2003). Nikam and Sawant
(2007) also reported formation of hairy mass on the surface of callus of Ceropegia

sahyadrica produced on medium containing IAA and NAA.

The best treatment for callus induction was found to be the medium containing
TDZ. Of the four concentrations of TDZ (1.0, 1.5, 2.0, 2.5 mg I') the treatment with
2.0 mg k1 produced maximum callus index.TDZ induced compact and nodular callus
which turned green in regeneration medium containing BA (Plate 21). In the present
investigation among all the growth regulators used individually or in combination,
TDZ was identified as the best regulator for inducing organogenic callus. This is in
accordance with a report of Tawfik et al. (1998) in Rosmarinus officinalis wherein
high concentrations of TDZ (upto 2.0 mg fJ induced dark green compact callus in
leaf, stem and shoot tip explants cultured on MS medium. The difference in the
caulogenic response of the same explants in auxins and cytokinin may be due to the
varying concentration of endogenous hormones and their interaction with the

exogenously supplemented hormones (Singh, 2006).

When the compact callus was subdivided and transferred to medium
supplemented with different concentrations of BA (0.2, 1.0, 2.0, 3.0, 4.0 mg 1-1)
multiple shoots were produced (Plate 22). The best medium for regeneration was
identified as the one with BA 1.0 mg I'1 and adenine sulphate 50 mg f : which showed
maximum proliferation of callus within 14 days and generated six shoots per callus in
a single subculture after six weeks of incubation. The presence of Adenine sulfate was
found favourable for shoot proliferation in callus cultures. Similar favourable
response of adenine sulfate was reported by Chaplot et al. (2006) in leaf callus
cultures of P. zeylanica. However, the shoots produced in concentrations of BA up to
4.0 mg |1 were short. On subsequent subcultures in increased concentrations of BA
(5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 mg 1'D lead to complete suppression of shoot
multiplication as well as elongation (Plate 23) Preetha et al. (2007) made similar
observation in callus culture from nodal explants of P. rosea which produced
maximum shoots in MS medium supplemented with BA (2.0 mg 1'D) and higher

concentrations of BA were found to suppress the growth of shoots Huettemann and



MS+ TDZ (1.0mg 1] MS+ TDZ (1.5 mg I'])

MS+ TDZ (2.0 mg | ) MS+ TDZ (25 mg | 1)

Shoot hud initiation in BA

Plate 21. Callus induction and regeneration in varying levels of cytokinins
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V2 MS+BA (20 mg 1) liquid MS+BA (3.0 mg P)
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MS+BA (4.0 mg I*]) MS+BA (0.2 mg I'D) +IAA 0.1 mg 1]

Plate 22. Multiple shoot initiation in callus cultures with varying levels of BA



MS+ BA (5.0 mg P) MS+ BA (6.0mg 1]

MS+ BA (7.0mg 1)) MS+ BA (80mg 1]

MS+ BA (9.0mgl ] MS+ BA (10.0 mg | J)

Plate 23. Suppression of shoot elongation in increasing levels of BA
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Preece (1993) have reported thidiazuron to lead to formation of short shoots in vitro in
several woody species. Similar reports were also made by Ledbetter and Preece
(2004) and Corredoira et al., 2008. Cytokinins commonly stimulate shoot
proliferation and inhibit their elongation. Therefore, inhibition of shoot elongation by

TDZ may be consistent with its high cytokinin activity.

Elongation of shoots was achieved only in the medium containing GAs (0.1 mg I'D. In
the present case, GAs not only promoted shoot elongation but also rooting.
Huettemann and Preece (1993) suggested transfer of shoot cultures to a secondary
medium lacking TDZ or with a different balance of growth regulators for overcoming
the problem of shoot elongation. In general GAs promotes elongation but often
prevents shoot and root formation. So, in the present investigation the medium
containing GAs might have served as secondary medium suppressing the ‘carry over’
effect of cytokinins from the shoot proliferation medium leading to elongation and
ultimately to rooting of shoot cultures as well. The effective concentration of GAs
for shoot elongation and rooting was 0.1 mg f1 in liquid as well as semi-solid MS
medium (Plate 24). Even though GAs is rarely known to induce morphogenesis,
Ochatt et al., (1988) reported successful rooting of shoots regenerated from internodal
callus cultures Oxalis species in half strength liquid MS medium containing 0.1 mg I'1

GA3

5331 Hardening and acclimatisation of in vitro plants obtained through

callus mediated organogenesis

.

In a period of eight weeks, maximum percentage of in vitro plants (66.7 to
71.4 per cent) could be obtained from the medium containing 0.1 mg f: GAs after two
stage hardening (Fig.s). The hardening rate was higher in callus mediated
organogenesis when compared to direct organogenesis form nodal cultures. Since
there was very low microbial contamination of callus cultures, it produced maximum
number of plants. With increased rate of successful hardening, maximum recovery of

hardened plants could be achieved through callus mediated organogenesis.

Satheeshkumar and Bhavananadan (1988) reported 60 per cent survival of
plants regenerated from callus mediated organogenesis in stem cultures of Plumbago

rosea. However, later on Satheeshkumar and Seeni (2003) reported 95 to 98 per cent



MS+ GA3 (0.1 mg | J) semi-solid medium

MS+GA3 (0.3, 0.5, 0.7, 09 mg | ) MS + IBA (L5 mg | 1)

Plate 24. Shoot elongation and rooting in callus cultures of P.rosea



Fig. 8 Hardening percentage of callus regenerated plants from P. rosea
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establishment of rooted plants obtained from indirect organogenesis in young stem,

leaf and root of P. rosea that too without hardening in a period of four weeks.

5.3.4 In vitro mutagenesis

Mutations are defined as heritable changes in DNA segment that are not
produced from genetic segregation or recombination (Van Harten, 1998). Genetic
variation can be induced either by specific treatment with physical and chemical
mutagens or by tissue culture. It can also be achieved by combining the techniques of
mutation and tissue culture. Physical or chemical mutagens can be used on
undifferentiated tissues and organs without preformed axillary buds either prior to
regeneration or in different stages of adventitious meristem differentiation; thus

adding somaclonal variation source to the mutagen effects (Predieri, 2001).

The probability that the technique of mutation induction will lead to obtaining
useful material is highly dependent on the initial choice of plant material and on its
handling throughout the whole selection process. When the aim of a breeding
program is to improve only one or few traits of an existing cultivar without undesired
additional variations, the most suitable method may be the treatment and propagation
of in vitro axillary shoots without passage through undifferentiated growth. However,
the frequency of variants obtained is low. Mutation frequency is expected to increase
considerably in mutagenic treatments coupled with passages through undifferentiated
growth phases. The probability of unwanted additional variations in the selected
material also increases (Predieri, 2001). Hence, taking into consideration the above
mentioned facts, in the present investigation both nodal and callus cultures were
subjected to mutagenesis. Since the major objective of this study was improvement of
plumbagin content, selected accessions of P. rosea having improved root
characteristics namely 1C-566503, I1C-566508 and 1C-566514 were used. The
mutation of nodal cultures was aimed at inducing variability specifically for
plumbagin content. Callus cultures were used for obtaining maximium frequency of
mutation. Both physical and chemical mutagens were used for in vitro mutation.
lonizing radiation penetrates deeper into the tissue and can induce a great number of
chemical changes. Gamma rays, the most widely used ionizing radiation were used
for physical mutagenesis. As compared with physical mutagens, chemical mutagens

may give rise to relatively more gene mutations rather than chromosomal changes.
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Alkylating agents are considered to be most useful for mutation induction in plants.
Ethyl methane sulphonate (EMS) the most commonly used alkylating agent was used
for the present investigation. The results of both physical and chemical mutagenesis

are discussed below

5.3.4.1 Physical mutagenesis
5.3.4.1.1 Estimation of LD50 for nodal and callus cultures

One of the first steps in mutagenic treatments is to identify appropriate dose to
apply. It involves in the determination of dose that can cause 50 per cent reduction of
vegetative growth of treated material (LDso) when compared to the control (Gaul,
1977). Fixing of the appropriate dose of mutagen is done by estimation of LDso
values. Optimum dose is chosen from the subjected doses of each mutagen below
LDso value (Abraham, 2002).Optimum dose is the one that gives maximum number of

desirable mutants with minimum killing.

Based on the shoot and root regeneration percentage in the irradiated nodal and
callus cultures LD50 dose was fixed for gamma rays. There was shoot regeneration
and root induction in eighty per cent nodal cultures subjected to 10 Gy and 0 Gy
(control) irradiation (Fig. 9). Fifty percent nodal cultures showed shoot regeneration
up to 30 Gy but very poor or delayed rooting for the dose 20 Gy and no rooting for
the dose 30 Gy (Plate 25). Hence, the LD50 for nodal cultures was 20 Gy and three

doses below 20Gy, such as 5, 10 and 15 Gy were fixed as optimum doses.

In case of callus culture, shoot regeneration was observed in the order of 100
per cent, 90 per cent, 80 per cent and 70 per cent for cultures subjected to OGy
(control), 10 Gy, 20 Gy and 30 Gy radiations (Fig. 10). The shoots regenerated
showed elongation as well as rooting. However, 50 per cent of the cultures subjected
to 40 Gy irradiation showed rooting without shoot elongation (Plate 26). Hence, the
LDso was fixed as 40 Gy for callus cultures and three doses such as 10, 20 and 30 Gy
were fixed as optimum doses. Thus, the nodal and callus cultures differed in
radiosensitivity. Such an observation was also made by Walther and Saucer (1985) in
the in vitro cultures of Prunus avium. The sensitivity found for shoot apices (22 Gy)
was different to the one observed in basal parts (dose 29 Gy), indicating that the

physiological factors can induce a difference in sensitivity even among the various



Fig. 9 Estimation of LDso for nodal cultures
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Fig.10 Estimation of LD50 for callus cultures
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Plate 25. Regeneration in nodal cultures for estimation of LDso dose of gamma
radiation



Do- OGy (control) Dp 10Gy

D: - 20Gy D3-30Gy

D4. 40Gy D5.50Gy

Plate 26. Regeneration in callus cultures for estimation of LDso dose of gamma
radiation



181

axillary buds of a single microcutting. Radiosensitvity varies with the species and
cultivar, with physiological condition of the plant and organs, and with the
manipulation of the irradiated material before and after mutagenic treatment (Briggs

and Konzak, 1977; D’Amato, 1992).

In the present study, lower doses of radiation stimulated culture growth and
higher doses inhibited growth of cultures. In experiments of irradiation carried out
with other species the effects of gamma radiation (LDso on the basis of survival,
growth, proliferation rate, etc.) were very variable depending not only on the kind of
explants and genotype utilized for each species but also developmental stage of the
cultures. In Datura innoxia growth of callus cultures was stimulated at 0.2 kR dose of
gamma-irradiation but it decreased as radiation dose increased with complete
inhibiton of growth at 5 kR (Jain et a | 1984). Shylaja (1996) reported inhibition of
callus growth at higher doses of 40 and 50 Gy on gamma irradiation of callus cultures
in black pepper. Gavidia and Bermudez (1999) assessed the radiosensitivity of in vitro
generated shoot tips of Digitalis obscura and determined the LDso around 60 Gy.
KAU (2001) reported the highest dose of gamma radiation that in vitro ginger sprouts
could withstand as 20 Gy.

5.34.1.2 Regeneration of nodal and callus cultures at optimum doses of
radiation

Nodal cultures

The plant regeneration percentage from irradiated nodal cultures was very low
due to high contamination following transfer to the proliferation medium after
irradiation. The contamination was compounded on further subculture to shoot
elongation and rooting medium. The percentage cultures showing shoot regeneration
ranged from 45 to 50 for the optimum doses in callus cultures of the three accessions.
The percentage cultures showing shoot elongation ranged from 25 to 40 per cent in
accession 1C-566503, 20 to 50 per cent in accession 1C-566508 and 20 to 40 per cent
in accession 1C-566514 (Fig. 11).The number of rooted plants obtained for hardening,
ranged from 10 to 15 per cent in accession 1C-566503, 20 to 45 per cent in accession
IC-566508 and 10 to 20 per cent in accession 1C-566514. There was further reduction
in the recovery of plants on two stage hardening (Fig. 12). Loss of cultures after

mutagenic treatment due to contamination is occasionally reported (Shen et al., 1990),



Fig. 11 Regeneration of nodal cultures for optimum doses of irradiation
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Fig. 12 Hardening recovery from irradiation of nodal cultures
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but should be considered as a frequent cause of the perturbation of the tissue cultured

material’s physiological responses.

Callus cultures

The irradiated callus cultures of all the three accessions showed multiple shoot
regeneration for the optimum doses (10, 20, 30 Gy) of gamma radiation. The
percentage of shoot regeneration for optimum doses of radiation ranged from 60 to
100 in accessions 1C-566503 and 1C-566508. In the accession 1C-566514, 70 to 100
per cent cultures showed shoot regeneration for optimum doses of radiation. The
regenerated shoots from 10 Gy and 20 Gy irradiation showed elongation as well as
rooting in more than 70 per cent cultures of the three accessions. The cultures of 30
Gy irradiation showed a decrease in shoot elongation as well as rooting with less than
40 per cent cultures exhibiting elongation along with rooting. (Fig.13). However,
cultures with short shoots and poor rooting when transferred to liquid basal medium

with GAs (0.1 mg I']) showed improvement in shoot elongation and rooting.

The accessions differed for the number of plantlets produced per dose of
radiation (Fig. 14.). In the accession 1C-566503, callus cultures of 10 Gy irradiation
regenerated maximum number of plantlets (33 ) and callus cultures of 30 Gy
produced minimum (9).The percentage of plant regeneration from irradiated callus
piece ranged from 45 ( 30 Gy) to 165 (10 Gy), hi accession 1C-566508 the maximum
number of plantlets was produced by control treatment (40) and the minimum by
cultures of 30 Gy (s) .The percentage of plantlets produced from callus irradiated
ranged between 30 (30 Gy) and 200 (0 Gy). In accession 1C-566514, the cultures of
control treatment (0 Gy) produced maximum number of plantlets (32) and the cultures
of 30Gy irradiation produced minimum number of plantlets (10). The plant

regeneration percentage ranged from 50 (30 Gy) to 160 (0 Gy).

The effect of radiation on the morphology of the in vitro regenerated plantlets
varied in each accession. The plantlets produced by callus cultures of the accession
IC-566503 showed variation shoot length (Plate 27).The plants of 30 Gy had
maximum shoot length. The callus cultures of 1C-566508 (Plate 28) produced
plantlets with varying root length per dose of radiation. In accession 1C-566508 the

control plantlets of 1C-566508 had maximum root length. In accession 1C-566514, the



Fig. 13 Regeneration of callus cultures at optimum doses of irradiation
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Fig. 14 Plants obtained from callus cultures at optimum doses of irradiation
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Plate 27. Plants regenerated from callus cultures of 1C-566503 at optimum doses of
gamma radiation
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Plate 28. Plants regenerated from callus cultures of IC-566508 at optimum doses of
gamma radiation
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plantlets produced by irradiated callus cultures showed variation for shoot length, root

length and number of leaves (Plate 29).

The callus cultures of the two accessions IC-566503 and 1C-566514 had
regenerated short shoots at 30 Gy. These shoots were transferred to liquid basal
medium which resulted in maximum elongation. In accession 1C-566514 similar
phenomenon was observed in cultures of 10 Gy as well which were also transferred to
liquid rooting medium. Similar difference in radio sensitivity and post radiation
recovery were observed by Novak et al. (1990), (Karmarkar et al., 2001 and Obeidy
et al. (2002) in the in vitro cultures of banana cultivars. The differences in the effect
of gamma radiation on the development of plantlets of various accessions indicate that

mutation is genotype dependent.

5.3.4.1.3 In vivo selection of somacloncs obtained from in vitro mutagenesis

In general the plants obtained from in vitro regeneration are referred to as
somaclones. The somaclones from in vitro mutagenesis of the three accessions were
hardened in two stages, under laboratory (primary hardening) and net house
conditions (secondary hardening) respectively (Plate 30). None of the somaclones of
30 Gy radiation survived after secondary hardening in all the three P. rosea
accessions. The percentage survival of plants after secondary hardening in the three
accessions ranged from 34.78 to 60.61 (IC-566503), 21.40 to 61.10 (IC-566508) and
36.67 to 56.00 (1C-566514) for 0, 10 and 20 Gy of radiation doses (Fig. 15).

The somaclones recovered from hardening were evaluated for Five
morphological characters namely, plant height, internodal length, number of leaves,
leaf length and leaf breadth. Since it was difficult to carry over all the plants for field
studies, somaclonal selection based on morphological evaluation was carried out in
the net house. The somaclones per dose of radiation from three accessions showed
variation for plant height, number of leaves and leaf size. The selection of somaclones
was done on the basis of three characters namely, number of leaves, leaf length and
leaf breadth. The main objective of this study being development of Plumbago types
with high plumbagin content, the somaclonal selection was hence based on these three
traits identified as selection parameters for high plumbagin content by path analysis.

From accession 1C-566503, which showed variation for plant height as well as leaf
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Plate 29. Plants regenerated from callus cultures of 1C-566514 at optimum doses of
gamma radiation
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Plate 30. Hardening of plants obtained from in vitro mutagenesis



Fig. 15 Hardening recovery from irradiation of callus cultures
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size, three plants were selected from three doses of radiation namely, Do (control),
Di(10 Gy) and D220 Gy) based on the superiority for these characters Similarly from
accession 1C-566508 and IC-566514 somaclones were selected based on superiority
for number of leaves. The selected somaclones were carried over for replicated trial in
field. Since the formation root specific compound plumbagin takes considerable time,
evaluation of somaclones for plumbagin content must be entirely postponed until
harvest stage. Although it is not possible to select among populations as large as those
easily handled in tissue culture experiments, the responses observed in vivo are more
reliable, since plants are grown in a setting that resembles more closely the actual
field conditions. Since in the present investigation unequal number of plants were
obtained from each dose of radiation in each accession, a strategy of somaclonal
selection was adopted based on the morphological evaluation. Green house selection
for tolerance to Fusoriumm oxysporium f.sp. cubense has been reported following an
in vitro treatment with gamma -ray radiation in Musa spp. AAA group (Bhagwat and

Duncan, 1998).

534.1.4 Comparison of somaclones obtained from in vitro mutagenesis with

conventional rooted cuttings

Plumbago species when propagated through rooted cuttings require eighteen
months of cultivation for evaluation of root characters and plumbagin content. Hence,
as a part of preliminary investigation prior to main field trial, three month-old
somaclones of three Plumbago rosea accessions selected for field evaluation studies
were compared with the conventional rooted cuttings of the corresponding accessions
for morphological characters. The somaclones showed significant variation for plant
height, internode length, number of leaves and leaf size. The somaclones of control
treatment and 10 Gy radiation dose in accession 1C-566503 (Plate 31) were superior
to conventional rooted cuttings for the four mentioned characters. The somaclones of
control treatment and 20 Gy in accession IC-566508 (Plate 32) were superior to
conventional rooted cuttings for number of leaves. However, the somaclones of
accession 1C-566514 (Plate 33) were at par with conventional rooted cuttings for all

the morphological characters except leaf size.



D:-20Gy Rooted cuttings

Plate 31. Soniaclonal variants and rooted cuttings of 1C-566503
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Plate 32. Somaclonal variants and rooted cuttings of 1C-566508



DO OGy (control) Dr 10Gy

D: - 20Gy Rooted cuttings

Plate 33. Somaclonal variants and rooted cuttings of 1C-566514
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5.3.4.2 Chemical mutagenesis

In vitro mutagenesis using the chemical mutagen EMS could not be
successfully conducted due to frequent contamination of cultures during the entire
period of study. There was severe contamination in both nodal as well as callus
cultures following treatment with EMS. The method of handling mutagen treated
material may be the cause of contamination. Hence, further studies are required to

standardise the procedure for in vitro application of chemical mutagen.

5.4 Induction of polyploidy in Plumbago species

Genetic improvement through conventional recombination breeding has
limitations in Plumbago species because of complete absence of seed set in P. rosea
and the difficult germination of seeds in P. zeylanica. In such situations induced
mutation and polyploidy are the alternate methods for induction of variability. In
experiment 1l variability in Plumbago species was induced through in vitro
mutagenesis. Hence, in experiment IV induction of polyploidy in Plumbago species

was attempted by in vivo application of colchicine.

5.4.1 Methods of colchicine application

The method of colchicine application varies with species and also the mode of
propagation. Since colchicine affects only dividing cells, it is applied when the tissues
are actively dividing. In case of seed propagated crops, treating germinating seeds,
treating whole seedlings or apical bud treatment of young seedlings using cotton
swab are commonly followed. In case of vegetatively propagated and woody plants
colchicine is generally applied directly or by soaking cotton swab placed on growing
shoot apices or axillary /apical shoot buds. Cotton swab method of colchicine
application was adopted in the present investigation wherein the terminal bud was
removed and cotton swab placed in the immediate leaf axil was soaked with
colchicine (0.75%) for fixed duration continuously for seven days (Plate 34.)
Ajithmohan (1995) induced polyploidy in Kaempferia galanga wherein cotton swab
was one of the methods used for colchicine application. Similarly, in Hevea
brasiliensis, aqueous solution of colchicine (0.75 %) was applied to young bud
sprouts using cotton swab method continuously for seven days (Sankariammal and

Saraswathyamma, 2004).



Plumbago rosea

Plumbago zeylanica

Plate 34. Cotton swab method of colchicine application
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A concentration of 0.75 % of colchicine was arrived at from preliminary trial. In
the preliminary trial the survival rate of treated buds reduced with increasing
concentration of colchicine as well as duration of treatment. In other words high
lethality was noted with high dose of colchicine. Similar trend was reported by
Dhawan and Tyagi (1989) in Hyoscyamus muticus and Ajithmohan (1995) in

Kaempferia galanga.

5.4.2 Morphological evaluation of colchicine-treated axillary' branches

The growth of colchicine- treated axillary branch was similar to control plants
with no appreciable difference (Plate 35.). There was plant neither with gigas
character nor reduced vigour in both the species of Plumbago. There was no
appreciable difference between the size leaf epidermal cells as well as stomata of
colchicine treated plants and control plants. There was normal flowering in
colchicine-treated as well as control plants. Ajithmohan (1995) made a similar report
of no appreciable difference between control plants and plants obtained from cotton
swab method of colchicine treatment in Kaempferia galanga. In the present
investigation also cotton swab method was ineffective in inducing polyploidy in
Plumbago species. This may be due to less penetration of colchicine to the inner
tissues of the axillary bud. Singh (1993) has suggested repeated treatment of
colchicine at brief intervals to double the chromosome in large number of cells of
shoot apex or growing axillary' bud, since at a given time only a small proportion of
cells would be in division. The polyploid and diploid cells present in a treated shoot-
tip or axillary bud compete with each other and diploid cells may often out compete
the polyploid ones. The degree of competition varies from species to species and may

be more pronounced in perennial species like Plumbago.

There are different methods in vogue for application of colchicine. In the
present investigation only cotton swab method was tried. Hence, further studies based
on various other methods of colchicine application is required .At present no reports
are available on colchicine induced polyploidy in Plumbago species. There are also
no reports confirming the ploidy level of chromosome in the two species of Plumbago

namely, P. rosea and P. zeylanica. For the deeper understanding of absence of seed
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Plate 35.Growth of colchicine treated buds in Plumbago .species
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set in Plumbago rosea, there is need to establish the ploidy level of this species

through meiotic studies.

55 Field evaluation of somaclonal variants of Plumbago rosea obtained from in

vitro mutagenesis

The somaclonal variants obtained from in vitro gamma radiation of callus
cultures of the three P. rosea accessions were evaluated in a replicated pot culture
experiment (Plate 36). The variants had shown superiority over conventional clones at
nursery stage but did not maintain this superiority on field establishment in the first
season (four MAP). Mutation had induced drastic change in the plant stature and other
morphological traits of these variants. When compared to conventional clones the in
vitro mutants of the three accessions namely, 1C-566503, 1C-566508 and 1C-566514
were dwarf with short internodes and small leaves (Plates 37, 38 and 39). The floral
biology as well as ploidy of somaclones could not be studied since none of these
flowered during the entire flowering season whereas the conventional rooted cuttings
planted along with this flowered. The initial phenotypic observation of somaclones

indicated a dwarf plant stature.

However, in the second season (eight MAP), the somaclones had shown
significant difference for number of leaves and leaf size. Three in vitro mutants of 10
Gy irradiation belonging to three respective accessions viz., 1C-566503, 1C-566508
and 1C-566514 (Plate 40) could be identified. These were plant types of dwarf and
bushy stature with increased number of large leaves. The major objective of this
investigation being induction of variability for plumbagin content, these mutants
were having plant type for high plumbagin content as identified by path analysis.
However, the initial morphological evaluation needs to be correlated with the
plumbagin production in the final harvest stage.This will be possible only when plants
reach maturity. The assessment of plumbagin content in somaclones will thus suggest
the efficiency of in vitro mutagenesis in inducing variation for this trait in Plumbago

rosea.

The present study was undertaken with the objective of developing Plumbago
genotypes for high plumbagin content as well as other desirable agronomic traits.

With this goal in view mutation breeding under in vitro conditions and
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polyploidization under in vivo conditions was carried out to induce variability for
these traits. The plants obtained from selected accessions through in vitro mutagenesis
showed significant variation for leaf number and size. When these mutants were
raised in field showed wide variability with respect to plant type, stature and other
morphological traits. The plumbagin content of these in vitro mutants have to be

evaluated for commercial exploitation.

Based on information gathered from the present investigation, the following

future line of work has been suggested:

i.  Multiplication of the in vitro mutants for further evaluation for plumbagin

content and other desirable traits.
ii. Evaluation of the in vitro mutants for floral traits

iii.  Detailed morphological and molecular characterisation of existing genotypes

and mutants
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Plate 37. .. .i..o mutants and conventional rooted cutting of 1C-566503 (Four MAP)



Conventional rooted cutting

l)2 - 20Gy

Plate 38. In vitro mutants and conventional rooted cutting of IC-566508 (Four MAP)
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Plate 39. .. .i«ro mutants and conventional rooted cutting of IC-566514(Four MAP)
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6 SUMMARY

The present study entitled Assessment and mduction of varability
Plumbago species for high plumbagin content was carried out n the Department of
Plant Breeding and Genetics College of Horticulture Vellanikkara during 2005 2009

The programme envisaged exploration and collection of different genotypes of
Plumbago species evaluation of genetic variability for vartous morphological and
biometric traits including plumbagin content 1n the collected accessions and selection
of accessions for inducing varnability Induction of variability in the selected
Plumbago accessions was attempted through  witro mutagenesis and m vivo
polyplotddy The mutants obtamned from in vifro mutagenesis were evaluated in the
feld The other aspects included 1n the study were studies on reproductive behavior of
the two species of Plumbago and standardisation of 1 vif o regeneration The sal ent

fndings are presented below

1 Twenty five accessions of Plumbago rosea were collected from different districts
of Kerala one accession of Plumbago zeylanica and one accession from of

Plumbago capensis from Thrissur

2 Based on the passport data of collected materials IC (indigenous collection)

numbers were assigned to 25 accessions of P 70sea by NBPGR New Dellu

3 The analysis of variance 1 the 26 accessions of Plumbago revealed significant
differences for all the characters except root length and root girth The P
zeylamica accesston had a maximum plant height with maximum number of

branches

4 For all biometric traits including plumbagin content the P rosea accessions had
higher values than P zeylamca Plumbagin content was significantly low in P

zeylanica when compared to P rosea

5 High hentability coupled with high genetic gam was observed only for the

character number of branches per plant
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6 Correlation coefficient between plumbagin content and other traits exhibited
sigmificant negative genotypic association with the morphological traits such as
number of branches plant height and number of leaves but a sigmficant positive
association with the biometnc traits such as number of roots root girth and dry

root weight

7 Path coefficient analysis of important yield and morphological traits indicated
maximum positive direct effect of number of leaves followed by leaf size and dry

root weight on plumbagin content

8 Based on cluster analysis three accessions wiz IC 566503 IC 566508 and IC
566514 from the highly divergent clusters V VI and III respectively were selected
for inducing variability based on their s perior ranking for dry root weigl t and

plumbagin content
9 Floral morphology and seed setting were studied 1n the two species of Plumbago

10 Peak period of anthesis was between 6 00 to 700 am 1n P zeylamica whereas 1t

was between 700to 8 00 am 1n P rosea

11 Anther dehiscence and stigma receptivity was found to comcide with flower
opeming in P zeylanica In P 1osea the stigma became receptive only after flower
opening and lost 1ts receptivity before anther dehiscence which took place three

hours after flower opening
12 Pollen grams of both the species did not germunate under 1 vitr 0 conditions

13 On artificial pollmation the pollen grams of both the species showed least
adheston on the stigmatic surface of P rosea whereas abundant adhesion was

noticed on the stigma of P zeylanica

14 The fertility of pollen of P rosea could not be confirmed as the seeds obtaned

from P zeylanica after artificial pollination with P rosea were poorly developed

15 Inwitro regeneration could be standardised only in Plumbago rosea
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Among the different explants tried the nodal segments were found to be best for
direct organogenesis and rapid multiplication and the leaf discs were suited for

callus mediated organogenesis

The basal MS medum with 10 mg 1' BA and 50 mg 1' adenmme sulphate
considered best for direct shoot imtiation 1n the nodal segments of P 70sea seven

days

The treatment consisting of 2 0 mg 1 ' BA 1n half strength MS medium producing
on an average of three shoots per culture 1n 45 days was identified as the best for
multiplication of shoots from the nodal segments of P rosea The treatment
consisting of BA (4 0 mg 1 " 1n basal MS medium was 1dentified as the best for

shoot elongation up to 5 0 cm 1n 30 days

The treatments consisting of 1 0 and 15 mg 1' IBA respectively in half strength

MS medium were 1dentified as best rooting media for nodal segments

The i vitro regenerated plants of P sosea required two stage hardening for a
period of eight weeks The percentage success of hardeming was 22 2 per cent n

case of plantlets regenerated from nodal segments

The 1 vitro regenerated plants had larger leaves and recorded high fresh and dry
root weight than conventional plants of P 7osea 1n field condition The qualitative
analysis through thin layer chromatography emulated the presence of plumbagin
on the silica gel plate with Rf 0 55 1n both m vitro regenerated and conventional

plants

Out of 23 treatments tried for callus induction mn leaf discs of P r0sea the
treatments containing auxins such as NAA and 2 4 D produced rluzogemec callus
Non embryogemc compact callus was produced 1 the medium containg TDZ
(Thidiazuron)

The treatment with 2 0 mg 1! TDZ was 1dentified as the best treatment for callus
induction showing callusing m 75 per cent cultures with a callus index of 225 m

s1x weeks
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24 The treatment consisting basal MS medium BA (1 0 mg 1 1y and AdS 50 mg |
induced maximum average number of multiple shoots (60) six weeks after

proliferation The multiple shoot regeneration medium had produced small shoots

25 The treatments with mcreasing concentration of BA from 5 0 mg ! 't 10 0 mg 1!

suppressed shoot proliferation and elongation

26 The treatment with GAs (01 mg 1) both sohd and hqud basal MS medium

produced maximum shoot elongation and rooting

27 The percentage success of harderung after two stage hardeming ranged betv een

60 0 to 70 0 per cent m case of callus regenerated plants

28 Induction of vanabihity was attempted in Plumbago species through m vifio

mutagenesis

29 In viro mutagenesis using gamma radiation alone could be standardized in the

three accessions of P 10sea

50 Chemical mutagenesis could not be standardized due to hugh rate of contamination

both 1n callus and nodal cultures

31 In case of physical mutagenesis the nodal and callus cultures differed in radio
sensitivity The LDsg for nodal cultures was 20 Gy and three doses below 20 Gy
such as 5 10 and 15 Gy were fixed as optimum doses In case of callus culture
the LDsp was fined as 40 Gy as cultures treated with this dose showed rooting
without shoot elongation and three doses such as 10 20 and 30 Gy were fixed as

optimum doses

32 Tle callus cultures of 30 Gy rrradiation showed a decrease 1n shoot elongation as
well as root ng with less than 40 % cultures exhibiting elongation along with

rooting

33 The accessions differed for the number of plantlets produced per dose of radiation
Only plantlets from mutated callus cultures of 10 Gy and 20 Gy dose could be

successfully hardened
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34 In vivo selection of somaclones obtained from  wvifro mutagenesis was carried
out after secondary hardening based on number of leaves and leaf size from each
accession(IC 566503 IC 566508 and IC 566514) and three doses of radiation
namely Dy (control) D;(10 Gy) and D, (20Gy) for field evaluation

35 Under field conditions the somaclonal variants 1n general showed dwarf stature
and none flowered during the entire flowering season 1n contrast to the

conventional rooted cuttings

36 Three in vitro mutants of P rosea showing significant variation for morphological

traits were 1dentified based on the plant type for high plumbagim content
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ABSTRACT

The study entitled Assessment and induction of variability m Plumbago species
for high plumbagin content was carried out 1n the Department of Plant Breeding and
Genetics College of Horticulture Vellanikkara during 2005 2009 The main objective of
the study was to mduce variability 1 Plumbago species for high plumbagin content
through m vifro mutagenesis A deta led survey was conducted throughout Kerala and
accessions of Plumbago were collected from different ecogeographical reg ons ranging
from Western Ghats to coastal regtons of Kerala The species Plumbago rosea seemed to
be mamly distr buted n highlands and medum altitude especially m the midlands of
herala The passport data of the collected accessions were prepared and indigenous
collection(IC) numbers were obta ned from NBPGR New Delh1 Twenty five accessions

of Plumbago 1 0sea and one accession of Plumbago zeylanica were catalogued

Twenty six accessions thus collected were evaluated 1n replicated tr al for genetic
variability with respect to their b ometrical traits and quality To know the causes of
fa lure of seed set in Plumbago 10sea floral biology of the two species of Plumbago was
studied The data were subjected to statist cal analysis and results interpreted The twenty
s X accessions were grouped 1nto seven clusters which showed that there 1s no parallelism
between the geographical distribution and clustering pattern The path coefficient
analysis indicated that large sized leaves and ncreased dry root weight contr buted
max mu n to plumbagin content Based on the 1anking for dry root weight a1d plumbag n

content three accessions were subjected to i vitfro mutagenesis

In vit o regeneration through direct organogenesis and ndirect organogenesis was
standardised in Plur1bago rosea in MS medium Nodal segments were identified as best
explants showing direct regeneration The in v fro regenerated plants from nodal cultures
on cultivation produced significantly large tuberous roots with moderate plumbagin
content compared to conventional rooted cuttings The callus derived from leaves
regenerated shoots and roots Thus mass multiplication of Plumbago rosea through

tissue culture was standardised



In vitro mutagenesis of selected accessions of P rosea was successfully carned
out Based on percentage of regeneration LDsp values of 20 Gy and 40 Gy were fixed for
nodal cultures and callus cultures respectively The hardened plants obtamed from
selected accessions through m vitro mutagenesis showed significant vanation for leaf
number and size Based on these characters vanants were selected and carried over for
field establishment m pot culture The tissue culture vanants on field establishment
showed wide variability with respect to its stature plant type and other morphological
traits Three in vitro mutants having plant type with large leaves and short stature for high
plumbagin content were 1dentified The plumbagin content of these i1 vitro mutants have

to be evaluated for 1ts commercial exploitation




