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1. INTRODUCTION

Flowers are among the loveliest objects on this
earth, and among flowers rose is eulogised as the 'Queen’.
Rose occupies an unique position among flowers, not only of
its importance in ornamental gardening, but also of its
aesthetic value as cut fiower. Fragrance of rose 1is
enchanting and isg commercially exploi;ed in perfumery

industries.

The genus Rosa is very largde. The chromosome

number varies from 2n 14 to 2n = 56; but most species are
diploid or tetraploid. The commercially grown cultivars are
generally triploid or tetraploid. Rose being highly
heterozygous, 'with a complex genetic constitution,
improvement through conventional breeding methods is
cumbersome and slow. However, the heterozygosity can be

advantageous in mutation breeding as it increases the -

spectrum of variability.

The general trend in ornamental crops viz.,
"different is better", certainly applies to rose as well. A
slight difference in colour, shade or any other desirable

character may open a new avenue for growers and traders.



Natural mutation -has played'a very important role
in the evolutionary history of rose cultivars. The
occurrence of spontaneous mutation or *budsports®' is at the
mercy of nature and is quite often retrogressive, Hence
organized and cpnffolled efforts to induce variation by
artificial means have been resorted to increase the frequency
of 8uch events. The rapid growth in theoretical
understanding and technical advancement in the induction and
recovery of mutations have triggered a dynamic phase in the
use of induced mutations as a supplement to, or rather a
substitute for, the conventional method of breeding. Genetic
improvement of ornamental plants, particularly vegetatively
propagated plants through induced mutation is one of the
potential areas of research, as it is possible to improve one

or a few characters of an otherwise excellent cultivar

v

—————

(Broertjes,~et’a{. 1976!

One of the major difficulties in the mutation
breeding of higher plants is the formation of chimeras.
Plants with drastic induced variation have been naturally
"eliminated due to vigorous diplontic selection (Swaminathan
et a}., (1970), and Goud et al., 1970). These problems can
be sblved to a great extent by adopting in vivo and in vitro
propagation methods which enable the successful production of
sclid mutants, that can be recognized sooner and propagated

' more easily.



Plant cell culture has provided a rapid and
, exciting option for obtaining increased genetic variability.
In Vftro techniques are becoming important in mutation

breeding to obtain desirable mutants and to restrict chimera

- =
L]

formationi(Broertjes. et al. 1976, Roest, 1977). PP IV RV

Callus culture is also being used fbr irradiation.
Compared to a cell in a well organized apex, a mutated cell
in a mass of cells will have more chance of survival and
regeneration. The majority of the mutants produced by this
method will be solid, especially if the shoots are
regenerated from a repeated subculture of irradiated callus,
since the number of cells from which adventitious shoots
originate Iin vitro seems to be restricted. In vitro

propagatioh by callus culture has been reported in many

ornamentals like Chrysanthemum morifolium (Ben.Jaacov and

Langhans 1968), Gladiolus 8p. (Simonsen and

Hilderbr&ndt,lQTI)-Petunia sp. (Binding, 197%).

Irradiation of explant like axillary bud, leaf
disc, petiole, pedicel and peduncle is another possible means
for the production of mutants, especially when adventitious

shoots are regenerated in vitro from them.

The present investigation was undertaken with the

following objectives.



To assess the optimum dose of gamma rays for inducing

variations under in vivo and in vitro culture techniques,

To find out the effect of gamma rays on various

morphological and biometrical attributes.

To standardise In vitro culture conditions and techniques

for In vitro mutagenesis in rose,

To isloate mutants induc?9’2§3gamma rays both under in

vivo and in vitro culture.



REVIEW OF LITERATURE



2. REVIEW OF LITERATURE

In numerous ornamentals the appearance of sports is
a source of variability often used in developing new
cultivars. Such sports in vegetatively propagated plant
species may be caused by uncovering of and rearrangements in
existing periclinal chimeras, by replacement of the epidermal
layer with deeper tissue or by spontaneously ariseing
mutations 1in single cells, Over a period of 25 years, about
20 per cent of all rose cultivars were developed from sports
(Krussmann, 1974). Amongst 5819 cultivars marketed from 1937
to 1976, 865 have developed from bud mutation, out of which
289 were climbers (Haenchen and Gelfert, 1978) .,
Multicoloured cultivars and those normally grown under
protected cultivation mutate more rapidly than others. Only
five cultivars have been known to be produced by induced
mutation namely ‘Desi’, 'Flemingo Quéen', ‘Milena’,

'Permoser’, and ‘'September Wedding’.

Heslot (1964) reported that spontaneous mutations
occur more frequently, and ﬁave caused a valuable increase in
genetic variation especially in Hybrid Tea group. The more
significant bud sport in rose include the mutation in the
Centifolia group (Hurst and Breeze, 1922), the induction of
climbing character in Hybrid Tea roses (Morey, 1854) and the

mutation responsible for the production of brilliant orange



coloured flowers in dwarf polyantha roses (Wylie, 1955a,b).
Wylie, 1855a reported that the climbing Hybrid Teas had
occasionally arisen, following a cross between two varieties,
but more commonly from bud mutations. Examples of stable
Hybrid Tea climbing sports are °"Climbing Crimson Glory' and
‘Climbing Mrs Sam Mc Greedy®’. She also reported that Hybrid
Tea varieties of bush habit, in addition to climbing form,
have frequently arisen by bud mutation. She estimated that
more than 54 per cent varieties of dwarf polyanthas

originated as sports.

Saakow (1960) studied the history of bud mutation,
in a number of cultivars on the time of mutation in relation
to the age of the variety, the degree of mutation in relation
to the genofype as well as the tendency df the flower colour
to mutate, in relation to the flower colour of the initial
cultivar. Climbing types have been found to result from
mutation rather often. He reported that ;Ophelia' produced
22 varieties through bud sporting for seventeen years from
1916, and *‘Mme Butterfly’®, the best of 'Ophelia’ sports had
given rise to séven new varieties in the same way. Saakow
(1960) and McFarland (1958) showed further examples of éport
groups of rose varieties such as ‘Radiance’ and ‘Mme Caroline
Test QOut' group. He also established that rose groups such
as Hybrid Tea, Polyantha and Peretiana have a tendency to

induce most bud mutations spontaneously.



The worla famous rose variety 'Peace’ also produced
several sport varieties including ‘Chicago Peace’ and 'Peace
Port’ (Nakajima ,1965). Malik and Singh (1880) reported ‘Nav
Sadabahar’ and- "Pink Montezuma’' to be natural bud sports

originated from cultivars ‘Sadabahar’ and ‘Montezuma’.

2.1. INDUCED MUTATION IN ROSE

Mutagenic aétion of X-rays was discovered by Muller
in 1927 on Drosophila and in 1928 by Stgdler in barley (H.
vulgare) and maize (Z. mays). In 1944 Auerbach and Robson
showed that nitrogen mustards produced mutation 1in
Drosophila. Subsequently a number of chemicals with

mutagenic action were described.

Important ionising radiationgw: - <..2 effective on
biological materials are X-rays, gamma rays, fast neutron,
alpha rays and beta rays. In rose, different plant parts
namély budwpod, whole plants, pollen grains, seeds and

cuttings can be used for mutagen treatment.

2.1.1. Mutation induction by X - rays

Gelin (1955) reported induction of mutation in rose
by X-rays. Experiments conducted by Streitberg (1964, 1966
a,b and 1967) with 42 rose cultivars revealed a linear

relationship of bud mortality to X-ray dose but varieties



differed in their éensitivity to irradiation. Several mutants
with different flower colour, form and size of the flower
were produced. OQut of a total of 14.9 per cent 'of mutation
produced, 5.8 per cent shéwed new variations, the remaining
9.1 per cent representing repetitions. The most suitable

range of X-rays for rose shoots was 1.5 to 3.5 kR.

After irradiation of five cultivars namely 'Peace’,
‘Queen Elizabeth', ‘'Better Times', 'Baccaria’ and ‘Tropicana’
with X-ray doses of T7-8 kR, Chan (1986) reported =several
mutations that affected flower colour and growth habit. The
mutant ‘Desi’ characterised by dark red stripes on yellow
petals was praduced by X-ray irradiation of variety.‘Gloria

Dei* at 3 kR.

Harney (1976) obtained ‘'Flamingo Queen' as a mutant
of 'Queen Elizabeth' when treated with 7-8 kR X-ray and
Strietberg (1977), obtained the mutant ‘Permoser’ from

'Kordes_Perfecta’ by treating the buds at 1.5 kR X-rays.
2.1.2, Mutation induction by gamma rays

2,1.2.1, Cuttings

Latha and Gupta (1971) irradiated the stem cuttings
with doses 2,4,8, and B8kR. They recorded the survival of

plants, flower and essential o0il yield and production of



normal and abnormal flowers in 12 gamma irradiated and non-
irradiated scented hybrid tea cultivars during the second
vear after irradiation. Tpey reporte¢ that flowers from
irradiated plants were generally smaller and contained less

oil than those of control.

Gupta et al. (19882) irradiated the cuttings of Rosa

damascena with gamma rays at 1 and 2 kR.end reported

reduction in sprouting, sprout number and plant height.

Guo et al. (1983) irradiated the cuttings of rose

cultivars 'Gruss an Berlin'’, 'Super Star’' and 'John Strong’
with- 2,4,6, and 8 kR gamma rays. Flower colour nutations
were observed in ‘Gruss an Berlin’ and ‘John Strong’® 6

months after flowering.

Benteka (1985) irradiated single node cuttings of
variety ‘Sonia’ with .2,.3, 4, 5§ and 6 kR and rooted them
under mist. He réported that the optimum dose of irradiation
was found to be between 4 and § KkBH. He observed the
reduction in the number of non-chimeral mutation in shoots of
third bud generation. The third bud generation was found to

be the most suitable matefial to obtain non-chimeral shoots.

Huang and Chen (1986) irradiated the green shoots

of several cultivars including 'Crimson Glory’, 'Super Star’,

s

‘Condesa de Sastago’, 'Peace’, "Pink Peace’ and 'South Seas’.
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Four new cultivars namely 'Ji Guanj', 'Xia Guang Wan Dac’,
‘Zhen Jie and ‘Nan Hai Lang Husa'’ were established from stable

mutant clones.

2.1.2.2. Budwood

Gupta and Shukla (1970) irradiated budwood of
'Montezumﬁ’ and ‘Super Star’ with 4, 5 and 6 kR of gamma
rays. Two years after irradiation they observed mutation in
flower colour and shape in ‘Montezuma’ Dark coloured, light
pink coloured and compact petalled mutation, were induceq
from ‘Montezuma' after gamma irradiation. The highest number
of mutation was produced after exposure to 5 kR gamma rays.
The éﬁltivar *Super Star’ was found to be more radio

sensitive than "Montezuma'.

Gupta and Shukla (1971 a, b) irradiated bud wood of
twelve scented cultivars of garden rose with 4 kR gamma rays.
Somatic mutations were induced in flower colour in ‘Bettina’,
‘Lady Florence Stronge’, 'Mc Gredy's Sunset’' and ‘'President
Poincare’. They also sugdested that the irradiated plants
should be kept under observation for several years to detect

mutation.

Kaicker and Swarup (1972) induced colour mutations -
in three cultivars namely Christian Dior’, ‘Queen Elizabeth’

and ‘Kiss of Fire' by treating the dormant buds with gamma



rays at 5 - 10 kR. They also found that 10 kR gamma rays was

toxic to all survived under Delhi conditions.

Usenbaev and Iman Kulova (1974) irradiated buds of
four cultivars with 0.5 to 3.0 kR of gamma rays and grafted

them on Rosa canina. They obtained 20 sports with changes in

flower colour and petal number after five years.

Based on the studies conducted on control and gamma
ray induced mutants of Montezuma, Lata and Gupta (1875)
suggested that the wvariation exhibited by the mutants may be

chromosomal and / or genic in nature.

Dommergues (1976) explained that the changes in
flower colour might be due to a change in the nature of
pigments themselves although most of them were already

present in the plant.

Lata (1980) irradiated bud wood of seven rose
cultivars viz. ‘Caledonia’, ‘Oklahoma’, 'Papa Meilland’,
‘Pink Parfait®’, ‘Prelude’, ‘'Quebec’ and Virgo with 3, 4, and
5 kR of acute gamma rays. She isolated three mutations one
in growth habit, and two in flower colour. The results
indicated that the floribunda rose ‘Pink Parfait' was the

most suitable one for the induction of mutation.

Datta and Gupta (1982a) irradiated bud wood of rose

cv. ‘'Junior Miss' with 3, 4, and 5 kR of gamma rays, and
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reported a flower colour mutation from 3 kR treated
populatiép in the second year after drastic pruning. The
original colour of ‘Junior Miss’® was pink, whereas:.: the

mutant colour was almost white.

Datta and Gupta (1983) obtained 3 mutants ‘Empire
Yellow’, ‘Tangerine Orange® and ‘Deep Pink’' from cv.
‘Contempo’ by irradiating the buds 3 - 5 kR gamma rays. The
‘Contempo’ flowers are orange with an vellow eye at the base
of petals. The 'Empire Yellow' mutant was almost similar to
the yellow eye colour of ‘Contempo’. They explained that
somatic flower changes in 'Contempo’ were due to qualitative
and quantitative changes in biosynthetic pathway of pigments

induced by irradiation.

Datta and Gupta ﬁ1984) reported two mutant
varieties viz,, 'Saroda' and ‘Sukumari’ induced by exposing
budwood of ov. ‘Queen Elizabeth’ and ‘Junior Miss’ to 3 KkR.
The mutant tissue detected in vM, was isolatéd and multiplied
by repeated budding. The mutant 'Saroda’ produced very light

pink flowers, and ‘Sukumari’ almost white flowers.

Datta (1985) irradiated budwood of nine cultivars
at 3, 4-and 5 kR gamma rays. He found differential
sensitivity among the rose cultivars. The cultivar ‘'Orange
sengation’' was found almost sensitive and 'Kiss of Fire' the

most resistant to irradiation. Somatic mutations in flower
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colour and types were recorded in chimeric forms. He
iéolated Bix mutation in pure form from four cultivars.
Datta (1986b) studied the effect of recurrent gamma
irradiaton on rose cv, 'Contempo’. Recurrent gamma
irradiaton showed cumulative effect on sprouting, survival
and plant height. Percentage of somatic mutation and
spectrum of mutations were higher after recurrent irradiaton,

in comparison to single irradiation.

Kaicker and Dhyani (1986) and Kaicker (1988) found
that the most effective dose was 2.5 kKR with cultivar
‘Folklore' and there was a decrease in mutated sector in 5 kR
treatment. They obtained a mutant with reduced number of
petals from ‘Doris Tysterman’ after 4 XR treatment. They

detected five stable mutants in cultivar *‘Folklore’.

2.1.2.3. Whole Plants

Dommergues et al. (1967) exposed a number of
varieties belonging to the diploid, triploid and tetraploid
groups to gamma rays. They compared the reactions of diploid
cultivars 'Gloria Mundi’ and 'Border King' with those of
triploid 'Orange Triumph' and tetraﬁloid ‘Peace’ and several
others to gamma rays. A large number of mutants had been
induced, isolated and multiplied by grafting. One year old

plants were treated with gamma rays 8-9 kR and two years
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after treatment, mutations in number and shape of the petal,
flower colour and growth habit were observed. Thé survival,
rearrangement of pre-existing periclinal chimeras and
mutations in the cultivars were different, both between and

within the ploidy groups.

Heslot (1964, 88) treated plants of diploid,
triploid and fetraploid cultivars with 4 and 8 kKR gamma rays.
High frequencies of mutation were obtained in cultivars
‘Orange Triumph' and °‘Gloria Mundi’® due to pre-existing
periclinal chimerism, wherea$. several mutatnts also appeared

in other cultivars.

Naka jima (1970) irradiated plants at 10 kR gamma
rays upte 10 days. The cultivars showed difference in
response to radiation. The cultivar ‘Crimson Glory'’, ‘Golden
Master .Piece®' rarely mutated, whereas.. many sports were
produced by 'Peace’, 'Queen Elizabeth; and 'Kordes Perfecta’.

Flower colour was characteristic and most frequently mutated.

Desai (1973) subjected 38 cultivars of rose to |
chronic and semichronic éamma irradiation and found that
doses of 8 to 10 kR in 10 to 20 days to be the most effective
to bring about mutations for flower colour and number of

petals.

Nakajima (1977) exposed potted plants of cv.

‘Peace’ to gamma rays at 15 kR and shoots cut back 6-8 times
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for 2 years to produce 9 mutants showing changes in flowgr,
leaf and thorn’characters. Six mutants were induced by
treatment with 10 kR. He also reported that high radiation
dosages in early April were most lethal to ‘Kordes Perfecta’,
less to ‘Peace’ and least to ‘Super Star’. Plants of Bgég
wichuriana and E;rugosa were all killed by 10 days exposure
to 20 kR gamma rays in spring, where;hs over 50 per cent of
normal R. multiflora and thornless clones survived exposure

to 30 kR.

Desai and Abraham (1978) irradiated one year old
250 potted plants belonging to 30 cultivars of rose with
chronic gamma rays. A dose of about 8 kR chronic gamma rays
wasg found optimum fof induction of mutations. They isolated
3 mutants with'oomplete flower colour change from two

cultivars namely 'Saroya’ and ‘'Confidence’.

2.1.2.4, Pollen Grains

Klimenko et al. (1974) reported that ganma
irradiation of pollen at 5 to 20 kR raised the germination
percentage but higher doses lowered it. The critical
irradiation dose (LDyy) was between 40 and 600 kR and LDyoo
between 75 and 650 kR. The pellen of cultivars ‘Kordes’,
‘Sondermeldung’® and ‘Dortmand’ showed outstanding resistance

to radiation.
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2.1.2.5. Seeds

]

Klimenko et al. (1975) reported that gamma
irradiation at 1 to 50 kR, generally depressed or inhibited
seed germination, and seedling emergence in five rose
cultivars. In some cases, however, low doses stimulated seed
germination, plént growth, vigour and induced morphological

- changes.

2.1.2.8. Effect of gamma rays on morphological characters

In general, gamma irradiation of budwood resulted
in delayed sprouting of buds, lower percentage of bud sprout,
and reduction in plant height [Gupta and Shukla, (1970);
Kaicker and Swarup (1972, 78); Lata (1880); Gupta and Datta

(1982); Gupta et al., (1982); Datta, (1986, 1987 and 1988)].

Kaicker and Swarup (1872, 1978) observed that,
irradiation with gamma rays delayed sprouting of buds from
six to nine months in ‘'Christian Dior’ and by one year in

‘'Kigs of Fire’.

Lata (1980) found that the LDg, for white and mauve
flowered cultivar was lower than that for yellow, red or pink
flowered ones, the latter being more prone to mutations.
Many phenotypically detectable variations in leaf, flower and

growth habit were recorded in irradiated population.
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Datta (1985) reported differential sensitivity to
rose cultivars with respect to sprouting, survival and plant

height as a result of irradiation.

Kaicker and Swarup (1972), Deasai and Abraham
(1978, Gupta and Datta (1982) observed several leaf
abnormalities 1like simple, narrow, thickened, chlorophyll
mosaic leaves, leaves with forked and joined leafgﬁets, and

unequal development of leaf lamina.

Nishida et al. (1867) found delay in time of
flowering after ‘irradiation in ‘Crimson Glory® under chronic
gamma ray exposure. The number of petals decreased at higher
exposure rates. Delay in time of flowering was also reported
by Kaicker and Swarup (1972) with higher doses of
irradiation. Stimulation in flowering was also reported by
Gupta and shukla (1971 a) in cultivara 'SuzonLothe’
‘Priscilla and ‘Hadley®’ after irradiation. Kaicker and
Swarup (1972) observed forked flower bud initiation as one of

the primary effects of radiation in some shoots.

Gupta and Shukla (1970) Datta and Gupta (1882 a, b)
and Guo et al. (1983) reported reduction in the total number

of flowers produced and petal weight after irradiation,

Irulappan and Rao (1981) assessed the effect of

gamma rays on edward roses. In le generafion. flower weight
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and number and weight of flowers per plant were sBignificantly
increased in all mutagenic treatments. In the vM, generation,
increased values were observed for number and weight of
flowers per plant. Desai and Abraham (1978) found that lower

doses of irradiation produced bigger flowers.

2.1.2.7. Effect of radiation on flower pigments

The floral pigments of induced mutants and that of
original cultivars of rose were studied by Heslot (1968). He
found that the nature of pigment did not alter, but the
pigments showed either an increase or decrease of one or

several of the pigments found in control.

Kaicker and Pandey (1973) evolved a pethod for the
extraction of pigments fforochrome A and B from ornamental
plants. They studied the florochrome contents of two rose
cultivars 'Christian Dior’ and ‘'Gulzar’ and reported minute

quantitative changes in pigment content in mutant.

Dommergues (1976) explained that the changes in
flower colour might be due to a change in the nature of
pigment themselves although most of them were already present

in the plant.

Gupta and Datta (1882), Datta and Gupta (1982 a b)
and Datta (1986 c) studied the pigments of petals in some of

the mutants by thin layer chromatography and
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spectrophotometric method. They cqnfirmed that mutation
might have taken place in four major directions. In the
first case, the mutagen might result in either increase or
decrease or both in concentration of one or more&. existing
pigments. In the second case the difference might be due to
blockage of one or more pigments’ synthesis, and this might
be associated with increase or decrease in concentration of
one or more existing pigments: In the third case, the
mutation might give rise to a new pigment which may be
associated with increase or decrease in the concentration of
one or more existing pigment. In the fourth case mutation
might result in synthesis of a new pigment as well as in
blocking 6f development of one or more existing pigments.
The situation may be associated with either increase or
decrease or both in concentration of one or more existing

pigments.
2.1.2.8. Cytological effect of irradiation

Tackholm (1920) reported that cytologically Rosa
forms a regular polyploid series from 2x to 8x. Besides
various ploidy levels, the occurrence of aneuploidy,
structural hybridity and irregular meiosis are common in

garden roses (Shahare and Shastry, 19863).

Meiotic studies on control and gamma ray induced

mutants of rose cultivar ‘'Montezuma’ were carried out by Lata
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and Gupta {(1975). - They observed‘that, ‘Montezuma' and two of
its gamma ray induced mutants presented a marked difference
in their cytological features. Their Pollen Mother Cell
(PMC) meiosis revealed greal variation with regard to
chromosome association at metaphase I, which comprised of
univalents, bivalents trivalents and quadrivalents. Ring
shaped quadrivalents were more common than chains. The
frequency of quadrivalents was enhanced in mutant plants.
The percentage of PMCs with precocious separation, laggards
and bridges at anaphase was found to be higher in mutants as
compared with the control plants, The pollen fertility
.decreased in pink flowered but increased in reddish orange

flowered mutant compared to the control.

2.2. IN VITRO CULTURE OF ROSE

Traeditionally most of the ornamental quality Rosa
speci_es have been propagated by budding. Budding is slow
and cumbersome., The development of tissue culture
technology has been accelerated by its commercialization.
Tissue culture propagation offers many advantages over the
conventional methods. It offers a method to increase
valuable genotypes rapidly and expedite the release of

improved varieties.



21

There are three major routes of in vitro
propagation viz., enhanced release of axillary buds,
organogenesis and somatic embryogenesis, (Murashige, 1974).
All the different methods have been attempted in rose, of

which the first method reported to be most successful,

2.2.1. Embryo Culture

Embryo culture in rose was first established by
Lammerts in 1946. Asen and Larson (1951) have detailed their
procedure for embryo culture. The potential use of embryo
culture to rescue particular crosses which otherwise might
abort was the goal of the rose breeder. Another very
practical use of embryo culture relates to the rapid seed

germination in vitro.

Von Abrams and Hand (19568) reported 98 per cent
germination of seeds of a fertile cross in embryo germination
medium in 14 days, on comparison to 66.9 per cent germination

of seeds in 180 days when sown in soil,.

Graifenberg (1973) reported that, when the achene
(seed) of R. canina was broken and the naked embryo was
excised and grown on Knudson medium (KC), the embryos
germinated quite well. About 30 per cent of the fruits
vielded transplant size plants in about 3-4 months. In

contrast no plants were obtained from intact achenes.



2.2.2. Anther Culture

Tabaeezadeh and Khosh-Xhui, (1981) studied the
response of anthers of two Rosa spp to various levels of
auxins and cytokinins at different bud stages and light
conditions. They found that Murashige and Skoog (MS) medium
with 2.0 mg/1 IAA (Indole Acetic Acid) and 0.4 mg/l1 kinetin
was generally best for-anther culture of R. damascena, Mill,
while medium with 7.5 mg/1 (IAA) and 0.8 mg/l! kinetin was
optimum for R. hybrida. Culture of anthers of R. damascena
when a few petals are visible on the flower bud and of R.
hybrida when the flower bud is completely close has been
recommended. Both species produced more callus in the dark

than in light, at both stages of bud development.

2.2.3. Protoplast Culture

Protoplasts were first isclated from Paul'’s
Scarlet’ rose cultivars in 1873 by Pearce and Cocking.
Strauss and Potrykus (1880) isolated protoplasts from cell
suspension cultures and achieved sustained deviation of
proioplasts by plating +them on agar solidified M x G medium,
The first change in plated protoplasts was deviation from
spﬂerical shape due to cell wall synthesis on the third day
'at 27°. From these first cells micro and macrocolonies were

!
developed. The macrocolonies were plated to form calli.
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Frequent subculturing in the early =stages of division was

essential.
2.2.4. Suspension Cultures

The use of rose tissue for physiological
investigations has been very important since 1957, when
Tulecke and Nickell (1959) established a cell line of Paul’s
Scarlet rose from the young stem. Cell lines of this
cultivar have been used to study various aspects of cell
suspension, growth and metabolism (Nash and Davies, 1872),
minimal constituents of tissue culture medium (Nesius et al.,
1972), carbondioxide and pH requirement of non-photosynthetic
cells (Nesius and Fletcher, 1973), the effects of
carbohydrate and nitrogen concentration on phenol synthesis
{Amorim et al., 1977) and glutamate synthesis (Feletcher,

1974).

Suspension cultures of R. glauca and R. damascena
have also been established and used for studies similar to
those for Paul’s Scarlet rose. Suspension cultures of R.
glauca were used to study the structure of primary cell wall
(Joseleau and chambat, 1884a,b) and lignin production

(Mollard and Robert,1984).

2.2.5., Meristem Culture

Eliiot (1970) reported successful culturing of-rose
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meristem tips on a defined medium containing inorganic salts,
sucrose, thiamine, inositol and a cytokinin. Excised shoot
apices (0.6 or 1.0 mm) of R. multiflora were grown'in axenic
culture on defined media including auxins, gibberellic acid
and cytokinins. In the presence of zeatin (1078-10""M) and
6-benzylaminopurine (BAP) (10__7 - IO_BM), apices grew into
plantlets, but two other cytohhins [Kinetin and 6~ (3- methyl
but -2- enyl) - aminopurinel were ineffective. Auxins and
gibberellic acid (GA3) were either inhibitory or had no

effect on differentiation.

2.2.6. Callus culture and somatic organogenesis

Callus culture of rose have been established in
many laboratories. The most famous lines were those

established in ‘Pauls Scarlet’rose cultivar.

Hill (1987) reported the formation of shoot
primordia’ in long term stem callus cultures of hybrid tea
rose. He failed tc produce norﬁal shoots by freaquent
subculturing on various media, however, he got a bud with

trifoliate leaves in one culture.

Jacoba et al. (1968) reported that, a modified Knob
and Berthelot medium supplemented with Indole Butyric Acid
(IBA) proved satisfactory for the growth of pith callus,
Addition of IBA 1.0 mg/l resulted in bud formation although

P
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no roots were produced. Jacobs et al. (1969, 1970) studied
the effect of auxins, cytokinin and gibberellin on the growth
of callus and stated that callus growth was dependent on the
presence of Naphthalene Acetic Acid (NAA), and growih was
further stimulated by the addition of kinetin at low
concentrations (0.05 to 0.5 mg/1l)., The amount of callus
produced was influenced by both the ratio between NAA and

kinetin and their concentration.

Kireeva et al. (1977) found that petal leaf, sepal
and embryo of essential oil vielding rose variety "Krymskaya
Krasnaya” showed optimum callus formation on MS medium
supplemented with 2; 4-Dichloro phenoxyacetic acid 1 - 4
mg/l, and kinetin 0.05 - 0.1 mg/l. They also observed the
presence 65 essential oil, glycoside bound terpenes and
aromatic alcohols in the callus produced from different
explants except embryo, which are similar in composition to

those found in the same organs of intact plant.

Wulster and Sacalis {(1980) studied the effect of
auxin and cytokinin on ethylene evolution and growth of rose
callus tissue, and reported that ethylene evolution from

callus tissue of rose Roge hybrida grown in air tight vesasels

was not enhanced by the presence of auxin and cytokinin in
the culture medium. Callus growth was not adversely affected

by increased ethylene levels.
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Khosh-Khui and Sink (1982 b) used leaf and -stem
explants for the production of callus. They observed faster
callus initiation in the dark than in light, but callus

deteriorated when continuously subcultured in the dark.

Li (1983) studied the effect of ‘Phloridzin’ on in
vitro culture of R. hybrida and reported that callus
formation and bud differentiation can be improved by the

treatment of ‘phloridzin’ 3.0 mg/l.

Adventitious shoot formation from callus cultures
of R. persica and R. xanthina on MS medium supplemented with
4,4 - 8,8 uM BAP and 0.54 - 1.62 uM NAA was reported by
Twpddle et al, (1984) and Lloyd et al. 1988. Shoot formation
was obtained from fresh callus produced from internodal
segments. Shoots with trifoliate leaves and slender stems
survived, where_as unifoliate leaved plants with thick fleshy
stems failed to survive. There was considerable variation in
leaf morphology among the regenerants of R. persica x
R. xanthina. They also observed that organogenic cells
contained few starch grains and callus which lost organogénic

potential contained large numbers of starch grains.

Gavish et al. (1986) and Zieslin ef al. (1987)

reported that growth of callus of rose cultivars ‘Sonia’ and
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‘Golden Times' was extensively promoted when cultured
‘together with callus of BRosa. indica major but to a lesser

extent by callus from Rosa canina inermis. It was explained

that a diffusible promotive factor which affected the growth
of callus of cv. Sonia exists in the tissue of rose rootstock

cv. R. indica major  and to a lesser extent in R. canina

inermis.

_ Lloyd et al. (1988) further explained that other
species which they tested (R. laevigata and R. wichuriana)
failed to form adventitious shoots. Cells of these calli,
like those of nonmorphogenic R. persica x B; xanthing,

contained numerous starch grains.

Rout et al. (1992) reported successful In vitro
regeneration of shoots from callua cultures of Rosa hybridas
L.cv. Landora. Internodal segments from pot—-grown plants and
leaf disc from in vitro proliferated shoots were induced to
form callus on modified MS salts reduced to half strength,
2 mg/1 BAP, 0.01 mg/l1 NAA, 10 mg/l GA5 AND 600 mg/l L -
proline or L - ¢glutamine. Adventitious shoot buds
differentiated within 5-6 weeks, by subculturing the calli on
modified induction medium consisting of half strength MS
supplemented with 0.2 mg /1 BAP, 0.01 mg/1 NAA, 5, 10, or 20
mg/1 GAz and 600 mg/l of either L - proline or L -
glutamine. Regenerated shoots were successfully rooted

within 10 days.on liquid medium containing half strength MS
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basal salts and 0.! mg/1 NAA. The rooted plants after
hardening could be transplanted to pots in the green house

with 75 to 80 per cent survival.

Al

2.2.7T. Somatic Embryogenesis

Rout et al. (1989c) developed the protocol for the
induction of somatic embrycgenesis in callus cultures of Rosa
hybrida cv. Landora. Friable callus was obtained frim
immature leaf and stem internode segment on MS medium
supplemented with 0.5 mg/1 BAP, 1.0 mg/l1 NAA, 0.5 - 2.0 mg/l
2.4-D and 30 g/l sucrose. Somatic embryos were initiated on
half strength MS supplemented with 0.5 mg/1 BAP 0.01 mg/l
NAA, 0.1 mg/1 GAq and various concentrations of I-proline

(200 - 800 mg/l). But the embryos showed abnormalities in

shape structure and number of cotyledons.

Rout et al. (1991) observed that some of the
som&tic embryos were morphologically normal showing distinct
cotyledons and radicles. The embryos were loosely attached
to the mother callus with short suspensor like structures at
the basal end. Somatic embryos also arose from the basal
region of other embryos in clusters, indicating a clear case
of secondary somatic embryogenesis. On subculturing the
somatic embryos on a regeneration medium, 12 per cent of the
embryos elongated and formed leaves, but failed to develop

into a piantlet.
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2.2.8. Shoot tip culture

In shoot tip culture, the explants may be the whole
or part of an apical or lateral growing point of a stem or it
may be a stem section of several nodes. Shoots tips and

axillary buds are generally used for tissue culture in Yose.

Skirivin and Chu (1979 a,b) achieved shoot
proliferation of 'Forever Yours'’ greed:house rose (Rosa
hybrida L.) using modified MS salt medium complemented with
BAP 2.0 mg/l1 and NAA 0.1 mg/l. Rooting of the shoots was
reported on one quarter strength MS medium without hormones
and the plantlets were transferred to soil and grew well in

the green_house.

Hasegawa (1979) reported three fold multiplication
of shoots from shoot tip, and lateral buds of rose cultivar
‘Improved Blaze' on MS medium supplemented with 3.0 mg/1 BAP
and 0.3 hg/l TAA after 3 weeks of culture. Roots could be
initiated from 590 per.cent of shoots after transfer to a
medium conteining 0.3 mg/l ITAA alone or with 0.3 mg/l BAP.
Regenerated plants were successfully transferred to soil

after 2 weeks.

Hasegawa (1980) obtained six fold multiplication of
shoots from shoot tip cultures of ‘'Improved Blaze' on a
medium- containing MS salt, thiamine HElI (0.5 mg/1)},

Pyridoxine HCl (0.5 mg/l), Nicotinic acid (0.05 mg/l),
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glycine (2.0 mg/1), bacto - agar (8 g/1), IAA (0.3 mg/1) and
BAP 1.0, 3.0, or 10.0 mg/l. No further increase in
multiplication rate was obtained by extending the length of
culture period. In vitro proliferated shoots cultured for 10
- 14 days on the MS medium without growth regulators
initiated roots and could be transplanted to the soil.
However, root formation and transplantability were enhanced
by NAA (0.03 or 0.1 mg/l) or IAA (1.0 mg/l), and by lowering

the MS salt concentration to one quarter or half strength.

A method for rapid micropropagation of seven rose
cultivars by the stimulation of axillary bud was developed by
Davies (1980). He obtained.a multiplication rate of 3 - 5 in
a 4 weeks period, over a series of subcultures. In addition
to rooting ih éitro, he achieved rooting of culturedfshoots
under standard green’ house condition on transferring to 1:1
mixture of sterilized peat and perlite moistened with wdter

or liquid MS medium without hormones.

Martin et al. (1980) reported lérge scale micro
propagation of glass:mouse roses, outdoor floribundas,
miniature roses and a range of rootstocks, oh a modified MS
medfum containing auxin, cytokinin and gibberellin in
quantities varying with the clones. The micrqzbropagated
plants were compared for 3 years with the grafted plants and

it was reported that micropropagated plants produced 10 per
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cent more flowers during the first year and 20 per cent more

in the second and third years.

Avramis et al. (1982 a,b) reported in vitro culture

bf rose root steck Rosa -indica major. Nodes and shoot apices

produced shoots on MS medium with 0.1 mg/l NAA. They also
reported that increased rooting efficiency was obtained by
pre treatment with NAA 0.5 mg/]l and /or sucrose at 6 per cent

before planting in an 1:1 peat vermiculate mixure,

Bressan et al. (1982) studied the factors affecting
in vitro propagation of rose cultivars °‘'Golden Glow’ and
‘Improved Blaze', and observed that, the node position from
which axillary buds were isgolated markedly affected their
. 8rowth and development. Buds nearest to and foarthest from
the apex either failed to develop, or took the longest time
to develop. They also reported that plants which initiated
roots at 16,21 or 26%; had the highest 1level of transplant
survival and root initiatioh was adversely affected by the
length of time the cultures were ﬁaintained in the

multiplication medium prior to transfer to. rooting medium.

Hyndman (1982) found that lowering the total
mineral salt level in nutrient medium provided a more
favourable nitrogen salt concentration for rhizogenesis than

that provided by MS salt formulation. The number and length
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of roots in in Vitré derived shoots of cv. 'Improved Blaze’
increased as the concentration of total nitrogen in the MS

salt formulation was reduced from 60 mM to 7.5 mM.

Pittet and Mancousin (1982) conducted in vitro
propagation studies in rose cultivar ‘Joyfulness’ and found
that IBA at 0.01mg/l1 and BAP at 0.5 mg/l weretgest for the
establfshment phase of lateral buds while for shoot
proliferation IBA at 0.1 mg/]l and BAFP at 0.5 mg/]l were found
to be better. They had also obtained 100 per cent rooting by
dipping the shoots in NAA 1.0 mg/]l for 1 hour before planting

them in perlite.

Microzpropagation caoamparisons were made beitween two

Rosa hybrida cv. ‘Tropicana’ and 'Bridal Pink' and tﬁo old

world spp. R. canina and R. damascena Mill by Khosh-Khui and
Sink (1982 al. They observed variation in growth regulator
requirement and rate of multiplication not only between two

Rosa hybrida cvs. but also between the old world spp. Khosh-

Khui and Sink (1982 c) studied the effect of combinations of
ayxin sources and concentrations, temperature shift, light
intensity and light reduction on shoot tip cultures of Rosa
hybrida L. *'Bridal Pink’ in relation to root formation. They
reported that IBA alone did not stimulate rooting while IAA
and NAA singly and in combinations with them were more

effective in stimulating rooting. An additive effect on
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rooting exiéted between NAA and IAA in many of the
concentrations tested. Reducing light intensities to 1.0 k
lux or lower and incubating the cultures for 1 week at 5°¢,

helped to enhance rooting.

Aldrufeu et al. (1983) reported the rooting

efficiency of in vitro plantlets of Rosa cv. ‘Rufa’® on

different substrates added to the medium, With the culture
medium containing sacchrose, the percéntage of rooted plants
was 100 per cent in cellulose, sand and vermiculate and 80
per cent in perlite and peat (TKS.1). However, there was
variation in the number and size of the roots grown in each

substrate.

Preil and Meier Dinkel! (1983) suggested that
dormant axillary buds are more suitable for in vitro culture
than shoot tips and they root in 2 weeks. Bini el al.

(1883), in their studies on multiplicatin of Rosa indica

major using axillary bud explants observed that BAP and
zeatin gave the greatest increase in multiplication
coefficient, but zeatin imparted a chlorotic and glassy

appearance to the explant.

Barve et al. (1984) reported an effective method
for rapid propagation of rose cvs. ‘Crimson Glory’ and
‘Glenfiditch’ from axillary vegetative buds with 10 mm stem

portions. Buds proliferated well on MS medium containing
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kinetin dt 0.2 mg/1 + BAP 0.5 mg/l. Good rooting was
obtained on proliferated shoots by lowering the MS
concentration to half strength, and adding IAA, IBA and

indole propionic acid (IPA), each at 0.5 mg/1.

Lauwaars (1984) reported successful in vitro
propagation of "Ilona’ and ‘Red Success’ rose cultivars with
axillary buds on MS medium supplemented with sucrose 4 per
cent, BAP 2 ag/l aend IAA 0.004 mg/l. Cai et al. (1984)
reported rapid propagation of clones of china rose (Rosa
chinensis) using axillary bud explants. The cultivars showed
differenées in the proliferation rate and growth of shoots.

Lefering (1985) reported that highest percentage of
success was obtained in rose cultivars 'Moﬁtrea’, ‘Disco’,
‘Madelon' and ‘Ilona’ using nodal sections with dormant bud
that had just coloured, but the position of the bud on the
shoot and the season of propagafion also influenced success.
The shoots were directly rooted on rock wool or compost
under plastic cover in the glass house following a 2 hours

soak in IBA solution.

Sauer el al. (1985) tested the suitability for in
vitro propagation of six tetraploid rose cultivars viz.,
‘Gabriella’, ‘'Lorena’, '8151-1', ‘Ilseta’, ‘Mercedeoes’,

‘Duftwolke’ and three diploid lines viz., 79/81-18,
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80/240-1, 83/299-1 on MS medium containing 0.1 ppm NAA and 2°
ppm BAP, and founa that the number of plantlets regenerated
were 278 and 1472 respectively. The productivity increased
during subsequent subcultures. Hicro propagated shoofs of
all cultivars and lines rooted in 9-14 days in one third

strength MS medium containing 2 ppm IAA.

Curir et al. (1985) reported successful in vitro

propagation of rose cultivars ‘Bellona’, 'Bingo’, °‘Candia’,
‘Cocktail-80°' and .'Sonia’. Bud protliferation was achieved
using modified MS medium with thiamine 2 mg/l, myoinositol

100 mg/1 and rooting was promoted by IAA 0.8 mg/l with low
sucrose., Three days of culture in presence of activated
charcoal followed by transfer to the fresh medium was found

highly effective in enhancing growth of primary explant.

Alekhno and Vysotskii (1886,87) reported that by
growing microsthtings in a,L horizontal position during shoot
proliferation, the propagation coefficient can be doubled,
coﬁpared with growing in vertical position. They also
observed more than doubled propagation coefficient compared
to solid medium, when a combined solid/liquid medium
comprising a 7-8 mm solid layver witp MS salts, 0.5 mg/l
thiamine, 0.5 mg/l inositol, 0.2 to 1.0 mg/l BAP, 30 g/l
sugar and 15-20 g agar/l, covered with a liquid medium of
same composition without agar. AThey explained that the

improved results were due fto better accessibility of active
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substance from the liquid and a large contact area of the

explants with the medium.

Mederos and Rodriguez (1987) studied the factors
affecting shoot tip and axillary bud growth and morphogenesis
in in vitro propagation of rose cv. ‘Golden Times'’. They
observed that the type and age of the explant, its position
on the mother plant, and the physiological stages of the same
had an influence on the multiplication rate of roses in
vitro. They found that shoots growing from herbaceous stem
at vegetative stage developed better than those from the
corky and older stems. Buds located at the middle of the
stem grew best, and presence of small petiole fragments
inhibited the dévelopment of their adjacent axillary buds.
They also observed that development of shoot was best when

the buds were taken at the flowering stage.

Alderson et al., (1988) observed that the rooting of
cultured shoots of rose cvs 'Dainty 'Dinah’u ‘Crimson
Rosamini’ and ‘Dicjana’ was influenced by temperature dpring
multiplication and rooting phases and by auxin (IBA) in the
rooting medium. They found that cellulose moistened with
liquid medium can be used successfully as the rooting medium.
They also reported that inclusion of fungicide in the liquid

medium was essential for the control of fungi which caused
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breakdown of the cellulose rods and were detrimental‘to the

growth of young plants during establishment in compost.

The factors influencing acclimatization of Rosa
hybrida plants, nultiplied iIn viitro were studied by
Podwyszynska and Hempel (1988). They found that shoots of
all rose cultivars formed on the media with smaller
concentration of BAP (0.25 and 0.5 mg/l) rooted and
acclimatized better than shoots from the media with higher
concentration of BAP (1.0 and 2.0 mg/l). They also observed
that absence of IAA in the rooting medium significantly

improved plantlet acclimatization.

Dubois et al. (1988) compared the plant habit,
growth and develeopment of 36 dwarf rose cvs., propagated in
vitro and by cuttings, and found that plants from Iin vitro
material flowered earlier, had shorter shoots, fewer and
shorter internodes and more number of longer laterals than

plants from cuttings.

Li (1988) reported that the rooting efficiency of
l-aminobenzo triazole (ABT) was higher than NAA and IBA. He
found that 86.7 per cent shoots derived from bud explants

produced roots in the presence of ABT 2 mg/l.

Rout et al. (1989a) reported in vitroc mass scale

multiplication of Rosa hybrida cv. Landora using dormant
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axillary bud explants. 'The number ‘of shoots produced per
explant waéﬁ%igheat on the-medium containing 0.5 mg/l BAP,
and 0.25 mg/1 GA3 and best rooting was observed in about 8
days in medium éontaining 0.25 mg/l of NAA and 0.1 mg/l1 2, 4-
D. Rout et al. (1989b) observed shoot mdltiplication from

axillary buds of Rosa hybrida L. cv. *‘Queen Elizabeth’ using

MS medium supplemented with BAP 0.1 mg/l. Micropropagated
shoots were easily rooted in half strength MS liquid medium
supplemented with 0.25 mg/1 of NAA. Rooted microshoots were
successfully acclimatized, apd more than 70 per cent su}vived

upon transfer to potted soil.

Rout et al. (1990) compared the shoot

multiplication response of six Rosa hybrida L. cultivars

viz., “Landora’, 'Queen Elizapeth’. ‘Happiness’ 'Virgo', 'Sea
Pearl’, '‘Super Star' and thornless root stock Rosa
multifliora. They found that all the cultivars and thornleas
rootstock exhibited axillary bud proliferation on MS medium
supplemented with BAP, GAg, NAA, IAA at varying
concentrations and combinations. The cultivars and species
showed considerable variation with respect to growth regulé@

requirement and rate of multiplication.

Campos and Salome (1990) reported mass propagation
of dwarf rose cultivar 'Rosamini’® using shoot tip and
axillary bud explants. Multiplication rates of s8ix to seven

fold were reached every 4 weeks. Multiplication rate
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decreased with prolonged maintenance of shoots without
subculture. They also observed that flowerbud break occured
in early stage after transfer of rooted plant to pots and

occasionally occured in culture vessels.

Bhat (1992) reported shoot proliferation of Rosa
hybrida L. in a medium supplemented with ﬁAA 0.1 mg/l and
GA3 0.5mg/1. The maximum rooting efficiency was obtained in
a medium supplemented with IBA 0.5 mg/l. He also found out
that for.successful ex Vitro.establishment the In vitro grown
plantlets required a constant incubation at 70-80 per cent
relative humidity for seven days and then it can be reduced

to 50 per cent for the subsequent three days.

:

2.3. INDUCED MUTATION ADOPTING IN VITRO CULTURE

Induced mutation in biotechnology hasmgreat
potential in contributing to crop improvement by introducing
new variation and thereby widening the genetic base. Plant
cells can be exposed to physical and chemical mutagens for

inducing variability followed by selecting desirable mutants.

Bajaj (1971) based on a study of direct and
indirect effect of gamma irradiation on the seeds, seedlings,

callus tissue cultures, excised roots, ovules and embryos has
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observed that, callus tissue culturesare more radio-resistant

than intact seedlings.

In two cvs. of Chrysanthemum,Mabuchi and Kuwada
(1975) reported that, gamma irradiaton of shoot tip cultures
resulted in the production of plants healthy enough to trans-
plant. The higher the radiation dose the lesser was the
survival rate. A few of .the plants that survived tpe winter

were those irradiated with a dose less than 20 kR.

An effective chemical mutagenesis procedure for

Petunia hybrida cell suspension cultures was reported by

Coljin et al. (1879). Among the various chemical mutagens .

tested Nitroso guanidine was the most effective one.

Johnson (1980) using gamma irradiation achieved in
vitro induced separation of chimeral genotypes in carnation

(Dianthus caryophyllus) from meristem cultures and macerated

shoot tip cultures.

Roest et al. (1980) irradiated the detached leaves

of two genotypes of Begonia hiemalis with different doses of

X-rays and when the leaf disc explants were cultured in viitreo
about 30 per cent of plantlets produced after two cycles were
mutants with respect to colour, size and form of leaves and
flowers. Majority of the mutants (98.5 per cent) were found

to be non-chimeric.
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Unrooted‘cuttings, callus and suspension cultures
of five Chrysanthemum clones were irradiated with gamma rays
at 1.2 - 1.8 kR (Jung and Horn, 1980). Frequency of
variation in flower colour was relatively low in plants from
treated cuttings, but it was higher in plants from treated
nodes and highest from suspension cultures reaching 38-67 per

cent depending on the clone.

Sunnio et al. (1984, 1986) proposed a procedure for
In Vifro mutation breeding of potato. Two hundred and
thirtyfive plants obtained from buds of cultivar ‘'Desiree’
cultured on modified MS medium were irradiated with 3kR of
gamma rays and single node pieces were subcultured twice.
After about 40 days, VMI plants were cut into single node
pieces and transferred to fresh medium. Among the 1094
plants established, 158 mutations were detected; 38 of leaf
size and shape, 39 of leaf colour (dark green, pale green),
24 of flower colour, (wﬁite or dark purple) 1 of flower ghape
{exerted style), 7 of anthocyanin deficient stems, 5 of dwarf
type and 46 of tuber s8kin colour (yellow, dark purple or
spotted). O0f 102 mutants, 78 were apparently homogeneous

while 24 appeared to be chimeric.

Duron and Decourtye, (1986) reported that when

Weigela cv 'Bristcl Ruby' cultured in vitro was gamma

irradiated with doses 20-60 gray (1 Gray = 100 rads) bud.
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survival, rhizogenésis and cutting growth were found to be
affected at doses 30 Gy and few buds survived at 60 Gy dose.
Mutaﬁts produced from irradiated buds appeared to be
homogeneous at first but after 2 — 3 years 40 per cent proved

to be periclinal chimeras.

Axillary shoots from In vitro derived microshoots
of two lines of Gerbera (A26 and 82/19/16) were irradiated
with X-ray doses between 10 and 25 Gy (Walther and Sauer,
1988¢). During 16 weeks of post-irradiation culture, the
radiosensitivity was estimated based on the explant survival
rate, number of developed shoots on the first cut off date
(27 days after irradiation) and the cumulative number of
axillary shoots on four subsequent dates. They observed that
higher X-ray doses resuited in greater inhibition of shoot
generation and radiation induced damage was higher in AZ26

than in 82/19/16.

Kleffel ot al. (1988) obtained homozygous ‘'whwh'

mutants in Poinsettia, by X-irradiation (10-80 Gy) of

.immobilized embryonic cells heterozygous for anthocyanin
synthesis (thh).' Mutation rates increased with increasing
X-ray doses reaching 8.9 per cent at 860 Gy, but the survival

rates decreased with increasing doses.

Tissue cultures, derived from flowering buds of

Arctostaphylos were cultivated in the dark on MS medium
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supplemented with 10 mg/1 IBA and 1.0 mg/l kinetin. The
cultupes were gamma irradiated in their 10th to 18th
subculture five times at an interval of four weeks with
doses of 2.5 to 5 Gy or with doses between 2.5 to 160 Gy.
Compared with the controls, the growth of the irradiated
cultures decreased with increasing radiation doses. The
highest dose (160 Gy) was lethal to the calli. None of the
radiation treatments induced embryogenesis. The number of
very large cells in the calli increased with increasing

radiation doses (Duskova et al. 1988)

2.3.1. Induced Mutation in Rose Adopting In vitro Culture

Walther and sauer (1986 a) obseyved that tetraploid
rose cultivars responded in a different‘manner to X-ray
irradiation of in vitro derived microshoots. Based on their
studies with six tetraploid rose cultivars, it was suggested
_that radiosensitivity of any cultivar can be estimated by
determining the survival rate of explants, the productivity
of axillary shoots and inhibition of shoot development on the

first day of cut off.

A broad spectrum of variability was induced by
applying X-ray doses between 25 and 60 Gy to basal segments
of in vitro derived microshoots of rose cultivar ‘Ilseta’

followed by repeated cutting of axillary shoots from treated
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mother plants. The mutation comprised of 73 per cent flower
mutants with variation in size, colour, and number of petals,
14 per cent with altered growth and 13 per cent with modified
leaves. They also observed that a period of about 9 months
ﬁas required to select the mutants ready for grafting into

rootstock.



MATERIALS AND METHODS



3. MATERTALS AND METHODS

The éresent investigation on induced muta::genesis
in rose under in vivo and in vitro culture was carried out
a; the Department of Agricultural Botany and the Tissue
Culture Laboratofy attached to the Department of

Horticulture, College of Agdriculture, Vellayani, during the

period from 1989 to 1993.

3.1. INDUCED MUTATION ADOPTING IN VIVO CULTURE

Three. rose cultivars (plateé 1 to 3) namely -
‘Alliance’ (white), 'Suraga’(pink) and ‘Folklore’(light red)
belonging to the hybrid tea group were selected for induced

mutagenesis adopting in vivo culture technique.

3.1.1. Collection of materials

The material for irradiation was the budwoods
collected at three different stages viz., on the day of
flower opening and three and six days after flower opening.
Buds were collected only from healthy shoots. Budwoods of
- eight to ten cm length having three to five dormant buds were

used for irradiation. While collecting budwoods, three buds

. =
immediately below the flower were discarded.%The_qo;maggy of -

the selected buds were six days.
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CULTIVARS (HYBRID TEAS) SELECTED FOR
INDUCED MUTAGENESIS

PLATE 1. cv. ALLIANCE

PLATE 2. cv. SURAGA






PLATE 3. cv. FOLKLORE






48

3.1.2. Treatment with gamma_rays

The budwoods of the three differenf stages were
grouped into six uniférm'lots, each baving a minimum of 30
dormant buds suitable for buddfng. Each lot of buds was
exposed to 6OCo.gan_lma. irradiation at doses of 0, 20, 30, 40,
50 and 80 GY at:0.1296 mR/hour at the gamma cell source
available aﬁ.the Radiotracer Laboratory, Kerala Agricultural

University, Vellanikkara.
3.1.3. Method of budding

On the second day of irradiation the treaygd buds
and control were separated and T-budded on rooted rooféiég;u:
raised in ng;thene bags of 20 x 15 cm. Two months after
establishment, they were transferred to earthen pots of 12

inches diameter and 14 inches height. Uniform cultural and

management practices were adopted during the entire growth

= = e
: period:The genotype of the rootstock used is Rosa multiflora.

3.1.4. Experimental design and layout

A 3 x 3 x B8 factorial experiment with factors
Qiz., varjeties, bud stages and gamma rays was layed out in
RBD with two.replications. Each treatment contained 15
potted plants. As there was no budtake at 60 Gy, this
treatment was omitted from the analysis of the data.

One cultivar (cv. Folklore) was selected for in vitro
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mutagenesis. A 5 x § factorial experiment was layed out in

RBD with factors viz., bud stages and gamma rays.

3.1.5. Observation

In order to determine the effect of gamma rays on
rose at different growth stages, observations were recorded
from five plants selected at randoﬁ from each treatment in
vM; deneration. The observations on flower characters were

recorded on the basis of ten flowers per treatment.

3.1.5.1. Days to bud-take

Observation on days to bud- take was recorded at
fortnightly intervals from the second to the tenth fortnight.
The initial growth of buds (0.5 cm) was taken as the
successful index of budtake. The buds remaining dormant or

without activation were not considered.

3.1.5.2. Percentage of sprouting

The total number of buds sprouted per - . .
treatment was counted to calculate the percentage of
sprouting. All the sprouted buds were taken into account

irrespective of their survival.
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3.1.5.3. Percentage of survival

The total number of plants that survived six months
after budding was recorded for each treatment to calculate

the percentage of survival.
3.1.5.4, Effective dose (EDSO)

The dose of gamma rays to get 50 per cent survival
of plants (EDg5) six months after budding was calculated.
The relationship betweén survival percentage (f) and gamma
irradiation (X) is described by a modified exponential
function of the form

Y = K + Ab*

where, Y survival percentage

X the dose.

The survival percentage with respect to treatments
were adjusted for the control survival percentage using

Abbett's formulae (Finney, 1971).
3.1.5.5. Plant height (cm)

. Plant height was measured from the bud union to the

tip of the main shoot, six months after budding.
3.1.5.6. Primary branches per plant

The number of primary branches per plant was

recorded one year after budding.



3.1.5.7. Prickle density

The number of well developed prickles was counted
over a length of 10 cm in the middle portion of the stem and
the prickle density expressed as the number of prickles per

cm of shoot length.
3.1.5.8. Leaves per plant

The total number of leaves in the plant six months

after budding was taken as leaves per plant.
3.1.5.9. Abnormalities in leaves and growth habit

The plants were regularly observed for recording
the abnormalities in leaves and growth pattern. The plants
showing variations in leaf size, shape or chlorophyll
distribution were compared with the untreated ones with

normal leaves.
3.1.5.10. Days taken to flowering

The days taken to flowering from the date of
budding were recorded from 5 plants per treatment and the

means worked out.

3.1.5.11. Neck length (cm)

The length from the terminal node to the base of

the flower bud was measured and recorded as neck length.



3.1.5.12. Flower diameter (cm)
¢

-

'The diameter of tem fully opened flower was

measured and the mean recorded. ‘Tﬁé‘]argeqt diameter of B&Ch
Iflower ‘was -taken for calculaLlngﬁthe mean flower d1ameter

3.1.5.13. Flower weight (g)

Fresh flower weight was taken on the day of flower
opening immediately after excision to prevent - . .. water

loss from the flowers.
3.1.5.14. Petal weight (g)

Fresh petals from each flower were weighed for
calculating the mean petal weight of flower and

expresased 'in g.
3.1.5.15. Petals per flower

The number of petals was counted from ten flowers

in each treatment and the mean was calculated.
3.1.5.16. Flowers per plant

The total number of flowers produced in five sample
plants of each treatment was recorded separately for a period

of one year and the means calculated.
3.1.5.17. Abnormalities in flowers

Observations were made on flowers to assess induced
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abnormalities if any, on variation in colour, shape, 8ize or
number of petals. Changes in flower colour were compared

using Munsell soil charts (1954).
3.1.6. Observations in sz generation

Plants or branches showing variation in the first
vegetative generation were marked and buds from such branches
were again budded on stock plants to observe their

performance in sz generation.

3.2, IN VITRO CULTURE OF ROSE

In general three main modes of in vitro propagation
. are practiced namely enhanced release of axillary buds,
somatic>organogenesis and somatic embryogenesis. In the
present study also all these three methods were attempted to
identify the most suitable and viable method for in vitro

mutagenesis in rose.

3.2.1. Raising Mother plants

Budded plants of rose variety 'Fqlklore’ were
raised in large sized pots of 12" diameter and 16" height. A
potting mixture consisting of soil, sand and cattle manure in
1:1:1 proportion was used for raising the plants. The plants
were watered twice daily and sprayed with systemic fuﬁgicide

(benlate, 0.1 per cent) at fortnightly intervals. However,
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the explants were’collected one week after spraying to reduce
contamination subsequently in culture. The insect pests were
cbntrodled with nuvacron (0.05 per cent spray). Care was
taken to maintain the plants in perfect healthy condition as

far as possible.

3.2.2. Explant choice

The explants tried for the enhanced release of buds
were shoot tip and axillary / lateral buds. Callus inducfion
and subsequent somatic organogenesis aﬁd embryogenesis were
tried with internodal segments and leaf discs. The
internodal segments were collected from young healthy
vegetative shoots after removing the shoot tip. The leaf
discs were coilected from young leaves on the day of its full
opening. All the explants were immersed in distilled water
immediately after collection and washed thoroughly in

distilled water 3-5 times prior to surface sterilization.
3.2.3. Surface sterilization

Explants collected from field grown plants
harboured a lot of fungi and microbes. Hence they were
subjected to surface sterilization to avoid contamination in
the medium. Surface sterilization was standardised using
mercuric chloride as the sterilant with different

concentrations and time intervals (Table 1).



Table 1. Trials on surface sterilization for different
explants using mercuric chloride.
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Explant Concentration Duration
(per cent) (Minutes)
Shoot tip ' 0.06 0.08 0.10 6 12 18
Axillary bud 0.08 0©.08 0.10 6 12 18
Internodal segment 0.06 0.08 0.10 | 3] 12 18
Leaf disc 0.08 008 0.10 3] 12 18
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The surface sterilization procedures were carried
cout under perfect aseptic conditions in a laminar air flow
cabinet. After surface sterilization, the explants were
immersed in sterile distilled water and subjected to
intermittent shaking for five minutes and the procedure was
repeated thrice to remove the sterilant thoroughly. The
ends of the explants were sharply cut and removed using
sterile surgicai-blade to avoid any chance of dead tissue due
to surface sterilization. The explants were then inoculated

into culture tubes containing 15ml of Murashige and Skoog
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(MS) aemi—solid me&ium (Table 2). The pHE of the medium was
ad justed to 5.8. Tﬁe tubes were incubated at 26120 and 70
per cent relative humidity under white fluorescent 1light,
approximately 3000 lux intensity at 10/14 hour 1light-dark

regime,

The percentage of explants which remained healthy
and green without any contamination, after two weeks was
recorded and this formed the measure to assess the effect of

different treatments.

3.2.4. Size and type of explant

Inorder to fix the optimum size of different
explants, a trial was also conducted using shoot tips and
axillary buds of varying size. The experiment for enhanced
release of axillary buds was tested with shopt tip and
axillary'buds and for callus induction,internodal sedments

and leaf discs were tried (Table 3).



.Table 2.

L et et ey e e —— T —— S B —

KNO,
NH,NO4

MgS0,.7TH,0
CaCl,.2H,0

Hipronutrients

H,BO4
MnSO, . 4H,0
' ZnS04.7TH,0
NaMoO, . 2H,0
CuS0, . 5H,0
CoCl,. 6H,0
KI
FeS0,.TH,0
Na,EDTA

Vitamins

Thiamine. HC!
Pyridoxine.HCI
Nicotinic acid

~Others
Glycine
Myo-inositol
Sucrose
Agar
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——— - —

1900.
1650.
170.
370.
440.

O O O ™

% — g/1. Murashige and skoog (1982)

Composition of MS medium used for
culture of rose

. 200
22.
. 800
. 250
.0256
.025
. 830
27.
37.

300

800
300

.10
.50
.06

tissue
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Table 3. Trials on size of the explants for in vitro culture

of rose

S1.No. Method of . Type of the Size of the

multiplication explant explant (cm)
1. Enhanced release of

axillary bud Shoot tip 0.5and 1.0
2. s Axillary bud 0.5 and 1.0
3. Callus induction Internocdal segment 0.5 and 1.0
4. ' Leaf disc

{1) with petiole 1.0

(2) Without petiole 1.0

The fully opened young leaves were collected from
vegetative shoots and cut into small pieces of about 1cm,
with and without petiole portion. The shoot tip explants
of 0.5 and 1.0cm length and single noded axillary bud
explants measuring 0.5 and 1.0 cm length were excised. The
explants were washed thoroughly 3 to § times in distilled

water prior to surface sterilization.

The shoot tip and axillary bud explants were

surface sterilised at 0.08 per cent mercurie chloride for 12
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minutes while internodal segments and leaf discs were
sterilised at 0,06 per cent mercuric chloride for twelve
minutes, based on the best performance in the preliminary

experiment conducted.

The explants for the enhanced release of axillary

buds were then' inoculated into culture tubes containing 15 ml

I

of basal MS medium supplemented with 2;{4 dichliorophenoxy
acetic acid (2'_4-D) at 1.0 mg/l and the explants for callus
induction were cultured on basal MS medium supplemented with
0.5 mg/] Benzyl amino purine (BAP), 1.0 mg/] Naphthalene

acetic acid (NAA) and 0.5 mg/l 2, 4-D (Rout et al., 1989).

Observations were recorded on-the number of
explants showing bud activation and establishment. This was
assessed as the percentage of shoot tip and axillary bud
explants showing an initial growth of about 1 cm three weeks
after culture and the percentage of internodal segments and
leat disc explants which initiated callus growth four weeks

after_culture.

3.2.5. Stage of the explant

The most suitable stage of the axillary bud explant
for in vitro culture establishment was standardised by
conducting a trial with axililary buds collected at six

defined physiological stages of the plant, viz., vegetative



60

shoot, flower bud ‘stage, day of flower opening and two days,

four days and six days after the flower opening.

The explants were collected from healthy shoots and
single noded explants measuring 1.0 cm length were taken for
inoculation. Axillary buds at the terminal and basal
regions of the shoots were discarded. Six lots of axillary
buds at the six different stages as explained above were
excised and surface sterilised, The buds were then
inoculated into culture tubes. . The following observations

were recorded to assess their comparative performence.

3.2.5.1 Days to bud break

The days taken for the buds to swell up and to
separate the outer bud sheath were taken as the days to bud
break. The number of days taken by each explant was recorded

separately.
3.2.5.2. Bud break percentage

The number of explants showing bud break after
three weeks of culturing was scored for each treatment and

the average was worked out in percentage.
3.2.5.3. Shoot length

The shoot length was measured three weeks after

culture.



3.2.6 Standardisation of medium for initial culture

establ ishment

To find out the most suitable hormone supplements
for initial culture establishment, a trial was conducted with
BAP, 2,4-D, NAA and Gibberellic acid (GA3) at different

levels and their combinations, as presented in table. 4.

Table 4. Trials on initial culture establishment with
different hormone supplements

Basal Explant . Treatment combinations

medium

MS Axillary 1. BAP 4 levels (1.0,1.5,2.0 & 2.5 mg/l +
bud

2,4-D 4 levels (0.25,0.50,0.75 & 1.0 mg/1)

2. BAP 4 levels (1.0,1.5,2.0 & 2.5 mg/1) +

NaA 4 levels (0.25,0.50,0.75 & 1.0mg/1)

3. BAP 4 levels (1.0,1.5,2.0 & 2.5 mg/1) +

Standard procedure {(Gamborg and Shyluck, 1981) was
followed for the preparation of the media. Stock solutions
of major and minor nutrients were prepared separately by

dissolving the requisite quantity of the chemicals in double
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glass distilled‘water and stored under refrigerated
conditions. The stock solutions ‘of nutrients were prepared
fresh every four weeks and that of vitamins, amino acids and
phytohormones were prepared fresh. Sucrose, inositol and
calcium chloride were also added fresh at the time of

preparation of medium.

The pH of the medium was adjusted to 5.8 before
adding agar at 7.0 g/1. The solution was then melted in a
water bath maintained at 90-95% C. After melting agar, 15 ml
of medium was dispensed to each culture tube which were
autoclaved for 20 minutes at 15 psi pressure and 121%

temperature.

The inoculation of the explants was done under
perfect aseptic conditions in a laminar air flow cabinet to
compare the efficacy of different treatments. The following
observations were recorded to find out the most suitable

hormone supplement for culture establishment.
3.2.6.1 Days to bud break

The days taken for the buds to swell up and to
separate the outer bud sheath were taken as the days to bud
break. The number of days taken by _ each treatment was

recorded separately.
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3.2.6.2 Bud break.percentage

The number of explants showing bud break after
three weeks of culturing was scored for each treatment and

the percentage was worked out.

3.2.7 Standardisation of medium for shoot proliferation

In order to standardise the suitable hormone
supplements for early and enhanced release of axillary Bhds a
trial was éonducted with four levels (0.5, 1.0, 1.5, ‘.. and
2.0 mg/l) of BAP/kinetin alone and in combination with four

levels of GA3 (0.25, 0.50, 0.75 and 1.00 mg/1).

The explants used for this trial were the shoots
measuring 1.5 — 2.0 cm. At the time of subculture the stem
portion of the original explants was removed and only the
elongated shoots were taken for the second stage of culture
establishment. In the second stage, the cultures were
maintained for a period of eight weeks and the following

observations were recorded.

3.2.7.1 Days to initiate mulitiple shoot

The number of days taken from the date of
subculture to initiate the multip{e shoot form the dhys to

«multiple shoot formation and this was recorded.

v
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3.2.7.2 Percentage of cultures with multiple shoot

Out of the total number cultured, number of
cultures with multiple shoots was recorded upto eight weeks
from the date of subculture and it was then expressed in

percentage.

3.2.7.3 Number of heal@hy shoots per culture

The number of healthy and fairly elongated shoots

per culture having approximately 3.0 cm and above length was

scored |[at Lhe end of eight Weeks..: .

3.2.7.4 Shoots per culture

The number of shoots produced per culture was
counted and the average number of shoots per culture

calculated.

3.2.8 Standardisation of medium for iIn vitro rooting

Cultured shoots in vitro were not of uniform size.
Two to four shoots per culture were fairly elongated and had
a growth of 3.0 cm or above. Shoots of uniform growth (3.0
cm) alone wefe separated from the clump and utilized for root
induction. Very small shoots were again subcultured in the

proliferation medium for further growth.
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Auxins, Indole acetic acid (IAA) and NAA at 0.5,
1.0, 1.5 and 2.0 mg/]1 alone and in combination and the same
cehoentrarbion—ef-<eaelr in combination with 2,4-D (0.5, 1.0,
1.5 and 2.0 mg/l)'were attempted (Table 5). Observations on

the following parameters were recorded.
.3.2.8.1 Days to root initiation

The number of days taken for root initiation was
recorded for each combination and the average for each

treatment was worked out.
3.2.8.2 Rooting percentage
Out of the total number of shoots cultured,

percentage of shoots showing root initiation was calculated.

Table 5. Trials on in vitro rooting of cultured shoots with

different auxin supplements

Basal medium Auxin supplements (mg/1)

Without hormones

IAA (0.5,1.0,1.5 & 2.0)

NAA (0.5,1.0,1.5 & 2.0)

IAA (0.5,1.0,1.5 & 2.0) + 2,4D(0.5,1.0,1.5 & 2.0)

NAA (0.5,1.0,1.5 & 2.0) + 2,4D(0.5,1.0,1.5 & 2.0)

B B B & B B

TAA (0.5,1.0,1.5 & 2.0) + NAA(O0.5,1.0,1.5 & 2.0)
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3.2.8.3 Number of roots per shoot

The number of roots produced per shoot was recorded

" four weeks after culture and the mean was worked out.
- 3.2.8.4 Length of /longest root

The length of,fbngest rocot was measured in cm four
weeks after culture for each treatment in each culture and

the mean- was worked out.

3.2.9 Effect of activated charcoal on im vilro rooting

In order to study the effect of activated charcoal
on improving the rooting efficiency of cultured shoots an
experiment was conducted by selecting four best combinations
and supplementing them with activated charéoal. The

different treatments were:

— — ——— e S T ot e S S e S} i S T S i S o e i S S S S S S S S o S S e S S T S ) S S e e e v S L S S S

Basal Treatments

medium
TAA NAA Activated
mg/1 ng/1 charcoal (mg/1)

MS 1.0 0.5 500

1.0 0.5 1000
1.0 1.0 500
1.0 1.0 1000
1.0 1.5 500
1.0 1.5 1000
1.0 2.0 500
1.0 2.0 1000

ek i S S . o B T e e} S T S S — T S S T W Sy e e el L S S o S S S S S Sy b Sk L S S e e e S e A
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The rooting efficiency was assessed by observing

all the parameters as in the previous trials.

3.2.10 Ex vitro Establishment

The rooted plants having 5 to 10 roots at 3 to 4
weeks in the rooting medium were used to assess the ex vitro

establ ishment.
3.2.10.1 Hardening and acclimatisation

The rooted plantlets were taken out without injury,
from the culture vessels using forceps and put in a beaker
containing distilled water and shaken thoroughly to remove
adhering pieces of mediunm. Plantlets were planted out first
in small plastic containers of 7.5 x 6.0 cm, containing

.sterilized sand. These plants, kept in shade, failed to

establish after three days and gradually dried up.

3.2.10.2. Standardisation of potting media for planting out

In order to improve the hardening and
acclimatization of rooted planﬁlets and to identify the
growth stage at which plants are to be removed from culture
media a trial was conducted with planting out at different
stages (two, three and four weeks after transferring the
shoots to rooting media) and six potting media viz., (i)

sand, (ii) soilrite, {(iii) wvermiculate, (iv) sand :
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soilrite (1:1), (v) sand : vermiculale (1:1) (vi) sand

peatmoss (1 : 1).

All the potting media were sterilized before use.
The plantlets were kept in regulated humidity and temperature
undér perforated polythene cover. The plants were given fine
intermittant water spray at 3 hour infer;;fa to m;intain

temperature and humidity. Obgervations on survival rate at

weekly interval were recorded for one month.

. 3.2.10.3 Nutirient requirement for ex vitro establishment

The In vitro plants after planting out showed very
poor and slow growth rgte when grown in river sand or any
other pottingkmedia, without the supply of nutrients. Hence
a trial’ was conducted with nutrient solutions of different
concentrations ‘to improve the growth and ex vitro
establishment. Since river sand was Tfound to,-be good for
initial planting out, sterilized river sand alone was used in
this trial. The frequencies and nutrient solutions tried
were: (i) 5 ml water at 3 days interval (ii)lliquid MS 1/10
sterngth (5 ml) at.3 days interval, (iii) liquid MS half
strength (5 ml1) at 3 days interval and (iv) liquid MS full

strength (5 mi) at 3 days interval, all as basal application.

The plantlets were given additional water spray

{migt) twice daily in the morning and evening and the plants
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3

were covered with polythene cover and kept in the oculture
room for the first 2 days under fluorescent light at 3000
lux. The efficacy of nutrients supplied were tested based

an

1. Days taken for the first leaf to open in the potting media
2. Days taken for the second leaf to open
3. Shoot length three weeks after planting out

~

3“2.11\ Effect of mycorrhizae on ex viitro establishment

An experiment was conducted to study the effect of
vesicular arbuscular mycorrhizal colonisat?on on the growth
and survival of plantlets. The plantlets were inoculated with
three species of Vesicuiar arbuscular mycorrhizae (VAM) viz.,
Glomus etunicatum, G. fasciculatum and G. constrictum at the
time of panting out. The plantlets were inoculated with
surfaée sterilised spores of above fungi obtained from the
Department of Plant Pathology, College of Agriculture,
ye!layani. The suhpension_containing 50 VAM spores were
mized with top 2 cm layers sand to which the plantlets were

——

planted out.

3.2.12. Somatic organogenesis/embryogenesis

Induction of callus, callus multiplication and

subsequent organogenesis/embryogenesis of calli were



attempted using internodal segments of 0.5 cm and leaf discs

with a portion of petiole (1 cm) as explants.

3.2.13. Standardisation of mediunm

The details of different treatments tried to induce

and myltiply callus and their somatic organogenesis /

-

embryogenesis are given in Table 6. The following
observations were taken on callus induction and

proliferation.

3.2.13.1 Percentage of callus induction

Eight weeks after culture, the number of cultures
with calli were recorded for each treatment and the

percentage of induction calculated.

3.2.13.2. Callus growth (G)

Growth of the calli was assessed based on visual

rating (score t = less than 2 mm, score 2 = 2 to 4 mn,
score 3 = 4 to 6 mm and score 4 = above 4 mm) eight weeks
after culture. The mean score was expressed as growth score
(G.

3.2.13.3 Callus index (CI)

The callus index (CI) was computed by multiplying



the percentage

growth gcore (G).

Table 6.

of

explants J'initiated callus

with the

Trials on callus induction, callus multiplication,

somatic organogenesis and somatic embryogenesis

Sl. Observations Explant Treatments
No. (mg/1)
1. Callus 1.Leaf disc BAP (0.5,1.0,1.5)+
induction NAA (0.5,1.0,1.5)
2.Internodal
segments 2, 4-D (0.5,1.0, 1.5)
2. Multiplication of
callus and Somatic
organogenesis Callus 1.BAP(0.5,1.0)+NAA(0.1,0.2)+
Ascorbic acid (5,10)
2.BAP (0.5,1.0),NAAC2.0,2.5)+
2, 4-D (0.5,1.0)
3. Somatic embryo- Callus 1.BAP(0.5,1.0)+NAA(2.0,2.5)+

- genesis

2, 4-D (0.5,1.0)

2.BAP(0.5,1.0),NAAC1.0,2.0)+
Ascorbic acid (100, 150)+
Glutamine (500,600)

Somatic organogenesis/embryogenesis were tried with

callus pieces of 0.5 cm diameter and above separated from the

mother callus obtained from

explants.

leaf disc and internodal
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The calli were subcultured three times, every eight
weeks iﬂ fresh medium to induce further growth of callus.
The sample cultures of each treatment were maintained for a
period of six months and the cultures showing morphogenesis

were recorded.

3.3. INDUCED MUTATION ADOPTING IN VITRO CULTURE

The experiments conducted on in viiro culture of
rose using two explants namely shoot tip and axillary bud
revealed that, axillary bud explant was the most successful
one as it providéd maximum release of shoots in the medium.
Based on this observation, induced mutation in culture media
was cunducted using axillary buds as expiant materials.
}xillary buds were collected at five different active stages
of growth viz., from vegetative shoot, on the day of flower
opening and two, four and six days after flower opening. The

multiple shoots induced in the culture medium were also

treated with the mutagen.

The mutageh used for inducing mutation in all the
cages was 60 Cobalt (6000) gamma rays. Irradiation was done
using the gamma cell source available at Radio Tracer
Laboratory, Kerala Agricultural University Head Quarters,

Vel lanikkara.
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3.3.1. Irradiation of axillary buds

The budwoods of uniform size (5 to 8 cm) each
having 3 to 4 axillary buds at the five different growth
stages were irradiated at doses of 20, 30, 40 and 50 gray
(Gy) (1 Gray = 100 rads) units at 0.12 mR/hr. Thirty buds
each were treated for each expocsure. On the second day of
irradiation, the irradiated buds and the control were
inoculated into culture tubes containing 15 ml of the
standardised initial culture medium. The contamination rate
ranged from 10 ‘to 30 per cent in different treatments.
Because of this, observations were recorded. only from 20

contamination-free cultures.

3.3.2. Effect of gamma rays on culture establishment

The direct effect of mutagen on in vitro culture
establishment was 8studied by taking the following

observations.

3.3.2.1. Bud break percentage

The number of explants showing bud break after
three weeks of culturing was scored for each treatment and

the percentage worked out.
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3.3.2.2. Survival percentage

The survival rate of explants was sBcored three

weeks after culture and the percentage was calculated.

3.3.2.3. Effective dose (ED50)

The effecfive dose of gamma rays to get 50 per cent
sufvival of explants (ED50) three weeks after culture was
calculated in the data obtained when the explants
collected six days after flower opening weyYeused for the

purpose.

The relationship between survival percentage (Y)
and gamma irradiation (X) is described by a modified
exponential function of the form

Y = K + Ab%¥

where, Y survival percentage

X the dose..

The survival percentage with respect to treatments
were adjusted for “the control survival percentage using

Abbett’s formulae {(Finney, 1971).

3.3.2.4, Morphological abnormalities (per cent)

The malformations induced by mutagen were scored

three weeks after culture.



3.3.2.5. Days to bud break

The days taken for the buds to swell up and to
separate from the outer bud sheath were taken as the days to
bud break. The number of days taken by each explant was

scored separately.

3.3.2.8., Days taken for the first leafl emergence

The number of days taken for emergence of first

leaf was recorded for each culture and the mean calculated.

3.3.3. Effect of gamma rays on shoot proliferation

The cultured shoots were transferred to the
proliferation medium after three weeks. The following

observations were recorded to study the treatment effect on

induction of proliferation.
3.3.3.1. Days to multiple shoot initiation
The number of days taken from the date of

subculture to the developement of the mulitple shoots form

4

the days to multiple shoot formation and this was recorded.

3.3.3.2. Percentage of cultures with multiple shoots

Out of the total number cultured, the number of

cultures with multiple shoots were recorded upto eight weeks
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¢

from the date of subculture and was then expressed as

percentage.

3.3.3.3. ~Shoots per culture

The number of shoots produced per -  culture was
counted and the average numbef of shoots per culture was

calculated.

3.3.3.4. Growth of main shoot at 2 weeks’ interval

The length of main shoot of the‘multiple shoot was
measured at two weeks' intervals for two months and the

average worked out.

3.3.3.5. Growth of side shoot at 2 weeks® interval

The length of side shoot of the multiple shoot was
measured at two weeks intervals for two months and the

average worked out.

3,3,3.6. Number of leaflets at two weeks’ interval

The number of leaflets produced by the multiple
shoot was counted at two weeks’ intervals for two months to

work out the average.
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3.3.3.7. Morphological variations

The number of cultures showing morphological
variations in leaf or growth pattern was recorded for each

treatment and the average worked out.

3.3.4. Effect of gamma rays on in vitro rooting

The elongated shoots from the muliiple shoots were
separated at each stage of.subculturing and inoculated in
roqt induction medium. The observations on the effect of in
vitro rooting recorded from treated and control population

were as follows.
3.3.4.1. Days to root initiation

The number of days taken for root initiation was

recorded for each treatment and the average worked out.

3.3.4.2. Rooting percentage

Out of the total number of shoot Qultures number
of shoots showing root initiation was recorded and the

pércentage worked out.

3.3.4.3. Number of roots per shoot

"The number of roots produced per shoot was reocrded

four weeks after culture and the mean was worked out.
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3.3.4.4. Length of?fongest root

" longest root was measured four weeks

el
A

- after culture for each treatment and the average was worked

The length of

out.
3.3.5. Irradiation of microshoots

The ﬁultiple gshoots having 4-8 shoots in the
proliferation medidm were subjected to gamma irradiation
along with the culture vessels at doses of 10,20,30 and 40
gray at 0.093 mR/hr. On the second day of irradiation, the
multiple shoots along with the untreated ones were
subcﬁltured in proliferation medium. The following
observations were recorded to assess the effect of gamma

irradiation.

3.3.5.1. Survival rate of explants four weeks after culture
The survival rate of explants four weeks after

culture was recorded and expressed in percentage.

3.3.5.2. Days to multiple shoot initiation

The number of days taken from the date of
subculture to the initiation of multiple shoots forms the

days to multiple shoot formation and this was recorded.
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3.3.5.4. Mérphological variations

rcentage of cultures showing morphological

treatment, eight weeks after

The pe

variations was recorded for each
culture.

3,3.5.5. Shoot production efficiency in subsequent stages of

gubcul tures

The number of shoots produced per culture was
counted at three stages of subculuring and the data were

compared.

3.3.5.8. Rooting efficiency of gamma irradiated microshoots.

The rooting efficiency of shoots after gamma
irradiation of the multiple shoots was assessed by recording
observations on days taken for root initiation, rooting
percentage, number of roots per shoot and length ofﬂ%ongest

root as in the previous trial.
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3.3.6. Statistical analysis

The data generated from various experiments. were
subjected to analysis of variance (Pense and Sukhatme, 1978).
Angular transformation was done before analysis of the data

wherever necessary.



RESULTS



4. RESULTS

L

The results of the present investigation on
"Induced muté::genesis in rose under Iin vivo and in vitro
culture” conducted at the Department of Agricultural Botany
and at the Tissue Cu{ture Laboratory attached to the

Department of Horticulture are presented below in this

chapter.

4.1. INDUCED 'MUTATION IN ROSE ADOPTING IN VIVO CULTURE

The experimental results of gémma ray irradiation
-of budwoods of three rose cultivars viz., Alliance (v{),
Suraga (Vz) and Folkore (V5) at doses 0 (DO). 20 Gy (Dl)' 30
Gy (Dz). 40 Gy (Dg), 50 Gy (D) and 60 Gy (D5) at three
different bud stages viz., on the day of flower opening (ByJ,
three days after flower opening'(Bé) and six days after

flower opening (B3) are presented here under.

Aé;ﬂighest dose of 680 Gy (Ds),none of the buds
sprouted. At 50 Gy (Dy) the sprouting percentage was very
low to provide sufficient number of plants for taking
observaﬁions. hence it was included only in the analysis of
bud take, sprouting ahd survival and excluded from other
parameters studied. The mean values on sprouting, survival
and -morphological_ characters are presented in appendix

(I - XIID.
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4.1.1. Time taken for bud take

The observations on time for bud take are presented
in Table 7. Time taken for bud take showed variation with
;respect to cultivars, budstages and doses of gamma rays. Bud
take commenced from second fortnight irrespective of bud
stages in control population of all the cultivars. In the
second fortnighqrgighest bud.take (46.67 per cent) was
recorded in Va B at 20 Gy gamma radiation followed by the
untreated population of the same cultivar and bud stage. At ..
highest dose of 50 Gx,no bud take was noticed in lel' VIBZ’
V(Bg, V3B, and. VgBy. Bud take at 50 Gf was comparatively
very low on the second fortnight and ranged from 3.34 to 6.87
per cent. The highest bud take of 6.67 per cént under 50 Gy

on the second fortnight was recorded in V2B1 and V2B3.

In general, control and lowest dose of 20 Gy had
the highést bud take in the second fortnight. In V1B1D4 the
bud take commenced only from the fifth fortnight. Gamma
irradiation at. higher doses reduced the bud take irrespeétive
of bud stages. The same trend was observed in time of
completion of bud take also. In control group,it took 4 to 9
fortnights, wheré€_as in 20 Gy treatment it took 5 to 9, in 30
Gy 7 to 9, in 40 Gy 8 to 9 and in 50 Gy it took upto 10
fortnights. After tenth fortnight,there was no bud take at

all.,
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of different stages on time of bud take.

Effect of gamma irradiation of budwoods of rose cvsg. ¢

P

Cultivar Bud  Gamma

. Bud take at fortnightlyintervals (%)

V) stage ray
(B )] 2 K| 4 5 6 7 8 g 10
Alliance B1 DO 23.34 43.34 60.00 70.00 80.00 83.34 83.34 83.34 83.34
(VI) Dl 10.00 30.00 36.87 53.34 56.87 76.67 76.87 76.67 76.87
D, 6.67 23.34 36.87 40.00 46.67 50.00 50.00 50.00 50.00
D3 0.00 10.00 20.00 23.24 30.00 36.67 40,00 43.34 43.34
D4 0.00 0.00 0.00 10.00 16.87 18.87 20,00 23.34 23.34
B2 D0 16.67 43.34 60.00 70.00 73.34 73.34 73.34 73.34 73.34
D1 20.00 53.34 63.34 T70.00 73.34 76.87 78.B7 76.87 T86.87
D2 3.34 30,00 36.67 36.67 43.34 50.00 56.67 60.00 80.00
D3 0.00 13.34 28.67 28.87 33.34 33.34 40.00 43.34 43.37
D4 0.00 6.67 6.87 13.34 13.34 16.67 16.67 20.00 20.00
B3 DO 23.34 46.67 56.67 63.34 80.00 80.00 80.00 80.00 80.00
D1 23,34 36.67 43.34 60.00 73.34 83.34 83.34 83.34 83.34
D, 16.67 16.67 23.34 43.34 53.34 56.67 60.00 63.34 63.34
D3 3.24 6.67 13.34 13.34 20.00 23.34 26,67 33.34 33.34
D4 0.00 6.67 6.87 6.67 13.34 13.34 13.34 13.34 13.34
Suraga B1 ) D0 13.34 40.00 46.67 60.00 60.00 63.34 66.67 70.00 70.00
(Vé) D1 20.00 40.00 46.87 56.67 60.00 63.34 70.00 73.34 73.34
D2 3.34 10.00 26.67 30.00 30.00 36.87 43.34 46.67 4B.87
D3 10.00 10.00 20.00 20.00 23.34 26.67 33.34 40.00 40.00
D4 6.67 6.67 13.34 13.34 18.67 16.867 16.67 16.87 16.67
BZ D0 30.00 50.00 70.00 83.34 83.34 83.34 83.34 83.34 83.34
Dl 26.67 43.34 66.67 76.67 76.67 80.00 80.00 80.00 80.00
D2 26.87 30.00 43.34 56.67 60.00 60.00 60.00 B0.00 60.00
D3 3.34 10.00 20.00 26.687 30.00 30.00 36.87 36.87 3B.8B7
D4 3.3 3.34 8.87 6.6 6.87 6.87 6.67 6.67 6.67
B3 D0 30.00 53.34 66.67 73.34 T73.34 73.34 73.34 73.34 73.34
D1 40.00 56.67 70.00 73.34 73.34 73.34 73.34 73.34 173.34
D2 10.00 26.87 33.34 33.34 40.00 40.00 40.00 43,34 43.34
D3 6.67 13.34 20.00 23.34 23.34 30.00 30.00 36.57 36.87
D4 6.67 10.00 13.34 13.34 13.34 23.34 258.87 30.00 33.34
Folklore B1 D0 26.B7 53.34 63.34 66.67 66.67 66.67 66.67 66.57 66.67
(VS) D1 36.67 50.00 56.67 63.34 73.34 73.34 73.34 7T73.34 73.34
D2 18.67 33.34 40.00 46.87 50.00 56.87 ©56.67 56.87 56.67
D3 3.3¢4 10.00 20.00 26.67 30.00 368.87 43.34 43.34 43.34
D4 0.00 13.34 13.34 16.67 20.00 28.87 26.87 2B.67 28B.87
B2 DO 30,00 70.00 83.34 90.00 90.00 980.00 90.00 90.00 €0.00
DI 30,00 56.687 68.67 83.34 86.67 86.87 86.87 86.67 86.67
D2 20.00 20.00 46.67 53.34 60.00 63.34 63.34 63.34 63.34
D3 13.34 23.34 26.67 33.34 36.87 40.00 46.67 50.00 50.00
Dy 0.00 6.87 10.00 13.34 13.34 20.00 20.00 20.00 23.34
B3 D0 43.34 66.67 80.00 80.00 80.C00 80.00 80.00 80.00 80.00
D1 46.67 60.00 80.00 83.34 83.34 83.34 83.34 83.34 83.34
D, 20.00 36.87 46.87 50.00 50.00 56.67 60.00 60.00 60.00
Dy 3.34 20.00 23.34 30.00 30.00 40.00 46.67 46.67 46.87
D4 3.34 10.00 10.00 20.00 20.00 20.00 23.34 26.867 26.87
B1 Day of flower opening DO Control D3 40 Gy
B2 Three days after flower opening D1 20 Gy D4 50 Gy
B3 Six days after flower opening D2 30 Gy
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4.1.2. Sprouting-

Analysis of the data (Table B) 8Bhowed no
significant variation on inter%}ion among cultivars,
budstages and gemma ray exposures on sprouting. The effect
of cultivars and gamma rays were found to have significant
influence on sprouting. On comparing the different cultivars,
it was found tha£ the cultivar V5 was significantly superior
to the other two (V; and Vy) varieties with respect teo
sprouting. Comparison of the main effect of Gamma rays on
sprouting revealed that the 20 Gy exposure (62.80 per cent)
and control population (62.45) were gsignificantly superior
and on par. At increasing exposures of gamma rays, the
sprouting percentage was ngnificantly-reduced and wasifbwest

.in the 50 Gy exposure (27.864 per cent).

4.1.3. Survival

Statistical danalysis of the data (Table 9) revealed
no significant interaction among cultivars, bud stages and
gamma ray exposureas. However, the main effect of cultivars
and gamma rays showed significant differences with respect to
survival. The mean values for cultivars ranged from 41.26 to
46.01 per cent. The highest survival was recorded by V3
(46.01 per cent) which was significantly gsuperior to Vl and

Vg,



Table 8. Interaction effect among cultivars, bud stages and gamma rays on sprouting* (%)

——_—-—.—_—-—-—_-.__.__—_-—.—.-..-__——._—.—__—.__-___——_.___._-.._.-.___——-_—.————-——.———..____._.___.-._————.--—.—___.____—

. e S B2 ______ By 0. e S %2 Ps_ Pe_____ tean _
V1 55.94 54.83 55.76 79.28 79.28 57.80 39.86 . 19.70 55.50
(48.41) (47.77) (48.31) (62.92) (82.92) (49.49) (39.15) (26.35) (48.18)
Vo 49.20 55.03 52.05 17 . .93 37.68 94 52.09
(44.54) (47.89) (46.18) .78) .96) (37.87) 52) (46.20)
Vi 53.71 64.30 80.21 .78 .12 46.62 06 59.44
(47.13) (53.31) (50.89) 73) .84) (43.086) 04) (50.44)
Mean 52.95 58,10 56.02 .11 .97 41.35 52
(46.69) (49.66) (48.48) .80) .43) (40.02) 64)
Do 73.895 83.37 78.11
(59.31) (B65.93) (62.11) gﬁ
Dy 75.23 81.66 80.28
(60.15) (64.84) (83.82)
CD = 3.36
Dy 51.05 61.26 55.57
(45.80) (51.48) (48.20) = 4.34
D4 42,14 43.25 38.72
(40.48) (41.12) (38.48)
Dy 21.90 18.01 24.85
(27.90) (25.11) (29.90)
¥ The transformed values (angles) are given in paranthesis
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Table 9. Interaction effect among cultivars, bud stages and gamma rays on survival* (%)
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34,32
(35.86)

11.83
(20.12)

42.95

(40.95)

40.79

(39.69)

52.80
(46.68)

45.54
(42.43)

70.48
(57.09)

70.11
(56.86)

45.38
(42.35)

29.77
(33.07)

15.02
(22.80)

70

(57.

78

(62,

12.
(58.

.43
06)

.68
48)

08
10)

69.
(56,

75

(80.

70.
(57.

05
200

.81
54)

62
18)

CD

44,
(41.

48.
(44.

45.
(42,

It
[

]
w

29
71)

81
32)

78
58)

.02

.90

32.
(34.

36
(37.

32,
(34.

11
52)

.57

21D

80
94)

11,
(19.

18.
(25.

14.
(22

59
90)

92
49)

57

.44)

44.
.88)

(41

51
(46

57

.76
.01)

9]

* The transformed values (angles) are given in paranthesis
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The-survival percentage ranged from 22.44 to 58.10
per cent in the different treatments. The control population
recorded the highest survival of 58.10 per cent followed by
20 Gy treatment while these two were on par with each other.
A significant reduction in survival was noticed with
increasing doses of gamma rays. At the highest dosde of 50 Gg

the survival percentage was reduced to 22.44 per cent.

4.1.4. Effective dose (EDSO)

—— . —— k. Sarod S — i — ———— oy —— —— — ——— — ———

Observed Adjusted
Dose {(Gy) survival survival
(%) (%)
0 T2.08 100
20 70.62 a8
30 45.78 64
40 32.80 46
50 14,57 20
Y = K + Ab%

where Y is the survival percentage and X is the dose.
Y = 104.5 - 40.5 x 1.444%

For 50 per cent survival, the expected dose = 38 Gy.
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4.1.5. Plant height (cm)

The analysis of the data (table 10) revealed that
the inferaétion among cultivars, bud stages and gamma rays,
(VxBxD) was not significant. Varietal interaction to bud
stage (VxB) was also not significant. However, the
interaction between cultivars and gamma ray exposures (V x D)
and bud stages and gamma ray exposures (B x D) were
significant. The mean values for 'interaction between bud
stages and gamma rays ranged from 18.87 to 38.10 cm. The
highest wvalue was recorded in B3D0 (38.10 cm) followed by
B,D; (37.72 cm). The value for BoD, was 36.17 cm and that of
BZDO 35.63 cm. These four treatments were significantly

superior and were on par with each other.

The interaction effect of cultivar x gamma rays
(BxD) ranged from 17.65 cm in V,D3 to 46.53 cm in VaDy. The
treatments V4D; (46.53 cm) and VaDg (44.87 cm) were on paf
and recorded significant interactions in all other treatment

combinations.

The main effect of bud stages was not significant.
However, it was significant in the case of cultivar and gamma
rays. The main effect of cultivar on plant height ranged
from 27.44 to 37.30 cm. The cultivar V3 was significantly
superior to Vi And V2. The effect of gamma rays showed

significant difference between mean values. The control



Table 10.

Interaction effect among cultivars, bud stages and gamma rays on plant height (cm)

_—..__.___.-__—-_____.._._._——.__.-——_——-__—.—.____———-.-_—.-._—__——._._——..-...._.___.—_....__.-____._-..—...._..___—.___—

By
vy 28.60
v, 24.76
Vg 36.65
Mean 30.00
DO 34.37
D, 34.00
Dy 29.40

Dj 22.

22

25.

37.

30.

35.

37

26,

20.

26.99

63

45

02

63

.22

03

70

27.

37.

30,
38,
36.

29.

18

26.73

48

80

67

10

17

53

.87

30.87

31.57

44.67

36.03

30.08
31.27

46.53

35.03

CD

Dy Dj
27.53 21.27
23.33 17.65
34.13 22.87
28.33 20.59
= 1.82 VxD
= 2.10 B x D

27 .44

25.95

37.30

68



population had the maximum plant height of 36.03 cm followed
by 35.86 ¢m in 20 Gy which were on par and was significantly

superior to all other exposures.
4.1.46. Primary branches

The statistical analysis of the data (table 1)
showed no significant interaction in VxBxD. The interaction
of culiivars, with bud stages and also with gamma rays were
found to be significant. The varietal varia¥Pion and
different exposures of gamma rays also showed significant

difference.

The mean values for VxB interaclion ranged (rom
1.75 to 2.40. The interaction between V4aBg (2.40) and V3B,
{(2.30) wofe on par and found to be significantly superior to
all other‘treatments. Mean values of interaction between
cultivars and gamma ray exposures ranged from 1.30 to 3.03.
The treatments VaDg (3.03) and VaD; (2.93) produced Lthe

highest numbers of primary branches, which were significantly

superior to all othér treatments.

The intéraétion effect of bud stages and gamma
rays on primar; branches ranged from 1.23 (B3D3) to 2.57
(BaDg). The most effective combination was found to be-B3D0
(2.57), followed by BiDg (2.40), ByDg (2.27), BpD; (1.83) and
(B2D2) {1.83). These tréatments were significantly superior

and on par.



Table 11.

of primcry branches per plant

Interaction effect among cultivars, bud stages and gamma rays on number .

By
vy 1.75
Vz 2.08
V3 2.13
Mean 1.98
Dg 2.40
Dy 1.87
D, . 1.87
Dg 1.37

.03

57

.97

.57

23

2.57

CD

.30

.37

.32

.21

.24

2.28

<92
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The main effect of cultivars on primary branches
varied significantly.. The cuitivar V3 producedﬁﬁighest
number of primary branches and was significantly superior to
V2 and Vl. In respect to the main effect of gamma rhys, the
control group registered the maximum number of primary
branches, which was significantly superior to higher doses of
irradiation at which a reduction in number of primary

branches were noticed.

4.1.7. Prickle density

The analysis of the data (table 12) indicated that
none of the interactions were significant. However, the main

effect of cultivars and doses of gamma rays were significant.

The main effect of cultivars on prickle density
ranged from 0.72 to 1.57. The prickle density was
gignificantly low in Vg4 compared to Vi and V2. The effect of
gamma rays on prickle density showed a significant reduction

at the highest dose of 40 Gy.

4.1.8. Number of leaves

The interaction effect (VxBxD) was found to be
gignificant (Table 13). The mean values for the number of
leaves recorded significant and wide variation. It ranged

from 8.5 to 24.40. Higher number of leaves were recorded in



Table 12. 1Interaction effect among cultivars, bud stages and gamma rays on
prickle density (mo. pe¥ cra Lengﬂ-\)

___.__.___._.___._____._.__.._.._....____._.__._..__.___.._.____.___._.___...._______._..___.____._.___.._____.___—.__,_..._

By B, Bg Dy Dy D, Dq Mean
v, 1.57 1.56 1.58 1.58 1.58 1.58  1.53 1.57
v, 0.97 1.00 1.00 1.01 1.01 1.00 0.94 0.99
Vs 0.76 - 0.75 0.66 0.78 0.74 0.76 0.62 0.72
Mean 1.10 1.10 1,100 1.12 1.11 1. 11 1.03
Dq 1.10 1.13 1.12
D, 1.1t 1.13 1.10
CD V= 0.087
D, t.11 t.11 1.12 B = 0.083
: D = 0.0867
D, 1.08 1.03 0.98

Significant at 5 per cent level



Table 13,

Interaction effect among cultivars, bud stages and gamma rays number of leaves per blant

By
V1 15.486
Vz 15.71
V3 i9.71
Mean 16.9¢6
DO 19.27
Dl 19.22
D2 16.26

Dy 13.

15.
18.

17.

15

19,

18.

15.

17.53

23

70

15

.07

53
27
73

15.

20.

17.

17

18,

17.

15

16.086

30

18

18

.48

27

50

.47

17.83

16.73
17.93

17.27

CDh

18.45
16.40
22.17

19.01

15.60
15.55
20,87

17.34

14.20.
12.97
17.13

14.77

16.35

15.41

19.53



V3B1D0 and was on'par with eight other treatments; The
interactions of BxD and VxD were.élso significant. The main
effects of V and D were found to be .significant. The mean
values of BxD interaction ranged from 13.10 (B1D3) to 19.53
(ByDy) . The mean values of VxD interaction effect ;dnged
from 12.97 (V,Dg) to 22.17 (V4D,). VaD; (22.17) and VgD,
(20.87) interactfons were significantly superior, to other

-

treatments.
4.1.9. Days to flowering

- Analysis on the factor interaction (Table 14)
-revealed that none of the interaction effects were
significant, wher@fhs the main effects of V, B and D were
signifiéant. The variation due to bud stages ranged from
108.89 (By) to 111:78'(33). The variation due to gamma rays
ranged from 98.68 (Dy) to 125.0 (D,). Minimum days to
flowering was taken in control and this was significantly
superior to the gamma ray treatments, At higher doses,
flowering was significantly delayed. The three cultivars
tested showed significant variation for days to flowering
(104.69 in V; to 111.98 in Vz). Significantly early flowring
was observed in Vl‘ V2 and V3 were on par for days‘to

flowering.
4.1.10. Neck length (cm)

Statistical anqjlysis of the data (Table 15)



Table 14. Interaction between cultivars, bud stages and gamma rays on days to flowering

V1 101.78 104.36 107.93 92.20 98.70 108.18 119.867 104.69
V2 113.25 112.10 114,73 105,23 105.97 115.03 127.20 113.38
V3 113.08 112.20 112,68 98.60 105.07 116.13 128.13 111.98
Mean 109.37 108.89 111.78 98.68 103.24 113.12 125.00
Dy 98.30 98.17  99.57
Dl 102.57 102,40 104.77

_ CD V= 2.40
DZ 111.08 110.63 117.63 B = 2.40

D=2.797

D4 125.52 124.35 125.13
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Table 15. Interaction effect among cultivars, bud_stages and gamma rays on neck length (cm)

By B, Bg Dy Dy Do Dqy mean
vy 4.81 5.13 5.31 5.443 4.80 5.28 4.82 5.08
Vo 4.13 4.21 4.43 4.37 4.40 4.28 3.97 4.25
Va 6.29 6.20 5.89 6.42 6.42 6.18 5.47 6.12
Mean 5.08 5.18 5.20 5.41 5.21 5.25 4.75
Dy 5.87 5.35 5.40
Dy 4.88 5.38 5.35 CD vV = 0.32
D, 5.33 5.22 5.20 D = 0.37
Dy 4.62 4.77  4.87

—— e e e e e e e e e e e —— e e e e e e e e e e 7 2 T W T T P ey ey T e e e e Ah S S T — T T S — —— ———— —— f— T T



revealed signific;mt differences in the main effect of
cultivars and gamma rays. The interaction between different
factors were not significant. The cultivar V3 (6.12 cm) was
significantly superior to V, (4.25 cm) and V; (5,08 cm).
Comparison of the different doses of gamma rays indicated
that the control was significantly superior (5.41 cm) and on

par with Dy (6.25 cm) and Dy (5.21 cm).

4.1.11. Flower diameter (cm)

Analysis of the data (Table 16) revealed
gignificant intsraction between cultivars and bud stages for
flower diameter. Comparison of main effects revealed that
the cultivar V; was significantly superior (7.34 cm) to Vo
and V4. Among the different bud stagdes, Bl was significantly
superior (6.88 cm) and on par with B, (6.70 cm). The effect
of gamma rays revealed that 20 Gy exposed population had the
maximum flower diameter (7.27 cm) and was on par with control

group (7.08 cm)

4.1.12, Flower weight (g)

The treatment means for interaction between
cultivars bud stages and gamma rays persented in table 17
indicated that the interaction between cultivars and gamma

rays was gsignificant. The treatment combinations viz., V3D1



Table 16, Interection effect among cultivars, bud stages and gamma rays on flower diameter (cm)

vy 7.10 7.38 7.55 7.72 7.88 7.53 6.23 7.34
v, 6.45 6.19 5.88 6.62 6.83 6.23 5.00 6.17
Vy 7.10 .52 6.22 6.92 7.08 6.58 5.88 6.62
Mean 6.88 6.70 6.55 7.08 7.27 .78 5.71
D 7,17 7.18 6.90
cD vV = 0.21
D, 7.43 7.27 3.03
B = 0.21
D, 7.12 6.62 6.62
D = 0.24
Dy 5.82 5.72 5.58
VB=0.37
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Table 17.
By

vy 3.95

Vo 5.15

Vq 6.15
Mean 5.08
Dg 5.25
Dy 5.35
D, 5.22
Dy 4.52

Interaction effect among cultivars, bud stages and
on flower weight (g)

4.91
6.01
4,96
5.19
5.23
5.05

4.38

.03
.13
.06
.23
.32
15

.55

.28

.33

.22

CD

IE

-,

.32

.42

.30

0.09
0.11

0.19

N

5.12

4.48

gamma rays

0CT



( 8.42 g), Vghg (6.33 g) were significantly superior and weve

on par with each other.

Analysis of the main effect of cultivars, bud
stages and gamma rays revealed that the difference are

gignificant.

The cultivar Vg4 (6.10 g) was significantly superior
to Vl and Vz. The bud stage Bl was significantly superior to
B, and Bq for flower weight. The 20 Gy treatment was
significantly superior &5.30 g) and was on par with control

population (5.22 g) for flower weight.
4.1.13. Petal weight

Analysis of the data presented in table 18 revealed
that none of the interactions were significant. The main
effect of cultivars and gamma rays was found to be
gignificant. The cultivar V3‘(4.02 g) was found to be
significantly superior over V, (2.64 g) and V, (3,45 g). The
effects of gamma ray exposures of 20 Gy (3.47 g) and 30 Gy
(3.40 &) qﬁre gsignificant and on par with control (3.46 g).
‘Significant reduction in petal weight was observed in

the highest dose of 40 Gy.
4.1.14. Petal number

Statistical analysis of the data (table 18) on

petal number revealed significant interaction among cultivars



Table 18.

Interaction effect among cultivars,

i

bud stages and gamma

rays on petal weight (g)

By
Vl 2.68
VZ 3.45
V3 4.11
Mean J.41
DO 3.49
Dl 3.52
D2 3.48

Dg 3.18

.65
.44

.90

.33
.46
.45
.33

.08

3.38

3.45

3.45

3.40

3.23

.73

.57

.10

.47

. 086

.08

4.04

3.186
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Table 19, Interaction effect among cultivars, bud stages and gamma rays on petal number

By By Bq Dg Dy Doy Dq Mean
A 15.28 15.36 14.80 15.87 15.95. 14.80 13.97 15.15
Vo 29.93 28.21 27.786 29.20 29.62 27.77 27.95 28.83
Va 30.94 27.10 27.93 27.50 27.43 29.02 30.67 28.85
Mean 25.38 23.56 23.50 24.19 24.33 23.886 24.19
Dy 24,2 24.43 23.93 CD V = 0.98
Dy 25.18 23.63 24.18 B = 0.98
D2 24.95 23.862 23.086 VxB=1.13
Dg 27.18 22.55 22.85 VxD=1.96
BxD-=1.986

ot



into bud stages, cultivar into gamma rays and bud stages into
gaﬁma rays. The comﬁ:}nation V5 By (30.94) and V, By (29.93)
were on par and were significantly superior. The interaction
between bud stages and gamma rays revealed that four
. (29-20
treatments viz., Vg Qg (30.87), V5 Dy (29.62), V, DOAand Ya

Dg (29.02) were on par and significantly superior to all the

other treatment combinations.

The interaction between bud stages and gamma rhys
revealed that B1D3 was significantly superior to all other
treatment combinations. The main effect of cultivars
indicated that Vg4 (28.65) and V, (28.63) were on par ahd
significently superipr to Vl. The first bud stage (Bl) was

significantly superior to Bz and Bg for petal number.
4.1.15. Flowers per plant

Analysis of the data . revealed no significant
interaction among pultivgrg. Eug stages and gamma rays for
nunber of flower per pfaﬂiﬁ :Tﬁéfmain effect of cultivars and
gamma rays showed signific;nt variation on flower production.
The cultivar V3 (9.34) was significantly superior to Vl
(7.33) and V, (86.38). Among the different doses of.gamma
rays 20 Gy gemma exposure was significantly superior (8.79)
and was on par with control population (8.58). The higher
dbses df gamma rays showed significant reduction in number of

flowers produced per plant.



Interaction effect among cultivars, bud stages and gamma rays on number of flowers

Table 20.
By

Vl 6.80
Vz 6.34
V3 9,52
Mean 8.95
DO 8.30
Dl B.55
D2 8.28
D3 5.08

.69

W12

.07

.20

.31

.88

.09

.24

.50
.68

.42

.18
.13
.95
.20

.18

10.

.95

.21

59

.58

Cbh

10.60

<
n

o)
i}

0.46

0.583

4.05

6.41

'.J'
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4.1.16. Morphological abnormalities
4.1.18.1. Foliar variations

Gamma irradiation of budwoods induced different
types of abnormalities in leafl especially during the early
period of growth. Exposure of budwood collected at six days
after flower opening .at 40 Gy induced production of leaf‘iets
with yellow chlorophyll deficient patches (plate 4), deformed
and miniatured leaves showing reduced number of leaflets

(plate 5).

In the cultivar Suraga, 30 Gy gemma rays produced
leaves with reduced size and number of leaf lets (plate 6)
when buds were collected on the day of flower opening and

also at six days after flower opening.

4.1,15.2. Floral variations

A variant with light pink colour&%plaﬁe 7) was
observed from 20 Gy treated population in cv. Alliance (Vi)
against the normal white colour. The budlings established

from the buds collected from this wvariant failed to show the

cafryover effect.

One flower colour mutant with reddish yellow colour
was observed under 30 Gy exposure in Floklore (V5) against

the normal- light red colour (plate 8 & 9). The budlings



MORPHOLOGICAL VARIATIONS (FOLIAR)

PLATE 4. Chlorophyll variations (cv. Alliance)

1. Control
2 & 3. Leaflet showing yellow chlorophyf{ deficient patches

PLATE 5. Foliar deformities (cv. Alliance)

i. Controi
2 & 3. Deformed 1'20‘1025
4. Miniaturised leaf showing threé leaflets only






PLATE 6. Foliar deformities (cv. Suraga)

1. Control
2 & 3. Leaves with reduced size and number of leaflets
4. Miniaturised leaf

MORPHOLOGICAL VARIATIONS (FLORAL)

PLATE 7. Variations in colour (cv. Alliance)

1. Variant with light pink colour
2. White flowered control






PLATE 8. Colour mutant (cv. Folklore)

1. Control — Light red
2. Mutant — Reddish yellow

PLATE 9

1. Separated petals of reddish yellow mutant
2. Control
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‘established fﬁbﬁ . this variant retained its altered flower
colour. This important characteristic of the mutant are

presented in table 21.

Table 21. Floral characters of the mutant obtained from cv.

Folklore

A ————— Tt (o g . T S T L AR ok o e ey o e T Y D P St e e S T T W T e S Sk ey . S T o —— — — T ks g Sy

Characters - cv. Folklore Mutant of
cv. Folklore

Colour Light red Reddish yellow
Diameter 6.60 cm 5.80 cm

Neck length 5.70 cm 5.10 ecm
Flower weight 6.10 g 4.80 g

Petal weight 4.20 g 3.15 g

Petal number 22.00 23.50

In 40 Gy_exposed population of the-same cV.
Folklore, at B1 bud stage one mutant having miniatured flower
Bize with large number of petals (plate 10) compared to
control was obtained. The budded plants from this particular
variant failed to establish even after providing optimum

conditions for budtake.
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PLATE 10. Variation in size and number of petals (cv. Folklore)

1. Control (Large sized with few petals)
2. Mutant (Small sized with large number of petals)

PLATE 11.' Separated petals

1. Control
2. Mutant
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4.2. IN VITRO STUDIES
4.2.1. Surche sterilisation of the explant.

The results of the experiment conducted on surface
sterilisation of shoot tip and axillary bud exp[ants are
. presented in table 22 and internodal segments and leaf disc

explants in table 23,

The results indicated that the treatment of
mercuric chloride at 0.08 per cent for 12 minutes waé the
best showing highest survival of 83 percent for both shoot -
tip and axillary bud explants. At the highest concentration
of 0.1 per cent tried for 18 minutes, none of the shoot tipé
survived but in the case of axillary buds there was 17 per

cent survival.

With regard to internodal segments, a lower
concentration of mercuric chloride (0.06 per cent for twelve
minutes) gave tﬁe highest survival rate of 83 per cent. The
treatment with 0.08 per cent for 18 minutés and 0.10 per cent
for twelve minutes were on par and gave the samé survival
rate of 67 per cent: At the lowest concentration of 0.086 per

cent, for six minutes all the explants showed contamination.

As far as the leaf disc explant was concerne%
treatment of 0.10 per cent mercuric cliloride for twelve

minutes was the most effective treatment resulting in 67 per



Chapllddllibe wiIWUW L Lipld &Liidd A4 L Lddl )y LY AV LWy
Basal medium — MS.

Sl. Sterilant Explant Conce::- Duration Contami- Survi:al
No. ration(%) (Min) nation(%) (%)
i Mercuric chloride Shoot tip 0.08 6 83 17
2 ! " 0.06 12 50 50
3 " " 0.086 18 33 a7
4 ) " 0.08 6 50 50
5 ! " . 0.08 12 17 83
6 " ! 0.08 18 33 67
7 " " 0.10 6 33 67
8 " " 0.10 12 83 17
9 " ' 0.10 18 100 0
10 " Axillary bud 0.06 6 67 33
11 o " 0.06 12 50 50
12 ! - " 0.06 18 50 50
13 ' ' 0.08 6 33 687
14 " oo 0.08 12 17 83
15 ' - ‘ " 0.08 18 67 33
16 " " 0.10 6 67 a3 |
17 " ' 0.10 12 50 - 5O
18 " " 0.10 18 83 17

% Average of 6 cobservations #* Mercuric chloride on w/v basis
culture period — 15 days.
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Table 23. Effect of surface sterilisation of the explants
internodal segment and leaf disc

(cv. Folklore) Basal medium - MS,.

ok *
S1. Sterilant Explant Concent— Duration Contami—  Survival
No. ration(%) (Min) nation(¥%) (%)
1 Mercuric chloride Internodal 0.06 6 100 0

segment .

2 ' " 0.08 12 67 a3
3 " " 0.086 18 87 -’ 33
4 " o 0.08 6 50 50
5 " " 0.08 12 17 83
6 " " 0.08 18 3 - 67
7" " ' " 0.10 6 50 50
8- " " :‘ 0.10 12 33 e7
9 " ' " 0.10 18 83 17
10 - ! Leaf disc . 0.06 6 100 0
11 " " 0.06 12 83 17
12 " " 0.06 18 67 33
13 “ " 0.08 6 83 17
14 " " 0.08 12 83 17
15 = " 0.08 18 67 33
16 " " 0.10 8 50 50
17 " " 0.10 12 33 67
18 " - 0.10 18 83 17
* Average of 6 observations *¥ Mercuric chloride on w/v basis

Caulture period — 15 days
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cent survival. The'expfants did not survive in the treatment

of 0.068 per cent for six minutes.
4.2.2. 8Size and type of the explant

_The results of the experiment conducted to find out
the most suitable size and type of the explants are presented

in Table 24.

The results indicated that among the shoot tip
explants of sizes 0.5 cm and. 1.0 cm tried, best response of
50 per cent shoot elongation was obtained from shoot tips of
1.0 cm length. Among axillary bud explants, best response of
83 per cent shoot elongation resulted in axillary buds of 1.0
cm., The highest response of 75 per cent callus induction was
noticed in the case of internodal segments of 0.5 cm size.
Cent per cent of the explants with an intact portion of the
petiole, responded to initial callusing in leaf disc
explants. The callus formation initiated from the cut ends
mainly from the petiole and mid:}ib region, was observed as
small white globules which slowly spread and covered the

entire explant.

Thus in a1l subsequent experiments for enhanced
release of axillary buds, axillary buds of 1.0 cm length was
used, For callﬁs induction, internodal segments of 0.5 cm
length and leaf disc with a portion of petiole intact were

*used. -



Table 24. Standardisation of the size and type of explants on initiating

shoot growth and callus induction Folklore)

Sl. Observations Type of explant Size of Culture*initiating

No. explant shoot growth/callus
(cm) (%>

1 Shoot growth Shoot tip 0.5 33 s

2 Shoot growth Shoot tip £.0 50 =

3 Shoot growth Axillary bud 0.5 e7

4 Shoot growth Axillary bud 1.0 83

5  Callus induction Internodal segment 0.5 75

6 Callus induction Internodal segment 1.0 50

7 Callus induction Leaf disc with petiole 1.0 100

8 Callus induction Leaf disc without petiole 1.0 67

* Average of 12 observations.



4.2.3. Stage of the explant

The effect of the different growth stages of the
axillary bud explants on initial culture establishment was
assessed based on days to bud break, bud break percentage and

shoot length. The results are presented in table 25.

4.2.4. Days to bud break

The result showed significant variation among
different growth stages of.the axillary buds. Buds fronm
shoots collected four days after flower opening showed early
bud break within 4.44 days. This was.significantly superior
from the rest of the.different physioliogical stages.
Culturing after six days of flower opening took 5.38 days.
Buds of vegetative shoots showed delayed bud break and took a

maximum period of 8.93 days.

4.2.5. Percentage of bud break

The percentage of buﬁ break ranged from 70 to 80.
The. explants from shoots at four and six days after flower
opening recorded the higheast percentage of bud break (80 per
cent). The buds from vegetative shoots and two days after

flower opening showed the lowest value of 70 per cent.
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Table 25. Effect of bud stage on the in vitro culture establishment of rose (cv._Folklore)
S1. Treatment Days to Bud break Shoot length
No. bud break (%) (cm)
1. Vegetative shoot ' 8.93(14) 70020) 0.80(14)
2. Flower bud stage 7.33(15). T5(20) . 1.05(15)
font
et
3. On the day of flower opening 7.13(15) 75(20) 1.42(15) o]
4, 2 days after flower opening 6.86(14) 70(20) 1.40(14)
5. 4 days after flower opening 4.44(18) 80(20) 1.95(16)
6. 8 days after flower opening 5.38(186) 80(20) 1.74(16)

Figures in paranthesis!number of replications Culture period;three weeks
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4.2.8. Shoot length

The statistical analysis of the data showed
significant variation among treatments. The buds from shoots
collected four days after flower opening had the maximum
shoot length of 1.95 cm, which was significantly superior tb
other bud siages. The buds from vegetative shoots recorded

the lowest shoot length of 0.80 cm.

4.2.7. Standardisation of media for initial culture

establ ishment

The results of the experiment conducted with auxins
2, 4-D or NAA at different concentrations in combination with
cytokinin (BAP) and Gibberellin (GA3) in combination with BAP
on initial culture establishment are pregented in Table 26.
The effect of different treatmenits was assessed based on days
to bud break and bud break percentage three weeks after

culture.

4,2.7.1. Days to bud break

The number of days taken for bud break revealed
significantldifferenCe with respect to different treatment
combinations. The days to bud break ranged from 4 to 10
days. Among the different combinations,earl& bud break (four

days) was observed in treatments containing BAP 2.5 mg/]1 + 2,
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Table 26.  Effect of different levels of cytokinin combination with auxin (2, 4-D er IAA)or GA3
on initial culture establishment in rose (cv. Folklore)
Basal mediom MS . Explant / axillary bud
Treatments Bud break
Sk Days to bud break percentage
No. | "BAP | 2,4-D | NAA GA3
(we/l) | (mg/l) | (mg/l) | (mg/l)

1 1.0 0.25 - - 10,0 a 40

2 1.0 0.50 - - . 85  cdefghi 40

3 1.0 0.75 - - 8.0  dehijklmnopqr 60

4 1.0 1.00 - - 7.5 iklmnopgrstuvw 40

5 1.5 0.25 - - 9.0  abed 40

6 1.5 0.50 - - 7.0 qrtvwxyzABCDE 60

7 15 0.75 - - 7.3 opqmstuvwxyzA 70

8 1.5 1.60 - - 7.3  opgrstuvwxyz 60

9 2.0 0.25 - - 8.0  dehijklmnopqrs 30
10 2.0 0.50 - - 7.0 qrivwxyzABC 60
11 2.0 Q.75 - - 6.0 BDEFIKIM 60
12 2.0 1.00 - - 5.0 JKILMNO 80
13 2.5 0.25 - - 6.6 BCDEFGHJ 60
14 2.5 0.50 - - 4.0 QRSTU 80
15 2.5 0.75 - - 4.2 QORST 60
16 2.5 1.00 - - 5.0 JLNQR 69
17 1.0 - 0.25 - 8.5 CDEFGHI 40
18 1.0 - 0.50 - 8.3  defghijkimn 40
19 1.0 - 0.75 - 8.0  dehijklmnopgrst 60
20 1.0 - 1.00 - 8.0  cehijklmno 50
21 1.5 - 0.25 - 8.0  dehijklmnopq 60
22 1.5 - 0.50 - 7.5  iklmnopgrstuvw 40
23 1.5 - 0.75 - 6.0 BDEFIJK 60
24 1.5 - 1.00 - 6.0 BDEFIKL 60
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Table 26. Centd

Treatments Bud break
SL Days to bud break percentage
No. BAP | 2,4-D | NAA GAs
g/l) | (@mgh) | (mg/l) | (wg/h)
25 2.0 - 0.25 - 1.0 qrivwxyzABCD 40
26 2.0 - 0.50 - 6.0 DEFJKLMN 80
27 2.0 - 0.75 - 4.0 QRSTU 60
28 2.0 - 1.00 - 5.0  JKLMNQ 50
29 2.5 - 0.25 - 8.3  cdefghijkim 60
30 2.5 - 0.50 - 6.0 BDEF] 40
31 2.5 - 0.75 - 7.0  grvwxyzABCDEFGH 20
32 2.5 - 1.00 - 7.0  opgmrstuvwxyzAB 20
33 1.0 - 0.25 - 7.0 grivwxyzAB 60
34 1.0 - 0.50 - 9.0  abcdef 60
35 1.0 - 0.75 - 8.4  cdefghijk 70
36 1.0 - 1.00 - 6.0  dehijkimnopgrstu 50
37 1.5 - - 0.50 7.0  qrtvwxyzABCDEF 60
38 L5 - - 1.00 1.0 qrtvwxyzABCDEFG 50
39 L5 - - 1.50 8.0  debijkimno 60
40 1.5 - - 2,00 8.4  cdefghijkl 50
41 2.0 - -~ 0.50 6.0 DEFJKLMNO 80
42 2.0 - - 1.00 7.4  iklmnopgrstuvwxy 70
43 2.0 - - 1.50 8.0  dehijkimnop 50
44 2.0 - - 2.00 9.2 abc 50
45 2.5 - - 0.50 9.0 abced 60
46 2.5 - - 1.00 9.0 abcde 50
47 2.5 - - 1.50 8.8  cdefgh 50
48 2.5 - - 2.00 100 a 30

Number of cultures /treatment =12
Means followed by a common letter are not significantly different at 5% level
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4-D 0.5 mg/] and ' BAP 2.0 mg/l + NAA 0.75 mg/l followed by
BAP 2.5 mg/1 +-2,4—D 0.75 mg/l (4.2 days), BAP 2.0 mg/l + 2,
4-D 1.0 mg/l1 (5.0 days) and BAP 2.0 mg/1 + NAA 1.0 mg/l (5.0
days). These treatments were significantly superior and on

par with each other.

Two treatments viz., BAP 1.0 mg/l + 2, 4-D 2.25.
mg/1 and BAP 2.5 mg/l1 + GAg 2.0 mg/l took the maximum of 10

" days for bud break.

Among the different concentrations of BAP in
combination witﬁ 2, 4-D at different concentrations days to
bud break showed a wide variation from 4.(BAP 2.5 mg/l + 2,
4-D 0.5 mg/l) to 10 days (BAP 1.0 mg/l + 2, 4-D 0.25 mg/l)
and in BAP and NAA treatment combinations the range was from
4 (BAP 2.0 mg/1 + NAA 0.75 mg/l) to 8.5 days (BAP 1.0 mg/l1 +
NAA 0.25 mg/l). In MS basal medium supplemented with
different combinations of BAP and GAg the days to bud break
ranged from 6 (BAP 2.0 mg/l + GA5 0.5 mg/l) to 10 days (BAP

2.5 mg/1 + GAg 2.0 mg/1).
4.2,.7.2. Bud break percentage
The bud break percentage three weeks after culture

ranged from 20 to 80. The highest value of 80 per cent bud

break recorded in four of the 48 treatments tried viz., BAP



2.0 mg/1 + 2, 4-D 1.0 mg/1, BAP 2.5 mg/l + 2, 4-D 0.5 mg/l,
BAP 2.0 mg/]l + NAA 0.5 mg/1l and BAP 2.0 mg/l + GAg 0.5 mg/l.
The lowest bud break percentage (20) was recorded at the
highest concentration of both BAP (2.5 mg/l) and NAA (1.0

mg/1).
4.2.8, Standardisation of medium for shoot proliferation

The experimental data on the trial conducted to
find out the most suitable hormone supplements for enhanced
release of axillary buds are given in table 27. The
parameters analysed for the induction and production of
multiple shoots under different treatment combinations showed

significant difference.

4.2.8.1. Days to initiate multiple shoot

The treatments showed significant differences. The
number of days taken for multiple shoot production ranged
from 23.4 to 44.3. MS medium supplemented with BAP alone
(0.5 to 2.0 mg/1) taook 35.2 to 43.0 days and kinetin (0.5 to
2.0 mg/1) recorded a range of 39.3 to 44.3 days. The days
for multiple shoot induction ranged from 23.5 (BAP 2.0 + GA3
0.756 mg/1l) to 35 days (BAP 1.5 + GAgq 0.25 mg/l). The lowest

level of BAP (0.5 mg/l) and GAq (0.25 mg/1) took 34.8 days.

Among kinetin and GAg combinations thé time taken

for induction of multiple shoot showed a wide variation
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Table 27. Effect of BAP, kinetin and in combination with GA3 on shoot proliferation (cv. Folklore)

Sk Treatments Days to initiate Cultures
No. multiple shoot with Number of shoots per culture Number of elongated shoots per culture
BAP | Kinetin [ GAs multiple
(mgl) | (mgl) | (mghl) shoots(%)
1 0.5 - - 430 ab 58.3 1.6 JKIM 0.0 pgrstvwxyzABCDEFGHIIKL
2 1.0 - - 39.1 ghijkl 66.7 2.0 BCDEFGHDIK 0.0 pgrsuvwxyzABCDEFGHIJKLM
3 15 - - 371 mn 583 3.0 nopqrsuvwxyzABCD 0.6 ImnopqrstuvwzyzAB
4 2.0 - - 352 pq 41.7 34  Imnopgrstuvwxy 0.4  opgrstuvwayzABCD
5 0.5 - 0.25 348 pams 333 3.0 nopgrsumwxyzABCDEFG 03  pyrstmwxyzABCDEFG
6 0.5 - 0.50 343  pgrstuvwx 333 3.5 jkmnopqrstuvw 0.8  himnopqrstuvwxyz
7 0.5 - 0.75 344  pqrstuvw 41.7 3.0 nopgrstuvwxyzABCD 0.2 pgrstuwwryzABCDEFGHI
8 0.5 - 1.00 345  pqrstuv 33.3 3.0 nopqrstuwzyzABCDE 0.8  hlmnopgrstuvwxy
9 1.0 - 0.25 334  rstuvwxy 41.7 2.0 DEFGHIK 0.4  opqrstuwxyzABCDE
10 1.0 - 0.50 3.6 yABCD 41.7 34  |mnopgrstuvway 1.0 efghijklmnop
11 1.0 -~ 0.75 31.7 yzABC 50.0 3.8 fghijklmnopqrst 0.8 efghijklmnopgrstu
12 1.0 - 1.00 31.6 yABCDE 583 4.0 efghijklmn 1.8  defghij
13 15 - 0.25 350 pgr 33.3 2.8  tuwxyzABCDEFGHI 0.8  himnopgrstuvw
14 1.5 - 0.50 346 pgostu 41.7 4.0  efghijklmnopq 1.6 defghijkl
151 - 15 - 0.75 323 xyzAB 66.7 4,8 cdef 2.0 cdef
16 1.5 - 1.00 29.7 CEFGHI 583 5.0 cde 24  bed
17 2.0 - 0.25 313 BCDEF 58.3 4.6  defghij 1.0  efghijklmnop
18 2.0 - .50 290 GHDO 583 48  cdefgh 1.8 defghi
19 2.0 - 0.75 235 M 91.7 62 ab 36 a
20 2.0 - 1.00 248 L 75.0 58 abe 32 ab
Contd.....

et
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Table 27. Contd.....

SL Treatments Days to initiate Culores
No. multiple shoot with Number of shoots per culture Number of elongated shoots per culture

BAP | Kinetin| GA3 muitiple
(mgh) | (mgl) | (msh) shoots(%)

21 - 0.5 - 443 a 25.0 13 KM 0.0 pgrstinwxyzABCDEFGHII

22 - 1.0 - 43.0 ab 333 25  wxzABCDEFGHI 0.0 parstuwxyzABCDEFGHI

23 - 1.5 - 42,6 abed 41.7 3.2 mnopgrstuvwxyzAB 0.0 pgrstuwaxyzZABCDEFGHIIK

24 - 2.0 - 39.3  ghijk 333 3.5  jklmnopgrstuvw 0.5  mnopgrstuvwxyzABC

25 - 0.5 0.25 40.2 fghi 41.7 3.2  mnopqrstuvwxyzAB 0.4 pgrstuvwayzABCD

26 - 0.5 0.50 41.8  bodef 50.0 4,0  efghijkimnopqr 1.0 efghijklmnopgr

27 - 0.5 0.75 40.5 efgh 50.0 3.6 fghifklmnopqrstuv 1.0  efghijklmnopgrs

28 - 0.5 1.00 42.3 bede 33.3 3.3  mnopqgrstuvwxyzA 0.8 hlmnopqrstuvwx

29 - 1.0 0.25 40.8 defg 333 3.0  nopgrsuvwxyzZABCDEF 0.3 parstuwxyzABCDEFG

30 -~ 1.0 0.50 40.0  fghij 50.0 4,0  efghijkimn 14  defghijklmno ‘

31 - 1.0 0.75 388 ghijklm 41.7 4,4  defghijkl 1.6  defghijklm

32 - 1.0 1.00 347 pqrst 50.0 48 cdef 2.0 cde

33 - 1.5 0.25 368 mo 41.7 42  defghijkim 0.8  hijkimnopqrstu

34 - 1.5 0.50 358 nop 41.7 4.6  defghij 1.6  defghijkl

35 - 1.5 0.75 33.4  rstuvwxy 41,7 5.2 bed 1.8 defgh

36 - L5 1.00 33.3  rstuvwxyzA 50.0 3.8 ighijkimnopgrst 1.8  defgh

37 - 2.0 0.25 30.0 CDEFGH 333 4.0 efghijkimno 0.8 himnopgrstuvw

38 - 2.0 0.50 304 BCDEFG 41.7 4.0  efghijkimnop 1.0 efghijklmnopq

39 - 2.0 0.75 276 IK 50.3 48  codefg 20 cde

40 - 2.0 100" | 234 LM 83.3 68 a - 3.0 abe

Numberofcultures per treatment = 12
Means followed bya common letter are not significanlty different at 5% level. o

s |



Standardisation of culture medium for
initial culture establishment (cv. Folklore)

PLATE 12
Shoot growth (3 weeks after culture)

in best initial culfure establishment medium
(MS medium + BAP 2.5mg/l + 2,4-D 0.5mg/1)

Standardisation medium for shoot proliferation (cv. Folklore)
PLATE 13

Multiple shoot (8 weeks after culture)
in best shoot proliferation medium
(MS medium + kinefin 2.0mg/1 + GA3s 1.0 mg/])
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ranging from 23.4 to 42.3 days. The best treatment for early
multiple shoot induction (23.4 days) was found to be the MS
medium suppliemented with kinetin 2.0 mg/l + GA5 1.0 mg/1 and
was on par with BAP 2.0 mg/l1 + GAgq 0.75 mg/1l (plate 13). The
maximum days (42.3) was taken by kinetin 0.5 + GA3 1.0 mg/1).

Percentage of cultures induced multiple shoots

The percentage of multiple shoot induction ranged
from 25,0 to 91.7 per cent. The MS medium supplemenied with
BAP 2.0 mg/1 + GAq5 0.75 mg/l recorded the best response (91.7
per cent) followed by MS + kinetin 2.0 mg/l1 + GAa 0.75 mg/1
(83.3 per cent). In treatments supplemented with -BAP alone
the percentage ranged from 41.7 (BAP 2.0 mg/]l) to 66.7 (BAP
1.0 mg/1) per cent and in kinetin alone supplemented to the
medium the percentage ranged from 25 (0.05 mg/l1) to 41.7 (1.5

mg/1>.

4.2.%-2-Number of shoots per culture

Significant differences were observed among
treatments with respect to the number of shoots formed per
culture. The maximum number of 6.8 shoots per culture was
observed in the combination of MS + kinetin 2.0 mg/l + GAg
1.0 mg/l which was on par with BAP 2.0 mg/l + GAgq 0.75 mg/1
and BAP 2.0 mg/l + GAg 1.0 mg/l. The lowest value (1.3) was

recorded in MS medium supplemented with lowest level of



128

kinetin ¢0.5 mg/l) and was on par with lowest level of BAP
. (10.5 mg/l1) alone. Treatments with low level of BAP/kinetin
alone or in combination with lowest levels of GAs showed poor

+  response.

%-2.%% Number of elongated shoots per culture

Statistical analysis of the data showed significant
variation among treatments. The treatment compination of MS
+ BAP 2.0 mg/l1 + GAg 0.75 mg/1l recorded the maximum number of
3.6 shoots/ culture followed by MS + kinetin 2.0 mg/l + GAgq
1.0 mg/1 (3.0 shoots/culture). These two treatments were
significantly superior to all other treatment combinations.

g8k Flower bud initiation

In one of the treatment combinations (BAP 2.0 mg/l
+ GAy 0.5 mg/l) tried to induce multiple shoots flower bud

initiation was observed (plate 14).

4.2.9. Standadardisation of medium for im vitro rooting

The result of the experiment conducted to find out
the most suitable hormone supplements for in vitro rooting
are presented in table 28. The effect of different
treatments on in vitro rooting was assessed based on days
taken fbr root initiation, percentage of yooting, number of

the
roots per shoot and length of 6 longest root. A perusal of the

A
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PLATE 14

Flower bud initiation 6 weeks alter culture in cv. Folklore
(MS medium + BAP 2.0 mg/1 GA3 0.5mg/D)






Table 28. Effect of different levels of IAA, NAA and in combination with 2,4-D on in vifro rooting

SL Treatments
Na Days to Rooting Number of roots per shoot Length of longest root (cm)
IAA NAA | 24D | roct initiation (%)
(mgf) | (mgh) | (mgh)
1 0.0 0.0 0.0 310 a 25.0 23 N 0.23 KILMN
2 0.5 - - 220 41.7 42 FGHIK 0.54 wxyzABCDEFG
3 1.0 - - 243 b 58.3 5.2 vwxyzABCDEF 0.94 ghijkimno
4 15 - - 16.8 mnop 66.7 5.8 mstvwx 112 defghi
5 2.0 - - 11.0 GHUKL 83.3 62 cd 146 b
6 - 0.5 - 19.2  fghij 50.0 3.6 HUKLM 0.48 zABCDEFGHIKL
7 - 1.0 - 19.5 efgh 75.0 54 wwxyzABC 0.80 jklmnopqrstuvw
8 - 1.5 - 15.9  opqrst 75.0 6.4 jklmnopgrstu 1.02  ghijkl
9 - 2.0 - 15.0  pgrstuvw 91.7 6.6 ghijklmnopqrs 1.20 bcdefg
10 0.5 0.5 - 19.6 efg 91.7 44 CDEFGH 0.52 yzABCDEFGHIJ
1 0.5 1.0 - 200 ef 75.0 6.2 Imnopgrstv 0.66 pgstuvwxyzAB
12 0.5 15 - 19.1  fghijk 75.0 7.0 efghijkimnop 0.88 ijklmnopq
13 0.5 2.0 - 16.2  opqr 75.0 6.8 fghijklmnopgr 0.88 ijkimnopq
14 1.0 0.5 - 139 uvwxyzAB 66.7 7.6 cdefg 118 cdefgh
15 1.0 1.0 - 85 N 91.7 116 a 244 a
16 1.0 1.5 - 9.5 KLMN 66.7 94 b 136 bed
17 1.0 2.0 - 109 GHUKLM 66.7 8.0 cde 0.78 klmnopgrstuvwxy
18 L 0.5 - 11.4 FGHIK 66.7 7.4 cdefghij 0.82 jkimnopgrstu
19 15 1.0 - 12.0 CDEFGHD 41.7 7.6 cdefg 140 be
20 1.5 13 - 12.2 BCDEFGHI 41.7 5.6 stvwxyzA 0.88 ijkimnopqrs

LT



Table 28. Contd......

SL Treatments
No. Days to Rooting Number of roots per shoot Length of longest root (cm)
IAA NAA | 24D root initiation (%)
(mg) | (mgl) | (mgh)
=1 1.5 2.0 - 140  uvwxyzA 41.7 7.0  efghijkimn 0.82 jkimnopgrstu
22 2.0 0.5 - 16.2  opgrs 417 6.6  ghijkimnopqrs 0.96 ghijkimn
23 2.0 1.0 - 145  grstuvwxy 33.3 7.3 defghijkl 1.00 ghijkim
24 2.0 15 - 143  tuvwxyz 33.3 78  cdef 0.80 jklmnopgrstuvw
25 2.0 2.0 - 15.0  pgrstuvw 353 7.5  cdefghi 0.85 jkimnopqrst
26 0.5 - 0.5 12.3 BCDEFGH 100.0 28 MN 0.54 wxyzABCDEFGH
27 0.5 - 1.0 15.7 opgrstu 75.0 44 CDEFGH 0.54 wxyzABCDEFG
28 1.0 - 0.5 13.1  wxyzABCDEF 58.3 5.4  wwxyzABCD 0.66 pgrsavwxyzAB
29 1.0 - 1.0 18.8  fghijkl 50.0 5.8  mstuvwx 0.70 mopgrstuvwxyz
30 1.5 - 0.5 13.4  wxyzABCDE 41.7 7.0  efghijkim 0.68 opgrstuvwxyzA
31 1.5 - 1.0 18.0  hijkim 50.0 7.0  efghijkim 0.64 gmtuvwxyzABCD
32 2.0 - 0.5 13.9 uwxyzABC 58.3 84 130 bedef
33 2.0 - 1.0 173 mmo 33.3 5.5 wwxyzAB 103 ghijk
34 - 0.5 0.5 129 wxyzABCDEFG 75.0 44 CDEFGHI 0.36 FGHIKIM
35 - 0.5 1.0 16.3 nopq 50.0 54  wwxyzABC 0.64 gstuvwxyzABCD
36 - 1.0 0.5 13.5 vwxyzABCD 50.0 6.2  Imnopgrstuv 0.92  hijklmnop
37 - 1.0 1.0 19.4  efghi 417 7.0  efghijkimno 0.60 tvwxyzABCDEF
38 - 1.5 0.5 15.2  pgrstuv 50.0 74 cdefghij 132 bede
39 - 13 1.0 208 cde 333 58 mtuwvwxyz 108 efghij
40 - 2.0 0.5 18.0  hijklm 41.7 52 vwxyzABCDEF 0.50 zABCDEFGHUK
41 2.0 1.0 23 ¢ 333 40 HUKL 0.35 FGHIJKLMN

Numberofcultures pertreatment = 12
Means followed by acommon letter are not significanlty different at 5% level.

4 4 2
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data revealed that the treatments differed significantly with

respect to different parameters studied on in vitro rooting.

4.2.8:1. Days to root initiation

The days taken for root initiation ranged from 8.6
to 31.0. earliest root initiation (8.6 days) was observed in
the medium supplemented with IAA and NAA both at 1.0 mg/l
followed by IAA 1.0 mg/l + NAA 1.5 mg/1 which took 9.5 days.
These two treatments were significantly superior to other
treatments and were on par with each other. The maximum of
31.0 days was taken for root initiation in the medium devoid

of any hormone (plate 15).

When IAA/NA alone was added to thé medium the days
to root initiation ranged from 11.0 to 24.3 and 15.0 to 19.5
respectively. 1In IAA and NAA combination treatments/the days
to root initiation ranged from 8.5 to 20.0 days. With
regard to IAA or NAA in combination with 2, 4-D the days to

root initiation ranged from 12.3 to 22.3 days.

4.2.9.2. Rooting percentage

The rooting percentage of cultured shoots ranged
from 25 to 100. Cent per cent rooting was observed in medium
containing IAA and 2,4-D both at 0.5 mg/l1 followed by 91.7

per cent rooting in three of the treatments viz., NAA 2.0
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Standardisation of culture medium for
in vitro rooting (cv. Folklore)

PLATE 15

Culture showing absence of rooting at two weeks

PLATE 16

Root initiation in MS medium + IAA 1.0mg/l + NAA 1.0 mg/1
at two weeks
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mg/1, IAA 0.5 mg/l + NAA 0.5 mg/l and IAA 1.0 mg/1 + NAA 1.0
mg/1. The lowest rooting of 25 per cent was recorded in

medium without any of the hormones.

4.2.9.3. Number of roots per shoot

The number of roots produced per shoot showed
significant differences among different treatments and it
ranged from 2.3 to 11.6. The highest number of 11.6 roots
was produced in medium supplemented with IAA and NAA both at
1.0 mg/]l which was significantly supefior to all other
treatments. The lowest number of roots (2.3) was produced in
medium devoid of any hormone supplements. Addition of IAA or
NAA alone to the medium produced roots ranging froﬁ 4.2 to
8.2 and 3.8 to 6.6 respectively. Better root production
efficiency ranging from 4.6 to 11.6 was observed with the
combined application of IAA and NAA. Incorporation of 2, 4-D
into the medium supplemented with IAA or NAA did not improve
the root production did met impreve the Poot preduetieon

efficiency and it ranged from 2.8 to 8.4.

4.2.9.4. Length of longest root (cm)

Analysis of the data revealed significant
differenceslfor root length four weeks after culture among
the different treatments. The length of root showed a wide

variation ranging from 0.23 cm to 2.44 cm. The longest root
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(2.44 cm) was produced in medium containing IAA and NAA both
at 1.0 mg/1 which was significantly superior to other
treatments. The shortest root of 0.23 cm was observed in
medium lacking hormone supplements. When IAA or NAA alone
was added to the medium the root length ranged from 0.54 to
1.46 cm and 0.48 to 1.20 cm respectively. Combined
application of IAA and NAA produced roots with length ranging
from 0.52 cm to 2.44 cm. Addition of 2, 4-D to the medium
containing either IAA or NAA did not improve root length and

in these treatments the root length ranged from 0.35 to 1.32

cm.
4.2.10. Effect of activated charcoal on in viitro rooting

The results on the effect of activated charcoal on
Iin vitro rooting are given in table 29. Significant
difference among treatment means were observed for different

parameters.

4.,2.10.1 Days to root initiation

Number of days to root initiation was the minimum
(7.5) in MS medium + IAA and NAA 1.0 mg/l each + sucrose 30
g/1 + agar 7 g/1 and charcoal 500 mg/l followed by IAA and
NAA at 1.0 mg/]l each + sucrose 30 g/1 + agar 7 g/1 and
charcoal 1000 mg/l1. Statistical analysis showed that these

two treatments were on par and were significantly superior to



Table 29. Effect of activated charcoal in combination with IAA, NAA on invitro rooting of cultured shoots (cv. Folkore)

Basal medium MS.
SL Treatments
Na Days to Rooting Number of roots per shoot Length of longest root (cm)
IAA NAA |Activated root initiation (%)
charcoal

(mg) | (mgh) | (mgl)
1 1.0 0.5 500 128 a 75.0 82 ef 3.24 bede
2 1.0 0.5 1000 124 ab 75.0 9.0 cde 2.94 cdefg
3 1.0 1.0 500 T2 g 91.7 120 a 520 a
4 1.0 1.0 1000 81 fg 91.7 11.6 ab 414 b
5 1.0 1.5 500 88 e 83.3 96 cd 3.58 be
4 1.0 1.5 1000 99 e 75.0 98 ¢ 3.48 bed
1.0 2.0 500 115  bed 75.0 8.0 efg 3.10 cdef
8 1.0 2.0 1000 116 be 75.0 78 fg 2.90 cdefg

‘Fvalue’ o & ad 17.88°** 5930

Numberofcultures per treatment = 12
** Significant at 5 per cent level
Means followed by a common letter are not significanlty different at 5% level.

o 4
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other treatments. Root initiation was delayed (12.8 days) in
treatment involving MS + sucrose 30 g/1 + agar 7 g/1 added
with IAA 1.0 mg/1 and NAA 0.5 mg/l and activated charcoal 500
mg/1l followed by the same levels of hormone supplemented

medium with 1000 mg/l1 activated charcoal.
4.2.10.2. Rooting percentage

The rooting percentage ranged from 75 to 91.7 per
cent. Maximum rooting of 91.7 per cent was recorded in two
treatments involving MS basal medium both containing same
hormone supplements of IAA and NAA at 1.0 mg/l sucrose 30 g/l

+ agar 7 g/1 + activated charcoal at 500 and 1000 mg/1.

4.2.10.3. Number of roots per shoot

The MS medium + IAA and NAA 1.0 mg/] each + sucrose
30 g/1 + agar 7 g/1 and activated charcoal 500 mg/l1 produced
the highest number of 12 roots followed by same medium with
the same hormone supplements with activated charcoal at 1000
mg/1l (11.6 days). These two combinations were significantly

superior to other treatment combinations tried.

4,2.10.4. Length of longest root

A significant difference in root length (5.20 cm)

was recorded in MS basal medium with auxin supplements IAA



PLATE 17

Root growth in MS medium + IAA 1.0 mg/1 + NAA 1.0 mg/|
at 4 weeks (Mean root length 2.44 cm)

PLATE 18

Best root growth in MS medium + IAA 1.0 mg/l + NAA 1.0 mg/l +
activated charcoal 500 mg/1 at four weeks (Mean root length 5.20 c¢cm)



TR

20 30 46 BO 0 7 8 90 IO




and NAA 1.0 mg/l each + sucrose 30 g/1 + agar 7 g/1 +
activated charcoal at 500 mg/l (plate 18). The root growth
showed a significant reduction at higher levels of auxins

with activated charcoal at both levels of 500/1000 mg/1.

4.2.11. Acclimatization and ex vitro establishment

Plantlets regenerated by in vitro technique under
high humidity and temperature could not survive by dir;ct
planting out in small pots. The plantlets exhibited
desiccation and wilting on planting out from the cultured
vessels. None of the ex vitro plantlets under diffused light
in small pots (7.5 x 6 cm) survived. Therefore it was found

that hardening was highly essential for ex vitro

establ ishment of rose.

4.2.11.1. Standardisation of potting medium

In order to assess the suitability of different
potting media on acclimatization and survival a trial with
six different potting media and three periods of root
induction was conducted. The results are presented

in table 30.

A critical analysis of the data revealed that
survival rate was dependent on both the media used for

planting out and the duration to which it was kept in the
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Table 30. Effect of rooting period and potting mixture on
survival of plantlets (cv. Folklore)
Sl1. Potting mixture Rooting Survival percentage
No. parjod @ — eSS
(weeks) one two three
week weeks week
1 Sand Two 87.50 62.50 25.00
Three 100.00 87.50 62.50
Four 100.00 50.00 50.00
2 Soilrite- Two 87.50 37.50 00.00
Three 100.00 87.50 62.50
Four 87.50 37..50 37.50
3 Vermiculate Two 50.00 25.00 00.00
Three 75.00 25.00 00.00
Four 75.00 50.00 12 .50
4 Sand:soiltrite Two 100.00 75.00 25.00
{1:1)
Three 87.50 50.00 25.00
Four 100.00 75.00 37.50
5 Sand:vermiculate Two 87.50 25.00 00.00
1:1)
Three 100.00 aT7.50 12.50
Four 87.50 60.00 12.50
6 Sand:peatmoss Two 37.50 12.50 00.00
C1:1) ‘
Three 50.00 50.00 12.50
Four 25.00 25.00 00.00

Nitmhbhar A~f nlante mnar treaaftmant - R
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root induction medium. Survival rate was cent per cent one
week after planting out where plantlets were planted out in
i) sand medium after keeping them in the root induction
medium for 3 weeks ii) sand medium after keeping them in the
root induction medium for 4 weeks 1iii) soilrite after
keeping them in the root induction medium for 3 weeks iv)
sand: soilrite (1 : 1) for 2 weeks in the root induction
medium and sand vermiculate (1 : 1) for 3 weeks. Potting
medium containing peat moss recorded high mortality during
the first week itself irrespective of the time kept in

rooting medium.

AL“%econd week after planting out (plate 20), survival
rate showed a reducing trend (12.5 to 87.5 per cent). The
highest rate of 87.5 per cent survival was noticed in sand
and in soilrite when planted out after three weeks in rooting

medium followed by sand : soilrite (1:1) 75 per cent.

The survival rate of plantlets three weeks after
planting out drastically reduced. In six out of eighteen
treatments, complete mortality was recorded. A better
response of 50 per cent survival was noticed in sand, when
plantlets were grown for three weeks or four weeks in rooting
medium. In sand : soilrite (1:1) 50 per cent survival
observed when the period of rooting was four weeks. Among the

different potting media sand and sand : soilrite (1:1) were
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found to give comparatively good survival after three weeks.

However, further growth was arrested and plantlets started

’

desiccation and wilting resulting in complete mortality by

fourth week.

4.2.11.2. Control of temperature and relative humidity

Satisfactory mainten%be of relative humidity could
be achieved by using an improvised structure made of
polythene sheet and wooden frames. (Plate 19). Spraying of
cold water (12 + 2%) fine spray at an interval of three
hours during the day time using a hand sprayer with fine mist
nozzle enabled to maintain high humidity (90 to 100 per
cent). During the first three days, the plantlets under
polythene covers were maintained inside the culture room
under 3000 lux light intensity. Three days after planting
out, the plantlets were kept outside the culture room during
day time. The relative humidity was progressively lowered

five days after planting out by reducing the frequency of

water spray and by providing perforations in the polybag.

4.,2.11.3. Supply of nutrients

The results of the trial conducted with nutrient
solution of different concentrations on the growth of plant
lets are presented in table 31. The mean number of days

taken for the emergence of first leaf ranged from 5.6 to 6.0,



Ex vitro (Field) establishment of cv. Folklore

PLATE 19

Improvised hardening structure consisting of wooden frame
and polythene cover

PLATE 20

Effect of different potting mixtures on hardening and
establishment (2 weeks after planting out)

1.Sand 2. Soilrite 3. Vermiculate
4. Sand : Soilrite (1: 1) S.Sand : Vermiculate (1: 1)
6. Sand : Peatmoss (1:1)






Table 31. Effect of supply of nutrient solution on growth and survival of
plantlets (cv. Folklore)

Py

Days to emergence Plant height Survival
Treatments of (cm) Mean (%)
S1. Qty. Freq— increase after
No. (ml) wuency first second Time of Three weeks in plant = three
(days) leaf leaf planting weeks height weeks
ing out planting
out
1 Water 4] 3 5.8 11.8 2.96 3.60 0.64 25.00
2 MS one tenth
strength 5 3 5.6 10.4 2.92 3.84 0.92 37.50
3 MS half
strength 5 3 5.8 11.5 3.02 3.90 0.88 12.50
4 MS full
strength 5 3 6.0 12.0 3.00 3.80 0.80 12.5

Number of plants per treatment - 8
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and second leaf 10.4 to 12.0. Supply of MS inopganic salts
in liquid form at one tenth conc%}ration at a dose of 5 ml
each at 3 days interval recorded early leaf production in
10.4 days whereas supply of MS full strength solution

delayed leaf emergence and took 12.0 days for the same.

The mean increase in plant height three weeks after
planting out ranged from 0.64 to 0.92 cm. The lowest growth
rate (0.64) was recorded in treatment in which water alone
was supplied. The maximum growth rate was recorded by the
addition of MSI%ne tenth concentration and a dose of 5 ml

per plant at three days interval. The same treatment
also recorded the highest survival rate of 37.50 per cent.
Survival percentage was reduced at higher concentration of

nutrient solution applied.

However, three weeks after planting out the
plantlets started dehydration and wilting and resulted in

cent per cent mortality by fourth week.
4.2.12. The effect of mycorrhizae on ex vitro establ ishment

The results of the experiment conducted with the

inoculation of three spp. of mycorrhizae on ex vitro

establishment of plantlets cultured in vitro are presented in

table 32.



Table 32. Effect of mycorrhizae on ex vitro establishment
of rose (cv. Folklore)

Days to emergence Plant ﬂtht (ca) Survival (%) after planting
out at weekly intervals -

TIOONILS  ~-rrmmemeremeves N e SRS s s ST R C A s N WA s SoRRE SR AT EL RSN SR S AR RE SR RS We R e SER R TSR D S0 AERARTTR S 22 Days to

First second Time of 3 weeks increase 6 weeks increase flowering

leaf leaf plant-  after in plant after  in plant

ing out  plant- hight plant-  hight | 2 3 § 5 §
ing out ing out

Control 5.4 10.8 3.9 §.5 0.60 0.0 0.0 100 86,67 &6.67 00.00  00.00 00.00 000
G. entunicatum 5.8  11.0 3.5 §.2 0.70 15 33 100 93.33 66.67 66.67  66.67 66.67 105
6. fasciculatum 4.8  10.6 3.9 b4 0.50 1.1 .1 100 86.67 13.33 13.33 53.33 953.33 108
G. constrictus 5.2  10.3 3.8 §.6 0.80 3l .6 100 100,00 66.67 66.67  53.33 53.33 130

Number of plants per treatment 15



The result indicated that the days required for the
emergence of first leaf ranged from 4.8 to 5.8 and second
leaf 10.3 to II.O.. The mean increase in plant height three
weeks after planting out recorded was in the range of 0.5 to

0.8 cm. The inocuylation with G. constrictum had the highest

growth rate (0.8 cm) and lowest with G. fasiculatum (0.5 cm).

Six weeks after planting out G. etunicatum had the highest

growth rate of 3.3 cm.

The survival of plantlets were cent per cent in
all the treatments one week after planting out, however, it was
reduced in the second week except in the treatments

inoculated with G. constrictum. Three weeks and four weeks

after planting ouf‘highest survival rate of 73.33 per cent
was observed in tfeatment inoculated with G. fasciculatum
(plate 22) and lowest 46.87 per cent survival in control
population. Four weeks after planting out, cent per cent
mortality was observed in non-mycorrhizae inoculated plants
(plate 21). Four weeks after planting out, the plantlets were
transferred to large earthen pots (16 x 12 cm). A potting
mixture (unsterilised) consisting of soil, sand and cattle
manure in 1:1:1 proportion was used, The plantlets
inoculated with G etunicatum had the highest survival rate of
66.67 per cent. Sixfz}§2r planting out, there was no mortality

of plantlets. The plate, 23 shows the growth and appearance

of the Plantlets eight weeks after planting out.



EFFECT OF MYCORRHIZAE ON PLANTLET ESTABLISHMENT

PLATE 21

Control (plantlets in mycorrhizae free sand)
4 weeks after planting out

PLATE 22

Plantlets on sand inoculated with mycorrhizae (VAM)
4 weeks after planting out






PLATE 23

Plantlets 8 weeks after planting out
( inoculated with mycorrhizae)

PLATE 24

Plantlets 16 weeks after planting out
(inoculated with mycorrhizae)
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The ex vitro established mycorrhizal inoculated
plants started flowering from 105 days onwards. However,
there was much variation in the number of days required for
flowering (plate 24). Plantlets inoculated with G etunicatum
was the earliest to flower (105 days) followed by G

fasiculatum (108 days). Plantlets inoculated with G

constrictum took as high as 130 days for flowering.

4.2.13. Somatic organogenesis/embryogenesis
4.2.13.1. Standardisation of basal medium

The response of internodal segments and leaf disc
explants in inducing callus and growth are given in Table 33.
The callus induction was initiated from the cut ends of the
internodal explants aﬁd slowly spread the entire explants.
In the case of leaf disc_explants,the callus initiation
started from the cut end of the midrib in the form of small

globules and then spread over the entire surface.

4.2.13.1.1. Percentage of cultures induced callus

The percentage of cultures inducing callus in leaf
explants ranged from 33.3 to 83.3. Three treatments BAP 0.5
mg/1 + NAA 1.0 mg/l, BAP 0.5 mg/1 + NAA 2.0 mg/l and BAP 1.0
mg/1 + NAA 1.0 mg/l withtfbwest level of 2, 4-D, 0.5 mg/l

recorded 83.3 per cent callus induction. At higher levels of



Table 33. Effect of Cytokinin (BAP) in combination with auxin
(NAA or 2, 4-D) on the induction and growth of callus

(cv. Folklore)

Explants
Basal medium

internodal segment and leaf disc.
MS half strength.

Treatments Leaf disc Internodal segment
Sl. BAP NAA 2,4-D cultures Growth <callus cultures Growth Callus
No. (mg/1) (mg/l1) (mg/l1) induced score index induced index
callus(®¥) (G (CI) cal lus(%) (CI)
1 0.5 1.0 0.5 83.3 1.2 99.96 66.7 86.71
2 0.5 1.0 1.0 50.0 1.3 65.00 66.7 66.70
3 0.5 2.0 0.5 83.3 3.0 249.90 83.3 199.92
4 0.5 2.0 1.0 50.0 1.7 85.00 66.7 66.70
5 1.0 1.0 0.5 83.3 1.8 149.94 50.0 65.00
6 1.0 1.0 1.0 50.0 1.3 65.00 50.0 50.00
3 1.0 2.0 0.5 66.7 1.7 113.39 50.0 50.00
8 1.0 2.0 1.0 33.3 1.0 33.30 50.0 50.00

Number of cultures /

treatment - 8

Culture period 8 weeks.

o -
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auxin and cytokinin, the percentage of culture that induced

callus reduced to 33.7 per cent.

With regard to internodal segments, the highest
percentage was observed at low levels of BAP (0.5 mg/l) and
2, 4-D (0.5 mg/l) and higher level of NAA (2.0 mg/l). Four
out of eight treatments recorded only 50 per cent callus

induction.

4,2.13.1.2. Growth score

The scores for the growth of callus ranged from 1.0
to 3.0 in the case of leaf disc explants and it ranged from
1.0 to 2.4 in the internodal segments. The best response was
observed at low level of BAP (0.5 mg/l) and 2, 4-D (0.5 mg/1)
+ NAA (2.0 mg/l1) for both the explants (plate 25 & 26). In
one of the cultures direct rhizogenesis from leaf disc

callus was observed (plate 27).

4.2.13.1.3. Callus index (CI)

The callus index recorded a wide variation from
33.30 to 249.90 for leaf disc explants and 50.0 to 189.92 for
internodal segments. The highest value was recorded in the
treatment MS medium in combination with BAP (0.5 mg/l), 2,4-

D 0.5 mg/]l and NAA 2.0 mg/1 for both the explants.



Standardisation of medium for callus induction (cv. Folklore)

PLATE 25

Best callus induction using leaf disc explants (MS medium + BAP 0.5
mg/l + NAA 2.0 mg/1 + 2,4-D 0.5 mg/1) at 6 weeks after culture

PLATE 26

Best callus induction using leaf disc explants (MS medium + BAP 0.5
mg/l + NAA 2.0 mg/1 + 2,4-D 0.5 mg/l) at 8 weeks after culture
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4.2.13.2. Standardisation of medium for somatic organogenesis

The results obtained for standardisation of the

medium for somatic organogenesis is presented in Table 34.

4.2.13.2.1. Callus proliferation (percentage)

The percentage of callus exhibiting callus
proliferation ranged form 33.3 to 100 for leaf disc explants
and 16.7 to 83.3 for internodal callus. In both the cases,
addition of BAP (0.5 mg/l) + NAA (0.1 mg/l) + and Ascorbic

acid 5 mg/]l was found to be the most effective.

4.2.13.2.2. Growth score (G)

The maximum score of 2.1 for leaf disc explant was
noticed in the treatment MS + BAP 0.5 mg/l + NAA 0.1 mg/1 +
ascorbic acid 5 mg/l. The same treatment was also found to
be the best in the case of internodal segment with a score of

2.9

4.2.13.2.3. Callus Index (CI)

Callus index for leaf disc explants ranged from
33.3 to 210.0 and for internodal segments from 16.7 to
241.6. The least response was recorded in combination MS +

BAP 0.5 mg/1, NAA 0.1 mg/l and ascorbic acid 5 mg/1.
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Table 34. Effect of different levels of BAP and NAA in
combination with 2, 4-D or ascorbic acid on callus
prolifraton and organogenesis. (cv. Folklore)
Basal medium - MS half strength

No.  BAP NAA 2,4-D  ALA callus growth callus cultures callus growth callus cultures
(mg/1) (mg/1) (mg/1) (mg/l)  prolife- score  index with prolife- score  index  with
ration(t) (G) (CI)  roots (%) ration(1) (6) (1) roots (1)

I 0.5 0.1 - 5 100.0 2.1 210.0 0 §3.3 .9 214.6 0
1 05 0.1 " 10 83.3 1.4 116.7 0 83.3 1.9 158.3 0
3 05 0.2 * 5 §3.3 Y 100.0 0 83.3 1.4 116.6 0
§ 05 0.2 5 10 §6.7 1.1 13.4 0 66.7 1.2 80.0 0
5 10 0.1 - 5 66.7 1.0 66.1 0 66.7 1.0 66.7 0
§ 1.0 0.1 - 10 66.7 1 13.4 0 66.7 1.3 86.7 0
1 10 0.2 . 5 50.0 1.0 50.0 0 50.0 1.3 §5.0 0
§ 1.0 0.2 - 10 66.7 1.0 66.7 0 33.3 1.0 3.0 0
y 05 2.0 0.5 - 66.7 1.1 13.4 0 50.0 2.0 100.0 0
10 0.5 2.0 1.0 s 50.0 1.0 50.0 0 33.3 1.1 56.6 0
0.5 .5 0.5 . 66.7 1.5 100.1  33.3 50.0 2.5 1250 3.3
12 0.5 2.5 1.0 & 50.0 1.3 65.0 0 50.0 2.3 115.0 0
3 10 .0 0.5 z 33.3 11 36.6 0 66.7 I 13.4 0
14 1.0 2.0 1.0 . 50.0 1.0 50.0 0 50.0 1.1 55.0 0
5 L0 2.5 0.5 * 33.3 1.0 33.3 0 33.3 2.1 69.9 0
16 1.0 .5 1.0 . 33.3 1.5 33.3 0 16,7 1.0 16,7 0

Number of cultures / treatment - § Culture period - 12 weeks
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4.2.13.2.4. Rhizogenesis from callus cultures

Among the different treatment combinations tried to
induce somatic organogenesis from callus cultures, shoot
induction was not observed either in cultures which were
transferred to fresh medium every six weeks or in the
cultures which were observed for six months without

subculturing.

However, 33.3 per cent of the leaf and internodal
callus cultures induced rhizogenesis (Plates 27 & 28) and
produced thick and fleshy roots in MS medium supplemented
with BAP and 2,4-D 0.5 mg/l and NAA 2.5 mg/l. The cultures
were again transferred to the fresh medium to intiate the
fresh growth of callus for morphogenesis but it was not

successful.

4.2.13.3. Standardisation of medium for somatic embryogenesis

Attempts made to induce somatic embryogenesis were
not successful. Different treatment combinations were tried,
but no positive results were obtained.

4.3. INDUCED MUTATION ADOPTING IN VITRO CULTURE

4.3.1. Irradiation of budwood

The direct effect of gamma rays on percentage
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PLATE 27

Rhizogenesis from leafl callus (MS medium + BAP 0.5mg/] + NAA
20 mg/1 + 2,4-D 0.5 mg/1) at 6 weeks after culture

PLATE 28

Rhizogenesis {rom internodal callus (MS medium + BAP 0.5mg/l +
NAA 20 mg/1 + 2,4-D 0.5 mg/1) at 8 weeks after culture
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gsprouting, survival and malformed leaves are presented 1in

table 35.

4.3.1.1 Bud break percentage

The percentage of bud break in control and 20 Gy
treated population ranged from 60 to 80 at different stages
of axillary bud explantis. In 30 Gy, it ranged from 45 to 70
and in 40 Gy 10 to 30 pércent. The bud break percentage
range at different doses of gamma rays was as follows. At Bl
it was 20 to 60, at B2 it was 30 to 70 at B3 it was 20 to 80
at By it was 10 to 90 and at By it was 10 to 85. The lowest
bud break percentage was recorded in 50 Gy followed by 40 and
30 Gy. No difference in bud break wasg observed in the
control and in 20 Gy treatment when the explants were excised
from B;, B, and B, bud stages. ‘Howeven in By and Bg, 20 Gy
treatment reduced the percentage of bud break. The
irradiation wf gamma rays gt 30 Gy in B3 bud stdge resulted
in 10 per cent increase in bud break over the 20 Gy exposure

3

and 10 per cent decrease when compared to the control.

4,3.1.2. Survival percentage

Survival of the cultures three weeks after
inoculation ranged from 0 to 90 per cent. At 50 Gy treatment,
none of the cultures survived after three weeks. The

survival percentage showed a progressive decline at higher



lable 35. Effect of gamma rays on percentage of bud break,
survival and malformed leaves (cv. Folklore)

Treatments Percentage of
Bud stage (B) Gamma ray{Gy) Bud break Survival Malformed
(D) (Two weeks) (Three weeks) leaves
Vegetative shoot (B;) Dy 00 60 60 00.00
Dy 20 60 60 16.70
Dy 30 45 40 37.50
Dy 40 20 10 50.00
Dy 50 00 00 00.00
Day of flower opening (Bz) Dg 00 70 60 06.00
D; 20 70 70 21.43
Dy 30 50 40 37.50
Dy 40 . 30 15 33.33
Dy 50 00 00 00.00
Two days after flower opening DO 00 80 80 6.25
(By) Dy 20 60 55 . 2T7.27
D, 30 70 55 27.27
) Dg 40 30 10 50.00
. Dy 50 20 00 50.00
Four days after flower Opening DO 00 80 90 00.00
(By) Dy 20 a0 80 5.56
D, 30 70 55 6.25
Dy 40 40 20 36.36
D, 50 10 00 00.00
Six days after flower Opening Dy 00 85 85 00.00
(Bg) D; 20 80 60 13.33
' D, 30 65 40 33.33
Dy 40 30 10 50.00
D, 50 10 Q0 00.00

B%1

Number of cultures / treatment - 20
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doses of .gamma rays irrespective of the physiological stage
of the bud. In the untreated popuation, 60 to 90 per cent
survival was obtained as against 60 to 80 per cent in 20 Gy,

30 to 55 per cent in 30 Gy and 10 to 20 per cent in 40 gy.

4.3.1.3. Effective dose (ED50)

— ——————— St g T T Y o g W e S S S S T T Bt S 4t St ot e S e S e ey o e S S e S e ——

Observed Ad justed
Dose (Gy) survival survival
(%) (%)
0 85 100
20 60 71
30 40 59
40 ~ 10 12
50 0 0
Y = K + Ab%

where Y is the survival percentage and X is the dose.

Y = 75.1143 - 4.1143 x 3.9167%

For 50 per cent survival the expected dose = 33 Gy.

4.3.1.4. Percentage of cultures with malformed leaves.

The percentage of survived plants showing mal
formation of leaves ranged from 0 to 50. Among the untreated
population only in B, bud stage 6.25 percent of cultures

showed malformation of leaves.



The percentage of cultures with malformed leaves
ranged from 5.56 to 27.37 in 20 Gy (plate 30), 6.25 to 37.50
in 30 Gy, (plate 31) 33.73 to 50 per cent in 40 Gy (plate 32)
treatments respectively. The differences in percentage of
malformed leaves were also noticed at different bud stages.
At B, it was 0 to 50, B, 0 to 37, By 6.25 to 50 and at B,

5.56 to 36.36.

4.3.1.5. Days to bud break

The statistical analysis of the data-revealed that
the effect of gamma ray exposurg varied, depending on the bud
stage: Bie—-pimber=cf (table 36). The main effect of bud
stages and gamma rays were also significant. The mean values
of days to bud break ranged from 3.72 to 10 days. Early bud
break of 3.72 days was observed in gamma irradiation of buds
of B4 bud stage at 20 Gy, which was significantly.superior to

other treatments.

Generally, higher doses of gamma rays delayed bud
break. Howeveg 20 Gy gamma irradiation induced early bud
break except .at B; bud stagde. A significanf difference in
days to bud break was recorded in B1 bud stade when
irradiated at 40 Gy. Comparison of the main effects revealed
that B4 bud stage showed significant superiority over other

stages to induce early bud break, and comparison of the dose



Effect of Gamma irradiation on initial culture establishment in
cv. Folklore (three weeks after culture)

PLATE 29

n“:!.

Control

PLATE 30

20 Gy

1. Control 2 & 3. Treated






Table 36. Effect of gamma rays on days to bud break -
(cv. Folklore)

Bud Gamma rays (Gy)
stage =~ = @ - Mean
(B) 0(Dg? 20(Dy) 30(Dy) 40(Dgy)
B, 7.83 7.33 8.89 10.00 8.51
B, 5.79 5.71 6.55 7.83 6.42
Bg 5.00 5.50 6.31 7.87 6.12
By 4.39 3.72 4.50 8.00 5.15
Bg 4.88 4.44 5.46 7.87 5.61
Mean  s.58  s.14 6.4 s.zs T
-
‘F’ value ‘B’'= 141.16% D = 128.07* BxD = 5.71% @
* Significant at 5 per cent level
Bl - Vegetative shoot B2 - Day of flowér opening
B3 - Two days after flower opening By, - Four days after flower opening

B5 - Six days after flower opening
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effect showed control and 20 Gy treatment were on par with
each other for early bud break and significantly superior to

other treatments.
4.3.1.6. Dgya to first leaf emergence

The data on days tc first leaf emergence presented
in table 37 revealed significant interaction between bud
stages and gamma rays. The main effects of bud stages and

doses of gamma rays were also found to be significant.

Early leaf emergence was noticed in 20 Gy gamma
rays at B4 bud stage. At all the bud stages?ﬁighest dose of
gaﬁma reys (40 Gy) delayved leaf emergence whéfe:gs the lowest
dose (20 Gy) stimulated early emergence except in Bg bud
stage. The bud collected in the By Qtage showed significant
superiority for earliness in leaf emergence (10.53 days). In
the case of dose effect it was found that 20 Gy gamma ray

irradiation and control plants were on par and significantly

superior to other treatments.
4,.3.1.7. Percentage of cultures inducing multiple shoot

The effect of gamma rays on induction of multiple
shoot are presented in table 38. The percentage of cultures
with multiple shoot ranged from 33.33 to 94.44. The highest
percentage was noticed at By bud stage when irradiated at 20

Gy gamma rays (94.44). The highest percentage of multiple



Table 37. Effect of gamma rays on days to first leaf emergence.

(cv. Folklore)

R LS et R e e e S S B L S St S ey g T R et T S S S e ey T T i oy e S T S S L R H et S ek e ey . S —— — — T i e e e

Bud Gamma, rays (Gy)

stage @ @
(B) O(DO) 20(D1) 30(D2) 40(D3)

Bl 12.50 11.75 13.00 15.50

Bz 10.93 10.71 13.09 15.87

B3 10.00 10.58 11.77 14.50

B4 9.44 8.44 11.00 13.25

35 10.06 10.00 12.00 14.33
Mean 10.59 10,30 12,17 14.865

‘F' value 'B’'= 57.84% D = 197.15%

¥ Significant at 5 per cent level
Bl - Vegetative shoot
B4y - Two days after flower opening

B5 —~ Six days after flower opening

BxD =3.56%

Bz ~ Day of flower opening

By - Four days after flowe



Table 38. Effect of gamma rays on induction of multiple shoots (%)
(cv. Folklore)

Bud Gamma rays {(Gy)

stage @  ---————————————— e s e e
(B) 0(Dg) 20(Dy) 30(Dy) 40(Dy)
Bl 83.33 83.33 66.67 50.00
B, 85.71 78.587 81.82 50.00
Bg 87.50 83.33 78.92 50.00
B4 88.89 94 .44 85.71 ) 82.50
Bg 82.35 81.25 69.23 33.33
B1 - Vegetative shoot By, - Day of flower opening
By - Two days after flower opening

B4 — Four days after flower opening

B5 —_Six days after flower opening

99T
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shoot induction was recorded in control except in B4 bud
stagde. At the highest dose of 40 Gx,the higheat multiple
shoot was observed at B4 (62.50) and the lIowest at B5

(33.32) bud stage.
4.3.1.8. Days to induce multiple shoots.

The statistical analysis of data on days to induce
multiple shoot presented in table 39 revealed that
interaction of bud stage and gamma ray treatment was

gignificant.

Early induction of multiple shoot was noticed under
20 Gy gamma rays at B,y bud stage which was significantly
superior., Among the different treatments the days to
multiple shoot induction ranged from 21.41 to 60 days.
Irradiation of gamma rays at 20 Gy induced early multiple
.shoot at Bl' ﬁa & B4 bua stages. Hiéher doses of gamma rays
delayed multiple shoot induction. Comparison of the main
effects of the bud stages revealed that for early multiple
shoet induction B4 bud stage was significantly superior to
other stages and took only 27.75 days where_as 40 gy

treatment took as high as 50.08 days,

4.3.1.8. Number of shoots per culture

A

The data on number of shoots produced per culture

are presented in table 40. The results revealed significant



Table 39. Effect of gamma rays on days to fnduce multiple shoots (cv. Folklore)

Bud Gamma rays (Gy)
stage = = —ommmmm e T T Mean
(B) 0(D0) 20(D1) 30(D2) 40(D3)
By 33.10 22.860 34.50 60.00 37.55
B, 28.867 31.45 ' 32.78 49.00 37.73
Bg 28.07 26.20 . 30.20 45.00 32.37
By : 26.19 24.41 . 27.42 38.80 29.21
By 33.71 34.08 35.67 57.50 40.24
e e e et e e e e o e e e e e e e e o S T T T ()
Mean 30.15 27.75 32.11 50.06 e
L] ) ¥ ¥ ]
F’ value B’'= 157.10 D = 415,19 BxD = 18.32
¥ Significant at 5 per cent level
Bl - Vegetative shoot By ~ Day of flower opeﬁing
Ba - Two days after flower opening B4 - Four days after flower opening

B - Six days after flower opening



Table 40. Effect of gamma rays on number of shoots per culture
(¢cv. Folklore)

Bud Gamma rays (Gy)

SLAGE —m——m e e T T . Mean
(B 0(D0) 20(D1) 30(D2) 4O(D3)

By 3.40 3.50 3.30 2.50 3.18
By 4.58 4.73 3.67 1.87 3.66
Bg 5.21 5.00 4.40 2.67 4.32
By 5.31 5.59 4.33 2.80 4.51
Bg 4,50 4,31 3.78 1.50 3.52
Mean 4.60 4.67 3.90 2.23

‘F* value 'B'= 20.65" D = 41.187 BxD = 1.868%

* Significant at 5 per cent level
B, - Vegetative shoot Bz - Day of flower opening
B3 - Two days after flower opening B4 -~ Four days after flower opening

B5 - Six days after flower opening

69T
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PLATE 31

1. Control + 2,3 &4, Treated

PLATE 32

40 Gy

1. Control 2,3 & 4. Treated
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difference in interaction between bud stages and gamma rays.
The main effects of bud stages and gamma. rays were also
gignificant. The maximum number of shoots per culture were

produced in the 20 Gy treated population at B4 bud stage.

4.3.1.10. Cultures with morphological variation

The observations recorded on cultures with
morphological variations are presented in table 41. The
results indicated that percentage of morphological variations
ranged from 0 (B; Dy) to 50 (B; D3). Control population also
showed slight variation ranging from O (Bl Bs) to 7.14 per
cent (Bz). But gamma rays exposure induced higher variation
ranging from 8.33 (Bl Dl) to 50 (Bl D3). The type of
variations observed were shoots with yellowing of leaves

(plate 33), enlarged leaf blade (plate 34), deformed leaf

!

lets (plate 35), and chlorophyll deficient leaves (plate 36).
Except at B bud stage maximum variation was observed in the
highest dose. Highest variation was recorded in 30 Gy at B5
bud stage. No variation was noticed in the untreated

population at Bl and B5 bud stages.
4.3.1.11. Growth analysis of microshoots
i) Main shoot

Growth measurements recorded at two weeks interval

are presented in Appendix XIV. The interaction between bud
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Table 41. Effect of gamma rays on inducing morphological variations
in culture (%) (cv. Folklore)

Bud Gamma rays (Gy)

stage = | @ —mmmemmeemcmrr e e e e e e e e

(B) 0(Dy) 20(D1) 3O(D2) 40(D3)

By 0.00 8.33 22.22 50.00

B, 7.14 21.43 18.18 33..33

Bg 6.25 16.686 15.38 33.33

By 5.586 16.66 14.29 25.00

Bs 0.00 12.50 23.07 16.66 ?:
______________________________________________________________________ nd
By - Vegetative shoot B2 - Day of flower opening

By - Two days after flower opening By - Four days after flower opening

B5 - Six days after flower opening
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Effect of Gamma irradiation on
shoot proliferation (cv. Folklore)

Morphological variations

PLATE 33

Yellowing of leaf

PLATE 34

Enlarged leafl blade
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PLATE 35

Deformed Leaflets

PLATE 36

Chlorophyl\ deficiency of leaf
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stages and 'gamma rays at different stages of growth showed

Bignificant differendes between them (Table 42).

The growth of the maiqshoot at two weeks and four
weeks after culture show?d significant difference in Bg (1.98
cm),i?i (1.90 cm) among the untreated group; Six and eight
weeks after culture maximum shoot length (3.36 and 4.04 cm)

recorded in B4 bud stage of control populétion which was

significantly superior to all other treatments.

The interaction between bud stages and gamma rays
indicated significant differences with respect to growth of
the main shoot. The control population at B4 bud stage (2.99
cm) was found to be significantly superior and on par with 20
Gy t;eated population (2.87 cm) of same bud group followed.by
control and 20 Gy treated population of B5 bud stagde

(2,81 cm).

Comparison of gamma rays and growth period
interaction on growth of main shoot refealed significant
difference. The shoot length was significantly superior,
eight weeks after culture in 20 Gy treatment (3.12 cm) and on

par with control group (3.10 cm).

The main effect, of bud sitages on growth of main
shoot revealed that B, bud stage (2.42 cm) was significantly

superior and on par with Bg bud stage (2.33 cm). It was
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Table 42. Interaction effect between bud stages and gamma rays on growth
at two weeks interval (cv. Folklore) i Main shoot

Bud stages Gamma, rays (Gy) Culture period (weeks) Mean
(B) 0 20 30 40 2 4 6 8
By 1.44 1.63 1.45 1.22 0.87 1.34 - 1.64 1.89° 1.43
B2 2.23 2.32 2.21 +~ 1.56 1.33 1.89 2.35 2,75 2.08
Bg 2.59 2.50 2.52 1.28 1.52 2.07 2.50 2.80  2.22
By 2.99 2.87 2.47 1.38 1.682 2.19 2.70 3.19 2.42
Bg 2.81 2.81 2.44 1.25 1.57 2.26 2.61 2.87 2.33
Mean 2.41 2.42 2.22 1.34 1.38 1.95 2.36 2.70
Culture period
2 1.862 1.860 1.46 0.84 CD B 0.11 BxD = 0.22
4 2.22 2.24 2.07 1.26 D 0.10 BxP = 0.07
6 - 2.88 2.73 2.48 1.52 P 0.03 DxP = 0.08
8 3.10 3.12 2.85 1.72 BxDxP = 0.14
Significant at 5 per cent level
Bl - Vegetative shoot Bz - Day of flower opening
B3 - Two days after'flower opening B4 - Four days after flower opening

B5 - Six days after flower opening

9.1
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evident that 20 Gy gamma rays had a stimulatory effect on
growth of mainshoot (2.42 cm) which was significantliy

superior and on par with control (2.41 cm)
ii) Side shoot

The analysis of the data;}able 490n growth rate of
the side shoots recorded at two weeks interval revealed
significant interaction between bud stages and gamma rays at

different stagea of growth.

Two weeks after culture, the growth of side shoot
was significantly superior in B5 bud stage of untreated group
(1.32 cm) where as in four weeks after culture, both control
and 20 Gy treated population of B4 and Bg bud siages were
significaﬂt{y superior and on par, compared to other
treatments. At the sixth week, B bud stage of untreated
" population alone (2.62 cm) was found to be significant,
'howeveg the eight weeks growth of side shoot in the B4(3.10)
and B5 (3f06) bud stages of untreated population were found
to be superior and on par with each other. Growth of side
shoot recorded maximum value in B3 bud stage at eight weeks
after culture (2.67cm) which was sighificantly superior to

i

other bud stages.

N
v

. Of
-”-Compariso_nAthe effect of gamma rays on growth of

gide shoot at different periods indicated the maximum growth



Table 43,

Interaction effect between bud stages and gamma rays on
growth at two weeks interval (cv. Folklore)

Bud stages Gamma rays (Gy) Culture period (weeks) Mean
(B) 0 20 ‘30 40 2 4 6 8
Bl 1.38 1.47 1.36 0.93 0.77 i.16 1.48 1.74 1.29
BZ 1.64 1.89 1.68 1.07 0.82 1.40 1.73 2.14 1.52
BB 1.87 1.95 1.56 1.08 0.88 1.43 1.80 2.87 1.61
B4 2.04 1.93 1.46 0.81 0.84 1.40 1.77 2.22 1.57
B5 2.26 1.95 1.79 0.76 0.93 1.49 1.93 2.40 1.89
Mean 1.84 1.80 1.57 0.93 0.84 1.37 1.76 2.15
Culture pericd
(weeks)
2 0.98 0.92 0.90 0.57 CDh B 0.09 BxD 0.20

D 0.09 BxP 0.10
4 1.65 1.62 1.42 0.81 P 0.04 DxP 0,08
6 2.10 2.07 1.78 i.10
8 2.82 2.58 2.16 1.24

Significant at 5 per cent level

B1 - Vegetative shoot

By — Two days after flower opening

B2 —~ Day of flower opening

B4 — Four days after flower opening

BLT
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in eight weeks after culture in untreated population (2.6?&m)
followed by in 20 Gy treatment (2.58 cm). These were

significantly superior to other treatments.

»

Significant differences were observed with regard
to the main effect of bud stages. B5 bud stage (1.69 cm) was
gignificantly superior to other bud stages. The main effect
of gamma rays revealed signifiaant difference in maximum
length of side shoot (1.84 cm) which was on par with 20 Gy
treated population (1.80 cm). Significant reduction in shoot

length was recorded at higher doses of gamma rays.

iii) Leaf production

Statistical analysis of the data @able 4q)on the
number of leaves produced in the nmultiple shoota at two ﬁeeks
interval indicated significant interaction between bud stages

and gamma rays.

The observations recorded two weeeks after culture
showed significant difference in seven treatments. The
maximuem number of leaves were produced in B4 stage at 20 Gy
treatment (5.8) followed by By bud stage (5.6), control
population of Bg bud stage (5.8), By bud stage (5.6) Bg bud
stage (5.4) and finally B5 bud stege of 20 Gy treated
population (5.,2), which were significantly superior and on

par with each other.



Table 44. Interaction effect between bud stages and gamma rays on
: leaf production at two weeks interval

(cv. Folklore)

stages 0 20 30 40
(B)

B, 6.70  7.10  6.60 3.65
B, 8.55  6.40  6.60 4.45
By 8.60  8.55  T.45 3.95
B, 8.95  8.90  8.15 4.25
Bg 8.75  8.70  7.30 3.75
Mean 8.31  7.93  7.22 4.01

Culture period (weeks)

2 5.16 5.00 4.12 2.52
4 7.88 7.56 7.08 3.96
6 9.64 9.28 5.12

8 10.56 9.88 9.28 5.12

.90

.55

.80

.35

.20

6.30
6.95

T7.25

.50
.45

0
0

= 0.17
D

7.50

8.15

8.65

.30
.90
.55
.95

.71

1.00
0.38

0.34

6.50

7.41

08T

Significant at 5 per cent level
B1 Vegetative shoot 32
B3 Two days after flower opening B4

Bg Six days after flower opening

Day

of flower opening

Four days after flower

opening
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Four weeks after culture, the treatments viz., 20 Gy
treated population of B, (8.8), B, (8.6) and By (8.4) bud
stages were significantly superior and on par. Six weeks
after culture, the 20- Gy treated population of B4 and B5 bud
stages (10.2)4c0ntrol population of By (10.2) and Bg (10.0)
bud stages, 20 Gy treated population of B; bud stage, control
population of B, and By bud stages (9.8) and 30 Gy treated
population of B, bud stage (9.8) were gignificantly superior

and on par with each other.

Comparison of the means for interaction between bud
stages and gamma rays revealed that in the control group all
the stages of bud except B; bud stage, in 20 Gy treated
population except Bl and Bz bud stages and in 30 Gy treated
'population B4 bud stage were significantly superior and on
par with each other for leaf production. Significant
difference in leaf production was observed in B4 bud stage

(10.56) of control group in eight weeks after culture.

The main effect of bud staées on leaf production
indicated that the bud stageq By (7.58), Bg (7.14) and Bg
(7.13) were significantly superior and on par with each
other. The dose effect of gamma rays clearly indicated a
reducing trend in leaf production. The control population
recorded 8.31 and it was on par with value of 7.93 in 20 Gy

treatment.
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At higher doses of 30 Gy and 40 Gy, & progressive
decline in rooting was observed. Gamma rays at 40 Gy reduced
the rooting percentage to as low as 20 per cent at Bl' bud

¢

stage and it was 40 per cent in B5 and 60 per cent in Bz. B3

and 66 per cent in B4 bud stages respectively.

4.3.1.10. Percentage of culture induced rooting.

The variations induced on rooting percentage by
gamma rays are presented in table 45. Among the diiferent
treatments,th? rooting percentage varied between 20 and 83.33
per cent. There was no statistical difference in rooting
percentage in 20 Gy treatment and control except in B3 bud
stage. At Ba bud stage, the 20 Gy treated population had a

higher rooting percentage than the control.

4.3.1.11. Days to induction of rooting.

The effect of gamma rays on days to rooting of
cultured shoots 1s. detailed in table 46. Statistical
analysis of data revealed qignificant differences for
interaction betwéen bud stages and gamma rays. The main
effects of bud stages and gamma rays also showed significant
diffefences. Early root induction observed at B; bud stage

was significant and on par with By and Bjg bud stages.



Table 45. Effect of gamma rays on rooting percentage of
cultured shoots (cv. Folklore)

Bud Gamma rays (Gy)
stages =~ ---——mrr———-—-—---— """\
(B) 0(Dgy) 20(Dy) 30(Dy) 40(Dy)
B, 66.687 66.67 50.00 20.00
B, 75.00 75.00 66.67 60.00
B3 : 75.00 83.33 75.00 60.00
By 83.33 . 83.33 66.67 66.00
Bg 83.33 83.33 75.00 40.00
By - Vegetative shoot B2‘— Day of flower opening
B3 - Two days after flower opening B4 —~ Four days after flower opening

B5 — Six days after flower opening

£81
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Table 46. Effect of gamma rays on days to initiate rooting of cultured shoots

(cv. Folklore)

Bud Gamma rays (Gy)
stage = 2  —mmmmmmmmmm e e oSS S S e e e Mean
(B) 0(Dg) 20(Dy) 30(Dy) 40(D3y)
By 15.50 15.00 18.83 28.00 15.83
By 13.44 13.00 16.00 31.00 18.36
Bg 10.78 13.20 15.78 28.00 16.94
By 10.860 11.00 13.63 32.00 16.81
Bg 10.50 10.40 16.78 33.00 17.860

dean  1z.1e 1252 1e.20  so.e0
‘F' value °‘B'= 9.71% D = 240.10% BxD =3.93"
* Significant at 5 per cent level

B1 - Vegetative shoot By, - Day of flower opening

Bs ~ Two days after flower opening B4 - Four days after flower opening

B5 - Six days after flower opening
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Untreated population induced rooting significantly
early and on par with 20 Gy treatment. The best dose for
early induction of rooting was 20 Gy at B5 bud stage. Root
induction was noticed in By, Bz and Bj bud stages at 20 Gy
gamma irradift?ion. The higher doses of gemma rays delayed
rooting upto 33 days in B5 bud stage and 32 days at B4 bud

stage.

4.3.1.12. Number of roots per shoot.

The data on the number of shoots per culture
presented in table 47 revealed that the difference in
treatment means for dose, bud stages and their interactions
were significant. The number of roots per shoot ranged from
2.5 to 7.44. The maximum roots were recorded in untreated
“buds at B3 bud stage. The root number was enhanced in 20 Gy
'gamma radiation at B2 and B5 bud stages. Exposure to the
sbuds at 40 Gy reduced root number irrespective of stages of

bud.

Comparison of bud stages revealed significant
difference in number of rocots produced at B3 bud stage which
was on par with B4, B5 and Bz bud stages. Analysis of effect
of gamma rays indicated that there was a progressive decline
in number of roots with increasing doses of gamma rays.
Significantly high number of roots was produced in control

and was con par with 20 Gy treatment.
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Table 47. Effect of gamma rays on number of rdotS'per shoot
(cv. Folklore)

ma T T emma ravs Gy
stage @ 2  ——m——mmm——mmmm s s m s e s Mean
(B) 0(Dqy) 20(Dy? 30(Dy) 40(Dg)
By 5.25 3.50 5.17 3.00 4.23
B, 5.89 6.33 4.78 3.00 4.90
B4 7.44 6.70 4,89 2.87 5.43
B4 6.40 5.70 4.50 3.33 . 4.88
Bg | 6.30 6.40 4.44 2 50. 4.91
ean T TTTeze  sas Tdes 20
‘F' value ‘B'= 4,03% D = 25.25% BxD =2.41" s
* Significant at 5 per cent level >
By - Vegetative shoot By - Day of flower opening
By - Two days after flower opening B4 — Four days after flower opening

B - Six days after flower opening
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4.3.1.13. Length of the longest root

The data on the length 6fhdongest roots are
presented in table 48. The statistical analysis of data
indicated that there was no significant difference in the
interaction between bud stages and the gamma rays with
respect to the root length. The main effects of bud stages
and gamma rays were found to be significant.
Among the different bud aﬁages, the root lengtp ranged from
1.62 to 1.97 cm. The best bud stage to producékfongest roots
was found to be B2 bud stage which was significantly superior

and on par with B4 and Bl bud stages.

In the different doses of gamma ray treatment, the
root length ranged from 1.24 to 2.09 cm, Maximum root length
was recorded in the untreated plants (2.09 cm) which was on
par with the root length of 20 and 30 Gy treated materials,
At the highest dose of 40 Gg significant reduction in root

length was'noticed.

4.3.2. Irradiation of mircoshoots (Multiple shoot)

The effect of gamma irradisation of multiple shoots
on percentage of survival, mnmultiple shoot induction and
morphological variations on subculturing after irradiation

are given in table 49,



Table 48. Effect of gamma rays on the length of root

(cv. Folklore)

S . L e e S S —— T T Y . N S o — o o oy ey o SR e Y . . o g R S W S T T S ) R S S T e B Yok Y e S Y S T i S —— — —— T T f— ———— —— T——

Bud Gamma rays (Gy)

stage @ ~ @ ————mm—m—mmmmm e e Mean
(B> 0(Dy? 20(D, 30(Dy) 40(Dg)

B1 2.26 2.24 1.83 0.80 1.78
B2 2.09 2.09 2.04 1.67 1.87
B3 2.08 2.05 1.58 1.10 1.70
B4 2.02 1.92 1.74 1.47 1.79
B5 1.98 1.73 1.60 1.15 1.62
Mean 2.09 2.01 1.76 1.24

‘F' value 'B'= 3.21¥ D = 19.61%
¥ Significant at 5 per cent level

B; - Vegetative shoot

B3 - Two days after flower opening

B5 - S8ix days after flower opening

Bz - Day of flower opening

B4 — Four days after flower opening



Table 49. Effect of gamma irradiation of multiple shoots on survival
induction of multiple shoot and morphological abnormalities
on subculturing (cv. Folklore)

Gamma  Number Survival (Four Cultures with Morphological
S1. Ray of weeks after culture Multiple shoots abnormalities
No.  (Gy) cultures

Number Percentage Number Percentage Number Percentage

1 00 15 15 100.00 15 100.00 0 00.00
2 10 24 23 95.83 22 91.67 4 17.39 %
3 20 22 19 o 86.36 13 59.08 6 31.59
4 30 26 16 61.53 é 30.77 7 43,75

5 40 28 - 11 39.29 5 17.86 5 45.45
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The survival rate of treated muitiple shoots on
subculturing ranged from 39.29 to 100 per cent. The control
population recorded cent per cent survival where _ns’ the
higher doses of gamma rays reduced the survival rate and the
highest dose of 40 Gy recorded the lowest survival rate of

39.29 per cent.

The same trend was noticed regarding the multiple
shoot also. The percentage of cultures inducing multiple
shoots ranged from 17.868 to cent per cent. The lowest being
in highest dose of gamma rays and the highest being in the

control.

The percentage of cultures : having morphelogical
abnormalities ranged from 17.38 to 45.45 per cent. The
untreated plants had no morphological abnormalities. The
highest percéntage was recorded in the highest dose of gdamma
ray. At the highest dose of gamma rays, multiple shoots were
produced with narrow leaves (plate 37), deformed striated
leaves (plate 38) deformed leaves with prominant striations,
(plate 39) deformed leaves with foliar petiole (plate 40) and

deformed leaves with chlorophyll deficiency.

The influence of gamma irradiation on microshoots
in terms of days to multiple shoot induction, number of
shoots per culture in three subsequent stages of subculturing

are presented in table 50,

3
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Effect of Gamma irradiation on
multiple shoots (cv. Folklore)

Foliar deformities

PLATE 37

Narrow leaves

PLATE 38

Deformed striated leaves
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PLATE 39

Deformed leaves with prominant striations

PLATE 40

Deformed leaves with foliar petiole
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PLATE 41

Deformed leaves with chlorophyll deficiency

PLATE 42

Plantlet showing altered pigmentation on leaf

1. Mutant 2. Control
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‘Table 50. Effect of gamma rays on days to multiple shoot inductibn and number
of shoots per culture on subculturing (cv. Folklore)

Y
Days to Shoots)subcultures
S1. Dose initiate e e e
No. (Gy> multiple Subculture Subculture Subculture
shoots 1 2 3
1 00 27.0 5.0 5.4 5.2
2 10 26.6 5.4 5.8 5.6
3 20 . 29.0 3.2 3.0 2.0
f—
o
4 30 35.2 2.4 1.8 1.4 4
5 40 44.6 ' 1.6, 1.4 1.0
CD 3.30 1.33 1.82 1.5

Number of cultures per treatment 5§

Significant at 5 per cent level



Significant differences were found between the
treafments with respect to the days to initiate multiple
shoota. The early induction of multiple shoot (26.6 days)
was recqrded in the 20 Gy gamma treatment which was on par
with the control and significantly superior to other

treatments.

At each stage of subculturing,the number of shoot
per culture recorded sigrnificant difference in respect of
different doses of gamma rays. In the first subculture
treatment of 10 Gg:kighest number of 5.4 shoots/culture was
recorded which was followed by control. These two treatments

were on par and significantly superior to higher doses of

Samma rays.

The same trend was ‘observed in both the second and
third subcultures. 10 Gy irradiation produced the maximum

number of shoots per culture.

Gamma rays induced variation in the rooting
efficiency of microshoots. The results are presented in

Table 51.

The rooting behaviour was analysed in terms of days
to root initiation, number of roots produced per shoot and

length of the longest root.
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Table 51. Effect of gamma irradiation of multiple shoot on rooting efficiency
(ov. Folklore)

S1. Gamma ray Days to Number of Length of
No. (Gy) initiate roots per longest
roots shoot ' root (cm)
1 00 10.2 B.2 3.20
2 ’ 10 9.4 7.2 3.14
\ bt
3 20 9.6 6.2 4,50 D
-
4 30 11.86 6.0 3.18
5 40 i4.2 3.0 2.02
CD 1.59 2.99 0.71

Siénificant at 5 per cent level
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Significant differenceswere observed between
treatments with respect to the number of days taken for
initiation of roots. The 10 Gy gamma irradiation treatment
recordedféarliest initiation df roots, followed by 20 Gy

treatment and control. They were on par and were

significantly superior.

The . number of roots per shoot showed significant
difference and ranged from 3.0to 8.2. Lowest number of '3’
was observed in 40 Gy treatment and was significantly

inferior to all other treatments.

Analysis on growth rate of irradiated microshoots

are presented in table 52.

Statistical analysis of the data revealed
gignificant interaction between dose of gamma rays and
"growth at diffetent stages. The growth rate at two weeks
after culture ranged from 1.04 to 1.94 cm. The growth rate
was significantly reduced at higher doses of gamma ray
exposure. Maximum growth rate was observed in control group
(1.94) which was significantly superior and on par with lower

doses of treatment 10 Gy (1.90) and 20 Gy (1.74).

Significant differences were observed under the
diferent doses of gamma ray treatmegfs for growth at four

weeks after culture. It ranged from 1.680 to 2.58 (cm). The
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Table 52. Growth analysis of irradiated micro shoots at two weeks intervals
(cv. Folklore)

Gamma Shoot length (cm) after culture
Sl rays eSS m e T Mean
No (Gy) 2 weeks 4 weeks 6 weeks 8 weeks
1 00 1.94 2.44 3.22 4.14 2.94
2 10 1.90 2.58 3.22 4.22 3.00
3 20 1.74 2.40 2.78 3.52 2.61
4 30 1.52 2.06 2.82 3.24 2.41
5 40 1.04 1.60 2.08 2.68 1.85
Mean 1.63 2.22 2.84 3.56
CD D=0.24 P=0.12 PxD=0.27

Significant at 5 per cent level
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highest shoot growth (2.58 cm) was recorded at the lowest
dose of - gamma rays (10 Gy) followed by control and 20 Gy
exposure. Three treatments were on par and significantly

superior to higher doses.

Six weeks after culture, the shoot length was
uniform (3.22 cm) in both control and 10 Gy population.
Those two treatments were significantly superior to other

treatments. A reduction in shoot length was observed at the

highest dose.

The samé trend was observed eight weeks after
culture. Highest shoot length (4.22 cm) was noticed in
control followed by 10 Gy (4.14 cm) treatment. These two
treatments were on par and significantly superior to other
treatments., Significant differences in growth rate were

recorded between 20, 30 and 40 Gy exposures.



DISCUSSION



5. DISCUSSION

5.1. INDUCED MUTATION ADOPTING IN VIVO CULTURE

RosesiTéss amenable to conventional breeding
methods due to'high heterozygdosity and complex genetic
conetitution. Henée induced mutation assumes special
gignificance in the improvement of rose as in other
seed/vegetatively propagated plants. Besides in an
ornamental crop'like rose any change that gives a novel
flower colour or form is more acceptable to growers. As in
ma jority of ornamental crops mutations of fnterest. once
recovered can be maintained by means of vegetative

propagation in this crop.

5.1.1. Time taken for bud take

One of the direct effects of gamma rays was
inhibition of sprouting of buds. Irrespective of bud stages
and cultivars, irradiated budé took longer period to sprout
compared to the contrel. Lowest dose of 20 Gy did not have
much effect on inhibitioh of sprouting. Irradiation at 20 Gy
had a stimulatory effect on early sprouting in two of the
cultivars viz., ‘Suraga’ and 'Folklore’ tested in the
present investigation. commenced from the second fortnight in

‘Suraga’ and ‘'Folklore’ at all the doses of exposures while



in cv. Alliance at. 50 Gy irradiation sprouting initiated
third fortnight. Time taken for the bud take was dependent
upon the dose of gamma fays. The radiation not only
inhibited sprouting but also delayed-the attainment of
maximum sprouting. In 'Folklore’ irradiation at 50 Gy in Bz
bud stage attained the maximum sprouting on 10th fortnight,
but in Bl and B3 bud stages, the maxXximum sSprouting was
attained on 7th and 8th fortnight respectively. At 50 Gy
level, irrespective of bud stages and cultivars, bud take was

delayed.

The delay in sprouting of buds following gamma
irradiation had been reported in rose by several workers
including Gupta and Shukla 1970; Kaicker and Swarup, 1972;

" Lata, 1980; Gupta ef al., 1982 and Datta, 1986 a.

The sprouting of buds largely depends on the union
of stock and scion tissue. The effective union is determined
by the cambial activity of stock and scion. Snow (1933)
demonstrated that indole acetic acid (IAA) was very effective
in stimulating the meristematic .activity of cambium. Auxins
which are important for the meristematic activiity of cells
show a reduced concentration immediately after irradiation
(Skoog, 1935; Gordon, 1954 and 1957). Radiations are known
to hamper the auxin synthesis and may even lead to its

complete destruction (Skoog, 1935; Smith and Kersten, 1942;
%:
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Sparrow et al., 1952; Gordon, 1954, 1956,1957). Icnising
radiations also ihhibit cell division due to chromosome
damage (Sparrow et al., 1952 and 1961). The delayed
gsprouting obtained in this study may be due to either
destruction of auxins or chrompsomal aberrations induced by

gamma rays or both.

Two cultivars showed higher percentage of sprouting
. compared to control in the seqond fortnight particularly in
Bl and Ba bud stages-by 20 Gy exposure. Lower doses of
radiation might have produced certain chemical substances
which are comparable to certain physiologically active
substances as reported by Sax, 1955 and Gordon, 19586. The
stimulatory effect observed in this study may be due to the
activity of these substances which are released as a result
of gamma irradiation. The physiclogical activity of the bud
stages also might have influenced the stimulatory effect, as
it was observed in B; and Bgq bud stages of both the
cultivars. Gupta and Shukia (18970) also reported the

stimulatory effect in aprouting at lower doses of gamma rays.

5.1.2. Sprouting

Varietal response tc sprouting was evident due to
the significant differences observed among cultivars. The bua
stages had no recognisgable role to play either with cuitivars

or with gamma rays, since there was no asignificant
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interaction between them. Significant reduction in sprouting
may be caused by irradiation irrespective of cultivars and
bud stages. Drastic reduction in sproutihg at Highest dose of
50 Gy was observed in the present investigation as reported
by several workers, Gupta and Shukla, 1970; Kaicker and
Swarup, 1872; Gupta and Datta, 1982; Gupta et al., 1982 and

Datta, 1985, 1986 a, 1987, 1988.

There was no significant interaction among
cultivars and doses of gamma rays which indicated similar
response of cultivars towards different doses of gamma rays,
Increased bud break also was observed at 20 Gy treatment in
some of the bud stages of all the three cultivars. The bud
stages did not have any uniformity in the response. The
direct effect of gamma rays on hﬁqﬁing gprouting of buds

clearly indicated in the present investigation.

5.1.3. Survival

There was significant reduction in survival of
plants at higher doses of gamma rays (30, 40 & 50 Gy) B
months after budding. Percentage of survived plants
decreased with increasing dose of gamma rays. Bud stages had
no significant interaction either with cultivars or with
gamma ray exposures in determining the survival of the

plants. Mortality of irradiated buds may occur before
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sprouting or at later stages of growth. Reduction in
survival after irradiation has been repofted in rose
cultivars by Gupta and Datta, 1982; Gupta et al., 1982; Guo
et al., 1983, Datta, 1985 and Mathew, 1889. It was also
reported that the reduction in survival rate may be
attributed to the change in auxin concentratibn and
chromosomal aberrations caused by Gamme irradiation (Gordon,

19567; Sparrow, 1961)

5.1.4. Effective dose (EDSO)

v

The effective dose of gamma rays for getting 50 per
cent survival of plants six months after budding was
estimated as 38 Gy. LD50 for wvarious rose cvs. had been
reported as 10 to 15 Gy (Heslot, 1964) 50 to 60 Gy (Gupta,
1966) 35.2 to 42.5 (Mathew, 1989). This shows the varietal

sensitivity of rose cultivars to different gamma ray '

exposures.
5.1.5. Effect of gamma ray. exposures on morphological
characters
The gamma irradiation was found to have pronounced
effect on the morphological characters of rose. The

variations induced varied depending on cultivar,
physiological stage of bud, dose rate and radio sensitivity.
The effect of radiation was manifested in the form of

inhibition, stimulation or morphological abnormalities.



203

The inhibition in growth was expressed in the form
of reduction in plant height, number of branches, number of
leaves and prickle density. The physiological activity of
buds treated also showed interaction with cultivars for the
variations showed in plant height, and number of branches.
Reduction in plant height due to gamma irradiation had been
reported by many workers {(Gupta and Shukla, 1970; Kaicker
and Swarup, 1972, 1978; Lata, 1980: Gupta and Datta, 1982;

Gupta et al., 1882; Datta, 1986, 1987 and 1988; Mathew,

1989).

The increase in plant height observed in c¢v.
Suraga in BI bud stage (on the day of flower opening)
bud stage and cv. Folklore in By and B, (three days after
flower opening) bud stages at 20 Gy gamma irradiation may be
due to the stimulatory effect of the radiation at specific
physiclogical stage of the bhuds. This sort of stimulatory
effect was also observed with respect to number of branches,
nunber of leaves and prickle density at 20 Gy. At higher
doses of 30 and 40 Gg there was significant reduction in the

number of primary branches and plant height.

There was gignificent difference among cultivars
for prickle density also. Gamma ray affected reduction in
prickle density was confined to the highest dose of 40 Gy in
cv. 'Suraga’ and ‘Folklore'. But in"Alliance'. it was

observed only in B2 bud stage. This indicaeted the influence
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of bud stage and gamma rays on the expression of this

character.

The gamma irradiation at 30 and 40 Gy reduced the
number of leaves pfoduced in all £he three cultivars; The
sensitivitf of the cultivars to gamma rays was significant.
.Bud stages as such did not contribute to the variations. But
the bud stages in combination.with different doses of gamma

rays had significant influence.

The reduction in growth after irradiation has been
considered due to chromosome damage and mitotic inhibition
(Gray, 1956). Reduction in growth rate can be explained as
differential killing of meristematic cells resulting in
reduction in cell multiplication. Growth inhibition was
reported to be not only due tb radiation effects on mitosis
but also due to induced physiological changes (Sparrow, 1851
and Quastler et al, 1952),. Auxin destruction (Skoog, 1935)
or inhibition of auxin synthesis also leads to reduced growth

(Gordon, 1957).
5.1.6. Abnormalities in leaves

Radiation induced various types of morphological
abnormalities of varied types were more frequent during the
early growth period. Such abnormalities in leaves had also

been reported in rose by various other workers including



207

Kaicker and Swarup, 1872; Desai and Abraham, 1978 and Datta;
1982, The abnormalities are reported to be mainly due to the
effect of radiation on cell division and auxins (Gordon,
1957).

Abnormalitites in leaves were observed in all the
cultivars at 40 Gy. The induced abnormalities included
leaves with smaller and narrow leaflets (Suraga, plate 6) and
fused leaflets (Suraga, plate 6 and Alliance, plate 5).
Unequal development of lamina (Alliance, plate 5) were
observed in some plants at lower frequency. Chlorophyll

deficiency was also observed in some leaves of cv. Alliance,

plate 4, -
5.1.7. Days to flowering

The variability among cultivars and physioclogical
stages of the buds had significant influence on the days
taken for flowering. Irrespective of these two factors gamma
irradiation in higher doses delayed flowering.Delayed
flowering as a result of radiation had been reported by
Nishida et al. (1987) and Kaicker and Swarup (1972). The
delay in flowering may be due to the delayed sprouting and

inhibition of growth during the early period.
5.1.8. Flowers per plant

There was significant variation in the flower

production capacity which was contributed by the differences
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in varieties and various exposures of gamma rays. Higher
doses of gamma rays, 30 and 40 Gy, significantly reduced the
" flower production. Maximum flower production was recorded at
the lowest dose (20 Gy) followed by the control. The
stimulatory effect at lower doses had also been reported in
roses by many workers includiné Gupta and Shukla, 1970;

Irulappan and Rdo, 1981 and Mathew, 1989.

5.1.9. Vvariations in Floral characters

Among the different floral characters studied,
there was no significant interaction between cultivars, bud
stages and gamma rays for neckiength. Neck length showed a
significant reduction at the highest dose of 40 Gy. .There
was significant interaction between cultivars and bud stages
for flower diameter. The bud stages, B, and B,, were
significantly superior to B3 with respected to flower
diameter. The higher doses of gamma rays, 30 and 40 Gy
showed significant reduction. With regard to flower weight,
the interaction between cultivars and gamma rays was
gignificant. Exposures of 30 and 40 Gy significantly reduced
flower weight. The petal weight was not significantly
influenced by the interaction of different factors.
Significant reduction in petal weight was observed at the

highest dose (40 Gy).
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The interaction between cultivars with bud stages
and with- gamma rays and bud stages with gamm{?izre
significant for petal number. Reduction in flower size as a
result of radiation has also been reported in rose by other
workers (Gaul, 1970; Gupta and shukla, 1970; Datta and Gupta,
1982 a, b and Mathew, 1989). However, Irulappan and Rao,
(1981) and Desai and Abraham (1978) reported an increase in
flower size at lower dose of gamma irradiation. In the

present study, petal weight was on par among exposure of 30

and 20 Gy and the control.
5.1.10. Morphological abnormalities

Floral

The type of floral abnormalities observed in this
study include flowers with altered colour and number of
petals. A variant with light pink colour observed in 20 Gy
treated populafion of cv. Alliance (plate 7) was not stable.
Howeveg a stable mutant with light red colour (plate 8) was
detected among 30 Gy treated population of c¢v Folkloere, A
mutant with increased number of petals with reduced size was
obtained from 40 Gy exposed population of the same cultivar
(é%te 10). In both the cases, budwoods were collected on the
day of flower opening. Occurrence of abnormal flowers in
rose following irradiation had been reported by several
workers-(Gﬁpta and Shukla, 1970; Kaicker and Swarup, 1972;

Gupta and Datta, 1982; Gupta et al., 1982 and Mathew, 1989).
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5.2. IN VITRO STUDIES IN ROSE

In vitro culture of higher plants under sterile
conditions has shown spectacular development over the past
three decades resulting in the production cof viable plants of
many species. In addition, éince 1980 there has been an
explosion in the geneti& manipulation and bio-technology.
Earliest report on in vitro propagation of rosé cv. 'Forever
Yours’' was made by Skirvin and Chu (1979 b). Although the
stages involved are the same, response of the cultivars to
the nutrient and hormone components of the mediﬁm varies. In
vitro culture coupled with induced mutagenesis is a novel
approach-for the pﬂﬂuction qf desirable mutants. In the
present investigations, carried out in the Collége of
Agriculture, Vellayani, during 1988-93 attempts were made to
standardise the in vitro culture methods viz., enhanced
release of axillary buds, somatic organogenésis and somatic
embryogenesis for rose cv. 'folklore’. The most viable
system was lidentified as enhanced release of axillary buds,
and was used for induced mutagenesis. The results of the

investigation are discussed in the following pages.
5§.2.1. Standardisation of explants

The concentration as well as duration of treatment
of the sterilant were highly dependent on the microbial

status and sensitivity of the explant to the sterilant.
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Mercuric chloridé 0.1 per cent resulted in browning
and high rate of the- 133502., probably due to the toxicity
of the sterilant ab higher concentration., Rout et al. (1989
a, 1991) could successfully disinfect axillary bud, leaves
and internode explants of rose ev. Landora with mercuric
.chloride 0.1 per cent for 25 minutés. This may probabl%fghe
to the varietal sensitivity to the sterilant. Howevej the
surface sterilization of explants with ethanol (25 per cent)
for 25 seconds followed by mercuric chloride (0.1 per cent)

for 2 minutes, resulted in 90 per cent contamination free

cultures (Bhat, 1992).

Among the different sizes of shoot tip and axillary
bud explants tried for enhanced release of axillary buda,l.O
cm length was found suitable to atiain the highest response
of 50 and 83 per cent respectively. The size of explants
used were different by different workers. Shoot tips of 0.5
to 1.0 om (Hasegawa, 1979) 1.5 to 2.5 (Khosh khui and Sink,
1982 ¢) and 1.0 to 1.5 cm (Podwysznka and Hempel, 1988) were
used for initial culture establishment. Monaco et al. (1977)
observed difficulty in the survival of explants when the
explant size was gmall and cut surface : volume ratio is

high.

For callus induction, internodal segments of 0.5 cn
had the best response of 75 per cent and leaf discs of 1.0

cm, with petiole portion intact, produced cent per cent
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callus induction. ., Rout et al. (1891) used internodal

segments of 0.3 to 0.5cm and leaf discs of 0.5 x 1.0 cm 8size.

The physiological stage of the axillary bud
explants was found to have a significant role in the initial
culfure establishment in terms of days to bud break,
percentage of bud break and length of shoot three weeks after
culture. When explants of shoots were taken four days after
flower opening early bud break (4.44 days}, the highest
percentage bud break (80) and longest shoots (1.95 cm)
resulted. Explants of vegetative shoot when used resulted in
delayed bud break (8.93 days), reduced percentage of bua
break (70) and reduced length of shoot (0.80cm). This may be
because the buds below the apex that are suppressed due to
apical dominance, get stimulated with the harveat of flower,
and attain the maximum physiological activity by fourth day.
The influénce of the position of buds on the in vitro
response was also reported by Bressan et al. (1982).
However, Meredos and Rodriguez (1987) reported early shoot
growth in buds excised from vegetative shoots and shoots of

flower bud stage.

5.2;2. Standardj:}ation of medium for initial culture

esablishment -

After standardising the surface sterilization

procedures for obtaining a reasonably low percentage of



contamination rates and identifying optimum size and
physiological stage of the axillary explants, efforta were

made to standardise the culture medium.

Four main stages have been identified for the In
vitro propagation of rose, namely culture establishment,
multiplication of cultures, in vitro rooting and hardening
and ex vitro establishment.

Although in a number of plants it was established
that cytokinin can induce shoot formationfauxin(;éot'
formation)the mechanism of action of these two regulators at
molecular level is completely unknown. The favourable
effects of cytokinin in axillary bud breaking and multiple
shoot production had been demonstrated by Murashige (1974).
But at higher levels of c¢ytokinin were proved to have
deleterious effect on shoot growth. Adxins added to the
medium help to' nullify the suppressive effects of high

cytokinin concentration (Lundergan and Janick,'IQBO).

Although shoots grown in viitro are capable of
synthésising a small quantity of cytokinin, roots are the
pfincipal site of cytokinin biosynthesis (Koda and QOkazawa,
1980). it is unlikely that shoot tip and axillary buds have
sufficient endogenous cytokinin to support growth and

development.
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In the case of auxins,when large shoot tip explants
of actively growing plants are used,exogenous auxins are not
required in the initial establishment phase (Kusey el al.,
1980: Lundergen and Janick, 1980; Lane, 1878). Howeyer when
explants of inactive stage or meristems of 0.4 cm or lessg are
used exogenous auxin need to be supplied to the medium (Ziv,

1979; Evans, 1981; Jones et al., 1977).

Four levels of cytokinin, BAP (1.0, 1.5, 2.0, 2.5
mg/l) were tried in combination with four levels of auxins
(2, 4-D or NAA 0.25, 0.50, 0.75, 1.00 mg/l) on MS basal
medium for initial culiure establishment. Among the different
hormeone supplements, the best treatment identified was MS
basal medium supplemented with BAP 2.5 mg/]l + 2, 4-D 0.5
mg/1. This combination was most suitable to induce early bud
break in four days and had ﬁighest percentage of bud break
(80). At lowest concentragion of BAP (1.0 mg/1) and 2, 4-D
(0.25 mg/1), the days to bud break drastically increased upto
10 days. The bud break percentage (40) was also not
encouraging. Early bud break was.observed with increasing

concentration of both BAP and 2, 4-D. However, in the highest

I3 o

concentration of 2,4-D along with-highest concentration of

BAP 2.5 mg/l bud break was delayed (5.0) and bud break

percentage was also reduced to 860 per cent.

The stimulatory effect of 2, 4-D and cytokinin had

been reported in other crop species also viz., Dactyvlics
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glomerata and Festuca spp. (Dale, 1977 blmﬂLolium
multiflorium (Dale, 1977 a). The most potent auxin

was 2, 4-D, which stimulates callus induction but at the
same time strongly antagonised organised development. In the
present study alsb,basal callusing was observed at lower
levels of 2, 4-D. Hill (1967), and Engvild (1978) reported
that higher levels of auxins, particularly 2, 4—D tended to
suppress morbhogenesis. The present results indicated that
at higher level of BAP (2.5 mg/l) increasing the 2,
4-D concentration upto 0.5 mg/l had a favourable effect on

initial culture establishement.

Among the BAP, NAA combinations BAP 2.0 mg/1l + NAA
0.75 mg/1 could induce early bud break in 4 days but bu%break
percentage was reduced to 60. Considering both its earliness
in bud break and bud break percentage, BAP 2.5 mg/l1 + 2, 4-D

0.5 mg/1 holds good.

The favourable effect of IBA or NAA in combination

with BAP had also been reported in Rosa hybrida (Skirvin and

Chu, (1979 b) and Rose cultivar ‘Joyfulness' (Pittet and

Mancousin, 1982).

Cytokinin (BAP) +tried in combination with
Gibberellin (GA3) did not give any favourable results

compared to auxin cytokinin combin{jﬁions. The best BAP and
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GA3 combination (BAP 2.0 mg/l + GAg 0.5 mg/1) tock 6 days for
bud break. According to- Krishnamoorthy (1981), GAq treatment
enhanced the level of endogenous auxins in the plant, which

might have suppressed the early release of axillary bud.

It can be concluded thet cytokinin had a favourable
effect on axillary bud release, which in combination with
auxin had a stimulatory effect to induce early bud break.
The concentration of cytokinin may vary with respect to the
type and concentration of auxin added to the medium. When
BAP 2.5 mg/1 was supplemented to the medium 0.5 mg/1 was the
optimum concentration of the auxin 2,4-D to get the best
response. When the auxin NAA was used BAﬁ 2.0 mg/1 + NAA
0.75 mg/]l] was found to be most suitable combination to induce

early bud break.
5.2.3. Standdrdisation of medium for shoot proliferation

Cytokinin is utilized to overcome the apical
dominance of shoots and to enhance branching in lateral buds
from leaf axils (Hasegawa, 1880). The effective
concentration of exogencus cytokinin required to reverse
apical dominance varies with the culture systems. BAP
appeared to be the most effective cytokinin for stimulating
shoot pr%%eration. The same results were also reported in
other cultivars of rose by Hasegawa, 1979; Davies, 1980 and

Skirvin and Chu, 1879 a.
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At the highest concentrations of BAP/Kinetin (2.0
mg/l), early multiple shoot induction and higher number of
shoots per culture was observed. Addition of BAP alone

resulted in high proliferation rate in Rosa indica (Avramis,

1982a b). Similar observations were also reported in other
crops viz., Anthurium andreanum (Kunisaki, 1980) Strawberry

(Kartha et al., 1980), Gypsophila paniculata (Kusey et al.,

1980), Golden Delicious épple (Lundergan and Janick, 1980),

Phaseolus vulgaris (Kartha et al., 1981) and Santalum sp

(Barlass et al., 1980).

The addition of GA3, to medium supplemented with
BAP induced early multiple shoot formation particularly in
combination with BAP 2.0 mg/l + GA3 0.75 mg/1l which recorded
81.7 per cent cultures with multiple shoots in 23 days. The
same treatment also produced the maximum number of shoots
(6.2) and elongated shoots per culture (3.60G). This
treatment was on par with kinetin 2.0 mg/l + GAgq 1.0 mg/l,
which induced multiple shoot, in 23.4 days and produced 6.8

shoots and 3.0 elongated shoots per culture.

Cytokinin in combination with GA3 was found to have
pronounced effect on shoot proliferation compared to the
individual application of any one of the cytokinin. When
cytokinin alone was applieq,the number of shoots per culture
was reduced, in comparison to the combined effect. The shoot

length was also reduced (less than 3 cm).
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Rout et al. (1990) observed that the cultivars eand
species showed considerable variation with respect to the
growth regulator requirement and rate of multiplication.
Valles and Boxus (1987) obtained enhanced axillary branching
by the addition of GA3 1.0 mg/1. Hasegawa (1980) reported
inhibition of shoot proliferation in rose witﬁ the addition
of GAg at different concentrations. The better results
obtained in the present study indicated an additive or
synérgistic effect of <cytokinin and GA3 on shoot
multiplication, Improved shoot proliferation was also
reported in combination with kinetin and GA; in rose (Barve
et al., 1984). However, Rout et al. (1989 a{rﬂggg hybrida cv.
Landora observed the highest number of shoots per culture in
lower -concentrations of BAP (0.5 mg/1) + GAg (0.25 mg/l%

Cai eof al. (1984) also observed effective shoot proliferation
when a combination of BAP and GAj was used. A combination of
BAP and GAS was also successful in other crops such as Beta

vulgaris, Fragaria virginiana x Fchiloensis, Malus sp, Phlox

x subuiata and raspberry (Atanassov, 1980; James, 1979; Jones

el al., 1877; Sehnabelrauch and Sink, 1879).

Efficient shoot proliferation was reported by
several workers when a combination of BAP and auxins at low
concentration was used (Hasegawa, 1979; Skirvin and Chu, 1979

and Damiano et af., 1987). However, DBhat (1892) reported
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improved shcot production efficiency by the addition of NAA

(0.1 mg/l) in combination with GA4 (0.5 mg/l).

5.2.4. Standardisation of meduium for in vitro rooting

Stage 3 involves de novo regeneration of
adventitious roots from shoots obtained in Stage 2. The role
of auxins on root formation has been demonstrated in a number
of trials, In the present studies,MS basal medium
supplemented with auxins either alone or in combination was.
tried to standardise the most suitable combination for in
vitro rooting., The trial was conducted with MS basal medium
supplemented with either IAA or NAA at four diifferent levels
(0.5, 1.0, 1.5, 2.0 mg/l). Twenty five per cent rooting was
observed in MS basal medium without hormones. However this
resulted in delayed root initiation (3! days) and reduced
number (2.0 to 2.3) and length (0.20 to 0.23) of roots
compared to the medium supplemented with auxins. Hasegdawa
(1980) also observed rooting on MS basal medium without
hormones. Skirvin and Chu (1979 a,b) obtained on half
strength MS medium without . hormones. This may be due to the
presence of sufficient levels of endogenous auxin in the

microshoots.

The auxins IAA /NAA was found to have remarkable

influence on root induction in the present study. Improved



. rooting efficiency was obtained in medium supplemented with
auxins compared to the medium devoid of any auxin
supplements. Among the different levels of TAA, 2.0 mg/l was
found to have the best efficiency in terms of days to
rooting (11.0), percentage of rooting (83.3), number of
roots per shoot (8.2) 'and length of the longest root

(1.46 cm).

Addition of NAA to the basal medium alsc helped in
the Iin vitro rooting of rose micro_shoots particularly at
2.0 mg/l. With this treatment root initiation occured in 15
days with 91.7 per cent rooting'aﬁ average of 6.6 roots per
shoot. The length of the longest root was 1.2 cm. Compared
to NAA, IAA was found to be more efficient for early root
induction, number of roots, and length of root. In many
instances although rooting could be induced on the medium
without hormones, rooting'efficiency increased with the
addition of auxins:(ﬂageéé;a. 1980). . Root induction
on half stréngth HS basal medium supplemented with IAA 2

mg/]l was also reported (Sauver et al., 1985).

The rooting media supplimented with 2, 4—D in
éombination with either NAA or IAA were not favourable in
general for the in vitro rooting of rose microshoots although
the rooting percentage was found to be 100, in one of the

combinations. However, Rout, et al. (1989 a) obtained good



221

rooting on MS medium supplemented with NAA 0.25 mg/1 + 2, 4-D

0.1 mg/1l in Rosa hybrida cv. Landora.

IAA and NAA had an additive/synergistic effect on -
rooting in vitro. The synergism was evident in the root
initiation (8.5 days), rooting percentage (91.7), number of
roote per shoot (11.8) and length of the longest root (2.44
cm), The treatment TIAA 1.0 mg/l + NA 1.0 mg/] was superior'
to those of TAA 2.0 mg/] or NAA 2.0.mg/l. Kosh-Khui and Sink
(1982 c¢) also cbserved an additive effect on 1In vitrb
rooting, using NAA and TAA at most of the concentrations they
tested. Good rooting of rose cv., 'Crimson Glory' was
reported by Barve et al. (1984) using AR Y combiﬁation of

the auxins - IAA, IBA and IPA (each at 0.5 mg/l).

Activated charcoal (AC) added to the culture medium
had a remarkable influence on improving the rooting
efficiency of cultured rose microshoots. Incorporation of AC
500 mg/1 to the basal rooting medium containing TAA and NAA
each at 1.0 mg/l was found to be the best treatment in which
the days for root initiation was reduced to 7.5 days, and the
rooting percentage (91.7) and the number of roots (12) per
shoot were increased. The favourable effect of AC in
rooting had been reported by many workers (Wang and Huang,
1976; Banks and Hackett, 1878). The capacity of AC to adsorb
inhibiting compounds and excessive concentrations of plant

growth hormones and the property to darken the medium which
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mimics the soil conditions are the favourable factors
proposed in favour of +he=faveurshle-effeets=of AC in rooting
(Proskauer and Berman, 1970; Wang and Huang, 18976; Fridborg

et al., 1978).

5.2.5., Acclimatization and ex vitro establishment

The critical part of acclimatization is the initial
step of inducing the formation of fully functional! roots in a
potting mixture, while ensuring that the delicate root system
is protected against desiccation. The main cause of
mortality on transplantation is due to desiccation since the
in vitro cultures are maintained at high relative humidity of
around 100 per cent. A period of humidity acclimatization
was considered necessary for the newly transferred plantlets
to adapt to the outside envirbnment during which the
plantlets undergo morphological and physiological adaptations
ehabling them to develop typical terrestrial plant water
control mechanism (Grout and Aston, 1977; Sutter et al.,

1985).

In the present investigations, high relative
humudity (90 to 100 per cent) was maintained during the
initial period of planting out with the help of polythene
covers large enough to accomodate twenty five potted plants
at a time on a wooden frame, with fine mist spray at an

interval of three hours,. Phased planting out of rooted
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plantiets, at two, three and four weeks interval and trial
with different potting mixtures also did not help the
survival of plantlets after three weeks, The general vigour
and appearance of the plantlets upto three weeks indicated
that, three- to four weeks keeping the cultured shoots in root
inductfén‘medkum Qaégbest for getting better establishment,
and among diffeéent,potting mixtures tried sand and sand:
soilrite (1:15iwére'f0und to be equally effective in

maintaining the plants without desiccation upto three weeks

of planting out.

Addition of inorganic nuﬁrients to the potting
mixture had been reported to be essential for the normal
growth of potted plants (Brown and Sommer, 1982; Amerson et
al., 1885). In the present studies, application of MS salts
in ligquid form at 1/10, 1/2 and full strength, 5 ml each
along with water as control, at an interval of three days
resulted in the production of two fresh leaves in all the
treatments. The application of MS salts at 1/10
concentration resulted in early leaf emergence witﬂ:ﬁn 10.4
days as against 12 days when full strength MS salts was
applied and 11.8 days when water alone was applied. It was
also observed that application of M5 salts at 1/10
concentration recorded increased growth rate of 0.92 cm,
against 0.64- cm when water was applied. However, complete

mortality was observed by fourth week.
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Some of the established aberrant features were
reported as characteristics of in vitro raised plantlets.
Leaves were with poor or no development of cuticular wax on
leaf =surfaces, poor development'of pal isade and pronounced
mesophyl air spaces, (Grout and Aston, 1878; Leshem, 1983;
Donnelly and Vidaver; .1984). Impaired stomatal mechanism
with non—-closure of stomata (Brainerd and Funchigami, 19882;
Capellades et al., 1990; Ghashghaie et al., 1892). In vitro
plantlets had poor photosynthetic ability due to the
availability of sucrose in the medium énd were not said to be
truely photoautotrophic, but mixo or heterotrophic. Poor
organisation of grana in the chloroplasts of in vitro
plantlets along with etiolated effect produced by ethylene in
the culture vessels greatly contributed to their reduced
photosynthetic activity. {Grout and Aston, 19%7; Lee et al.,
1985). Vitrification of shoots to different extent was
associated with poor vascular differentiation both in leaves
and stem, .- Poor vascular connection between root and shoop)
very often, due to intervening callus, and lack of root hair%
in general, were the problems in ex vitro establishment. The
failure of plantlets to establish under ex ?jtro condition
may be due to these aberrant morphological and physiological
characteristics imparted to in vitro plantlets by the

unnatural environment obtained In vitro.
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The favourable effect of mycorrhizae on ex vitro

establishment had been reported by many workers. Glomus

species are reported to be very useful for improving

transplant success of Rubus idaeus and Paxillus involutus
(Pierik, 1987) and jack plantlets (Ramesh, 1890). In the
present studies also,attempts were made to improve transpiant
success using three species of VAM viz., Glomus

fasciculatum, G, constrictum and G. etunicatum.

-
.

Among the three species of Glomus tested,

inoculation of plantlets with G. etunicatum had the highest
survival rate (66.687 per cent). Jt also took the minimum
number of days (105) for flowering. There was no survival at
all among the untreated plantlets. The mycorrhizal
association might have increased the nutrient uptake and
their effective utilization and increased stress tolerance
might have contributed to the successful estaﬁlishment and
survival! of plantlets. Higher photosynthetic efficiency
(Sivaprasad and Rai, 1984) and phytochrome production (Allen
et al., 1980) have been suggested as the beneficial effects

of mycorrhizae in plants.

§.2.6. Somatic Organogenesis/Embryogenesis

As a preliminary step to induce somatic

organogenesis/embryogenesis, callus induction was achieved
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from internodal segments and leaf disc explants. Even _though
callus induction was obtained in all the hdrmone supplemented
media (BA? + NAA + 2, 4-D) the best result of 83.3 per cent
callus induction and'éighest growth score (3.0) and:highest

callus index of 249.90 for leaf disc explants, and 83.3 per

cent callus induction::highest growth score. (2.4) and:highest
callus index of 199.82 }or internodal segments were obtained
in MS basal medium in which inorganic salts reduced to half
gstrength containing BAP 0.5 mg/1, NAA 2:0 mg/l and 2, 4-D 0.5
mg/1. Aﬁrﬂighest level of auxins and cytokinin tested,
callusing was comparatively poor. The callus initiation
started from the cut ends of the internodal segments, In leaf
disc explants it started from the cut ends of thc mid-rib
region in small white globules and gradualiy spread to cover

the entire explant. In one of ke cultures, direct

rhizogenesis from the callus was noticed.

The rate of calluc proliferation and organogénetic
potential of the call: were studied with modified medium
supplements 1ucorporating ascorbic acid in some of the
combinations. Callus proliferation was cent;percent in leaf
cai1lus, 83.3 per cent in internodal callus, agﬁfdwest levels
oif BAP 0.5 mg/l + NAA 0.1 mg/l + ascorbic acid 5 mg/l. The
gsame {reatment also had the highest growth score_and callus
index. In & medium containing ascorbic acid; increased

-

concentration of auxin (NAA) or cytokinin (BAP% callus
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proliferation efficiency of both leaf and internodal callus
was reduced. -Replacement of ascorbic acid with another
quxinr 2, 4-D and increasing the concentration of BAP or NAA
or both did not éive any improved result with respect to

callus proliferation.

In one of the treatment combinations with lowest
level of BAP 0.5 mg/l + 2, 4-D 0.5 ng/l and highest level of
NAA 2.5 mg/l, 33.3 per cent of the leaf and internodal calli
induced rhizogenesis resulting in well developed thick and
fleshy roots. But shoot formation was not obtained in any of

the cultures or in any of the media combinations tested.

Attempts were made by different workers to induce
rose callus and organogenesis (Hill, 1967; Jacobs et al.,
1968; Kireeva et al., 1977; Khosh Khui and Sink, 1982b; Li,
1983; Tweddle. et al., 1984; Lloyd et al., 1988; Gavish et

al.,, 1986; Ziestin et al., 1987; and Rout et al., 1882),

Hill (1967) reported formation of shoot primordia
in long term stem cultures of hybrid Tea rose. The addition
of IBA 1.0 mg/l promoted bud formation in pith callus
cultures (Jacobs et al., 1968). They also observed that
callus growth was dependent on the presence of IAA. The
present results also enlightened the role of NAA on callus
induction and proliferation.Kireeva et al. (1977) observed MS

medium supplemented with 2, 4-D (1.0 to 4.0 mg/1) and kinetin
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(0.05 to 0.10 mg/l) to be the best for optimum callus
formation from petal, leaf, sepal and embryo of a rose
variety ‘Krymskaya Krasnaya'. Khosh Khui and Sink (1982 b)
observed faster callus initiation in the dark than in light.
Improved callus formation and bud differentiation was
achieyed by treatment with phloridzin (Li, 1983). Shoot
formation from callus was alsoc reported by Tweddle et al.,

(1984) and Lloyd et al., (1988). Formation of shoot

primordia, bud differentiation and shoot formation had been
reported, howéveg no reports are aveilable on direct
rhizogenesis from callus cultures as observed in the present

investigation.

Successful case of adventitious shoot bud
differentiation from leaf and internodal calll, and rooting
of regenerated shoots were reported (Rout et al., 1992).
They also developed the protocol for the induction of somatic

'embryogenesis-in callus cultures of Rosa Hybrida cv. Landora

Somatic embryos were initiated on half strength MS basal
medium supplemented with BAP 0.5 mg/l1, NAA 0.01 mg/l and GAg4
0.1 mg/l anq various concentrations of l-proline (200 - 800
mg/1). However, they reported that somatic embryos failed to

develop inpo plantlets.

In the present studies,attempts made to induce
somatic embryogensis were not successful. This may be due to

the fact that wvarietal response of a species to in vitro



culture is never synonymous, since the factors which control

are numerous.

5.3. INDUCED MUTATION ADOPTING IN VITRO CULTURE

5.3.1. Irradiation of budwood

There was a progressive reduction in the percentage
of bud break with 1increasing doses of gamma rays,
irrespective of the physiological stage of the bud.
Radiations are known to hamper the auxin synthesis, leading
to even its complete destruction under in vivo culture as
reported by Sparrow et al. 1952 and Gordon, 1857. Cell
division may also be inhibited after exposure to ionising
radiation on account of chromosome damage and depending -upon
the severity of exposurq,mitotic process may completely stop.

Walther and Sauer (13986 a) réported reduction is survival

rate of explants as a result of X-radiation in rose.

Atxhighest dose of 50 Gy, complete mortality was
recorded three weeks after culture, irrespective of bud
stages. This may be due to the failure of mitotic process as
a result of chromosome damage. The effective dose of gamma
rays for 50 per cent survival of explants was estimated as 33

Gy, where as under In vivo culture, the ED50 was 38 Gy.

The percentage of malformed leaves was maximum

under 40 Gy. Malformation of leaves was absolutely nil in
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control except in Bg bud stage, that too at the lowest level
of 6.24 per cent as against 50 per cent in 40 Gy. Leaf
abnormalities as a consequence of radiation had been reported
in rose by many workers (Kmicker and Swarup, 1972; Desai and
Abraham 1978; gupta and Datta 1982 and Datta, 1986 a)

adopting in vivo culture.

There was gignificant interaction between bud
stages and gamme ray exposures for days to bud break. the
exposure of gamma rays at 30 Gy and 40 Gy significantly
delayed bud break, whereas 20 Gy stimulated bud break except
in B4 bud stage. There was no significant difference between

control and 20 Gy treatment for days to bud break.

When doses of gamma rays were enhanced, percentage
of cultures with multiple shoots was reduced. This may be
due to the inhibition of‘mitotic activity in the meristematic
region. S8Significant interaction between bud stages and gamma
rays was observed for days to multiple shoot induction. The
results clearly indicated delay in multiple shoot induction

with increasing doses of gamma rays.

The shoot production efficiency of cultured shoots
was gignificantly reduced at highest dose of 40 Gy. Walther
and Sauer (1986 a) also reported inhibition in shoot

production following X-irradiation with increasing doses.

They also suggested that radiosensitivity of cultivars can be
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estimated by determining the survival rate of explants,
productivity of axillary buds, and inhibition of shoot

development on the first date of cut off.

The highest percentage of cultures with
morphological variations was recorded at 40 Gy except in B5
bud stage. The induced morphological variations inqlude
shoots with vellowing of leaves, enlarged leafl gfade,

. - .
deformed leaflets and chlorophyll deficient leaves. Walther

and Sauer (1988 b) observed different types of leaf

variations as a result of X-irradiation in rose.

5.3.2. Growth analysis of microshoots

Growth analysis was conducted by recording the
growth of mainshoot, side shoot and number of leaves produced
at two weeks interval upto 8 weeks. The results indicated
gsignificant interaction between bud stage and gamma rays. In
general, gamma irradiation significantly reduced the growth
rate and leaf production efficiency at 30 and 40 Gy
irrespective of the stage of the explants irradiated. The
lowest dose of 20 Gy had minimum effect on retarding growth
and in same cases had a stimulater effect also. inhibition
of mitotic process with increasing doses of gamma rays (Smith
and Kersten 1842) may be tﬁe possible cause for the reduced

growth recorded.
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5.3.3. Effect of .gamma rays on in vitro rooting

The lowest percentage of rooting was observed in
exposure of gamma rays at 40 Gy although it depended upon the
stage of the explant. Buds collected from vegetative shoots
were found to be the maximum affected byhﬂighest dose and
buds of 4 days after flower harvest were the least affected.
Radiation SSn known to hamper auxin synthesis (Sparrow el al.

1952, Gordon 1957).

There was significant interasction between bud
stages and gamma rays for days to root initiation and number
of roots per culture. Gamma irradiation at higher doses of
30 and 40 Gy significantly delayed root initiation at all
stages of buds exposed. The number of roots per culture was
also reduced at higher exposures. Root length also recorded
a significant reduction with increasing exposures. The
reduced rooting efficiency of the gamma ray exposed materials

may be due to inhibition of cell division on account of

chromosome damage.

5.3.4. Irradiation of multiple shoots

Gamma irradiation of multiple shoots drastically
reduced the survival rate at increasing exposures. The same
trend was observed with respect to the percentage of cultures

with multiple shoots. Maximum morphological abnormalities
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were recorded at highest exposure (40 Gy). The types of
abnormalities indﬁced atlﬁighest exposures were shoots with
narrow leaves, striated leaves, deformed leaves with
prominent striations and deformed leaves with chlorophyll
deficiency. Walther and Sauer (1986 a) induced mutants with
double serrated leaf edge, and chlorophyll deficient leaves
by X-irradiation on the basal segments of in vitro derived

microshoots.

The days taken for multiple shoots production was
significantly delayed at 30 and 40 Gy. The shoot production
efficiéncy in the subsequent three stages of sub culture was
significantly reduced at 30 and 40 Gy. Walther and Sauer
(1986 a) also observed reduction in shoot production
efficiency with increasing the X-ray doses. At higher doses
of 30 and 40 Gy, the days to root initiation ﬁas significantly
delayed. The root number was progressively reduced with
increasing the exposure and at the highest dose of 40 Gy the
difference was significant. The root length also had

significant reduction at ﬁighest dose.

The growth rate of irradiated micro shoots showed a
reducing trend except at the lowest dose of 10 Gy. The same
trend was observed at all the four stages of observations at

two weeks intervals.
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6. SUMMARY

Investigations were carried out at the Department
of Agricultural ﬁotany and Tissue Culture Laboratory attached
to the Department of Horticulture, College of Agriculture,
Vellayani during the period from 1989-1893 on "Induced
mutagenesis in rose under in vivo and in vitro culture”. The
main objectives were to study the effect of gamma rays on
morphological attributes in rose, to isolate beneficial
mutants if any, t6 standardise the explant materials and
culture conditions for in vitro establishmgnt of rose and to
study the variations induced by gamma rays under in vitro

culture.

Three rose cvs. of Hybrid Tea group viz., Alliance,
Suraga and Folklore were used for In vivo studies and cv.
Folklore alone was selected for Jin viitro studies. Budwoods
of three maturity stages were exposed to gamma rays at doses
20, 30, 40, 350 and 60 gray. Observations on sprouting,
survival, morphological characters and induced variations on

other characters were made in le generation.

In vitro culture conditions and ex vitro
establishment conditions were standardised for rose cv.
Folklore. Budwoods and multiple shoots were exposed to gamma

rays at different doses to study their in vitro variations.
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One of the direct effects of gamma rays was

inhibition of sprouting of buds,. Irrespective of bud stages,

irradiated buds took longer time to sprout than the control.
Lowest dose of 20 Gy did not have much effect on inhibition
of sprouting and two cvs. viz., Suraga and Folklore induced

early sprouting.

Significant reduction in sprouting and survival was
recoreded at higher exposures of 30, 40 and 50 Gy,
irrespective of stage of the bud. There was no significant
interaction between bud stages and gamma ray exposures on
sprouting and survival. The exposure of bud woods at 38 Gy
gamma rays was estimated to be the optimum dose to get 50 per
cent survival of plants six months after budding.

-

The' morphological variations induced were
influenced by the.cult}vars, physiclogical stages of the bud
and exposures of gamma rays. The effect of radiation was
manifested in the form of inhibitién, stimulation or
morphological abnormalities. The growth retardation was
expressed in the form of reduction in plant height, number of
branches and number of leaves. The physiclogical stages of
buds treated also showed interaction with cultivars for the
variations induced in plant height and number of branches.
Gamma ray induced maximum reduction in plant height confined

to highest dose of 40 Gy.
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Radiation induced various types of morphological
abnormalities were more frequent during the early period of
growth. Abpprmal leaves were observed at 40 Gy in all the
cultivars. The ma jor abnormalities observed were leaves with
united leaflets, deformed leaves with united leaflets, and
miniaturised leaves (Alliance and Suraga). In cv. Alliance

leaves with chlorophyll deficient patches were also observed.

Gamma ray induced variations in flower colour wére
obtained in cvs. Alliance and Folklore. One variant with
light'pink colour flower was observed in 20 Gy treated
population of cv. Alliance. One reddish yellow mutant was
isolated from 30 Gy treated population_of cv. Folklore. One
mutant with reduced size and large number of petals was  also

isolated from 40 Gy exposure in folklore.

The maximum number of contamination free cultures
were obtained when shoot tip and axillary buds were suface
sterilized with mercuriec chloride at 0.08 per cent for 12
minutes. For internode and leaf disc explants, treatment of
mercuric chloride 0.06 per cent for 12 minutes was
effective. Axillary buds of 1.0 cm, internodes of 0.5 cm and
leaf disc of 1.0 cm with a portion of petiole were foupd to
give best resbonse. The most suitable age of the axillary

bud explant was four days after flower opening.



237

Ahong the 48 treatments tested for culture
establishment, MS basal medium supplemented with BAP 2.5
mg/l 2,4-D 0.5 mg/1 had the highest bud break (80 per cent)

and induced early bud break (4.0 days).

The medium supplemented with kinetin 2.0 mg/1 + GA3
1.0 mg/1 took the minimum number of days (23.4) for
induction of multiple shoot and also produced'ﬁighest number
of shoots/culture (86.87). Whereas,i.highest percentage of
cultures induced multiple. shoots in medium containing BAP 2.0
mg/l + GAg 0.75 mg/l, flower bud inifiation was observed in

combination of BAP 2.0 mg/1 + GAg 0.5 mg/1. -

_ The most suitable hormone supplements for In vitro
rooting was identified as IAA and NAA at 1.0 mg/1 each. This
treatment induced early-root initiation (8.5 days) in 91.7
per cent of the cultures producing an average of (1.8
roots/shoot, with the root }ength of 2.44 cm: Incorporation
of activated charcoal to the same medium impyoved the rootihg
efficiency in terms of reducing the days to root initiation
(7.5), increasing the number of roots (12.0) and root length

(56.20 cm).

Hardening and ex vitro establishment or plantlet
was the most difficult part of the in vitro bropagation. An
improvised structure made of wooden frame and polythene cover

helped to maintain high humidify to ex vitro rlantlets.
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Trials with different potting media did not give any positive
regults on ex vitro establishment. Supply of MS salts at
different concentrations also failed to provide any
successful results. In both of the above trials, complete

mortality was recorded after three weeks.

Successful hardening and ex vitro establishment of
plantlets were achieved by surface inoculation of germinated
spores Qf mycorrhizae (VAM) in 1iquid.suspension”TkeHighest'
survival rate of 66.6? per cent (six weeks after cu{ture) was
obtained by ihoculation with Glomus etunicathm, against no -

plants in the untreated lot. “The .. plantlets inoculated

with G. eimuhicatum_took the minimum number of days for

flowering (105},

Best callus induction from leaf disc and internodal
segments were obtained in MS medium supplemented with BAP_O.S
mg/1l + 2,4;D 0.5 mg/1l + NAA 2.0 mg/l] and best callus
proliferation obtained in medium supplemented with BAP 0.5
mg/1 + NAA 0.1 mg/l + ascorbic acid 5 mg/!. Rhizogenesis was
obtained from leaf and internodal calli in MS medium
supplemented with BAP 0.5 mg/l + 2,4-D 0.5 mg/l + NAA 2.5

mg/l.

Gamma irradiation delayed bud break and induced
reduction in bud break and survival in in vitro culture.

None of the cultures survived at the highest dose of 50 Gy.
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The estimated wvalue for ED5O was 33 Gy. Cultures with

abnormal leaves increased with increasing doses.

The shoot proliferation efficiency declined
progressively with the gamma exposures of higher levels.
There was significant delay in multiple shdot induction and
reduction in number of shoots. The same trend was observed

with respect to rooting efficiency also.

The radiation effect manifested in the form of
morphological abnormalities increased with exposures of
higher levels. The abnormalities recorded were cultres with
deformed leaflets, enlarged leaf blades, chlorophyl] deficient

patches and yellowing of leaf.

The irradiation of multiple shoots significantly
reduced the poliferation rate, roothlg efficiency and
increased the morphological variations. The induced
variaions were cultures with narrow leavesg, deformed and
striated leaves, deformed leaves with foliar petiole and

leaves with chlorophyl! deficiency.
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ABSTRACT

7 questigations were carried out at the Department
of Agricultural Botany and Tissue Culture Laboratory attached
to the Department of Horticulture, College of Agriculture,
Vellayani during the period from 1989-1993 on "Induced

mutagenesis in rose under in vivo and in vitro culture.

Induced mutagenesis adopting in vive method was
carried out with three rose cvs. Alliance, Suragas and
Folklore belonging to Hybrid Tea group. The cv. Folklore
alone was utilized for induced mutagenesis adopting in vitro

culture.

The budwoods of three selected cultivars were
collected at three'different stages of growth and exposed to
Gamma rays at 20, 30, 40, 50 and 60 Gy, and budded on rooted
astock plants and effect of gamma rays on morphological

attributes were recorded.

In vitro culture conditions were standardised for
cv. Folklore. Budwoods were collecfed at five different
growth stages and exbosed to gamma rays at 20, 30, 40 and 5C
Gy, before culturing. The in vitro variations in termg ofl
culture establishment, shoot proliferation aud rooting
efficiency were studied. Multiple shoots were ol!so subjected

to gamma irradiation to study their in vitro variations.



Gamma irradiation of buda woods induced inhibition
and reduction in sprouting and survival. Growth retardation
e#hibited in the form ¢f reduction in plant height and number
of branches. The cultivars showwed no significant
interactiunx with different doses of gahma rays for sprouting

and survival. The ED50 was estimated as 38 Gy.

One reddish yellow mutant was isolated from cv.
Folklore from 30 Gy treated population and one mutant for
increased number of petals from 40 Gy treated population of
the same cultivar. In addition, gamma exposure induced

variation in size and shape of leaves at 30 and 40 Gy.

The treatment of mercuric chloride 0.08 per cent
for 12 minutes had the minimum contamination rate for shoot
tip and axillary bud explants, and 0.06 per cent for 12
minutes was most effective in the case of internodal segments

and leaf disc explaﬁts.

Axillary buds of A-0 cm length for enhanced release
of axillary bud, internodal segments of 0.5 cm and leaf discs
of 1.0 cm with a petiole portion for callus induction were

identified as the most suitable explants.

Axillary buds excised 4 days after flower opening

had the best response in culture establishment.



MS basal medium supplemented with BAP 2.5 mg/l +
2,4-D 0.5 mg/1 recorded bud break percentage of 80 per cent

with in 4 days.

Early multiple shoot induction and highest number
of shoots/pultureiuﬁéerved in medium supplemented with
Kinetin 2.0 mg/1 + GAB 1.0 mg/1. Addition of BAP 2.0 mg/l +
GAg 0.75 mg/1 was the best for getting'hﬁghest percentage of
cultures with multiple shoots. Flower bud. initiation was

observed in combination of BAP 2.0 mg/1 + GAg 0.5 mg/l.

The best medium for in vitro rooting was found to
.be TAA and NAA 1.0 mg/l each, along with activated charcoal

500 mg/1.

Successful hardening and ex vitro establishment of
plantlets were achieved by surface inoculation of germinated
spores of mycorrhizae (VAM) in liquid suspension. Highest

survival rate of 66.67 per cent was observed by inoculation

with Glomus etunicatum against no-plants in the untreated
lot. Minimum number of Hays to flowering (105) was taken in

plantlets inoculated with G. efdnicatum.

BAP 0.5 mg/l + NAA 2.0 mg/l + 2,4-D 0.5 mg/l was
the best combination for callus induction and BAP 0.5 mg/l +
NAA 0.1 mg/l + ascorbic acid 5 mg/l had the highest callus

proliferation.



In vitro rhizogenesisfd%tained from internodal and
leaf calli in MS medium supplemented with BAP 0.5 mg/1 + NAA

‘2.5 mg/1 + 2,4-D 0.5 mg/1.

Gamma irradiation of axillary buds delayed bud
break, reduced percentage of bud break, multiple shoot
production and rooting efficiency and also induced
morphological variations in leaf and growth pattern. The

estimated value for ED50 was 33 Gy under in vitro culture.

Exposure of multiple shoots to gamma rays induced
several morphological abnormalities and reduced :the shoot

production and rooting efficiency.
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APPENDIX I

Effect of gamma irradiation of budwoods of different stages on sprouting*

Cultivar Bud stage Gamma, rays (Gy)
) (B) Dy Dy D, D Dy
A}liance (Vl) Bl 83.47 76.75 50.00 43.32 23.25
(65.98) (61.15) (44.98) (41.14) (28.82)
52 73.60 77.47T 60.00 43,32 19.57
(58.08) (41.64) (50.75) (41.14) (26.24)
B3 80.43 83.47 83.38 33.17 16.53
(63.72) (65.98) (62.73) (35.15) (23.98)
Suraga (Vé) Bl T70.05 T4.51 46.54 39.91 16.53
(56.80) (59.65) (43.00) (39.16) (23.98)
B2 84.70 80.43 60.09 36.63 12.57
(66.94) (63.72) (50.80) (37.23) (20.78)
B3 73.33 73.33 43.19 36.83 32.62
(58.88) (58.88) (41.07) (37.23) (34.81)
Folklore (Vé) Bl 67.38 74.51 56.68 43.32 268.39
(55.15) (59.65) (48.82) (41.14) (30.90)
90.25 886.67 83.683 50.00 22.53
{71.78) (68.586) (52.89) (44.98) (28.33)
B3 80.43 83.47 60.09 46.63 26.39
(63.72) (65.98) (50.80) (43.05) (30.90)
Ch. V=336 D=rg-34

* The transformed values (angles) are given in paranthesis



APPENDIX I1

Effect of gamma irradiation of budwoods of different stages on survival#

Cultivar Bud stage Gamma rays (Gy)
W) (B) Dy D, D, Dy D,
Alliance (V) B, 66.67 70.05 33.17 36.63 . 19.57
(54.72) (56.80) (35.15) (37.23) (26.24)
66.83 63.63 50.00 29.95 9.75
(54.82) (52.89) (44.98)  (33.16) (18.18)
B, 66.83 66.67 50.00 23.25 13.33
(54.82)  (54.72) (44.98) (28.82) (21.40)
Suraga (V,) B, 66.67 66.83 39.91 33.17 12.57
(54.72) (54.82) (39.16) (35.15) (20.76)
By 80.43 73.61 56.81 33.33 9.75
(63.72)  (59.06) (48.89)  (35.25) (18.18)
By - 63.38 86.67 36.37 29.95 12.57
(52.73)  (54.72) (37.07) (33.16) (20.76)
Folklore (V) B, 67.38 70.50 50.00 33.33 19.57
| (55.15) (57.08) (44.98) (35.25) (26.24)
By 86.67 80.00 46.54 39.91 16.53
(68.56)  (63.41) (43.00) (39.16) (23.98)
By - 80.43 76.75 50.00 36.63 19.57
(63.72) (61.15) (44.98) (37.23) (26.24)

. . 1 32.90
* The transformed values (angles) are given in paranthesis Co. V=3©02, D



APPENDIX III

Effect of gamma irradiation of budwoods of different
stages on plant height (cm)
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Cultivar Bud stage Gamma rays {(Gy)
(V) (B) Dy D, D, Dg
Alliance (Vl) Bl 33.0 28.5 30.5 22.4
B2 28.1 31.5 26.9 21.5
BS 31.5 30.3 25.2 19.9
Suraga (V2) Bl 29.0 30.2 22.2 17.7
BZ 32.5 31.2 20.5 18.3
B3 33.2 32.4 & 27.3 17.0
Folklore (VS) Bl 41.1 43.3 35.6 26.6
B, 46.3 50.5 30.7 22.3
B3 49.6 45.8 36.1 19.7
By - Day of flower opening CDe V=i-82, V2D : 364
. a.4o . .G
B, - Three days after flower opening D= 21 BxD = 34

By - Six days after flower opening



APPENDIX IV

Effect of gamma irradiation of budwoods of different stages
on number of primary branches per plant

Cultivar Bud stage Gamma rays (Gy)
) (B) Dg D, D, Dg
Alliance (Vl) B 2.2 2.1 1.4 1.3
B, 2.3 2.1 1.7 1.3
B3 2.1 2.3 1.6 1.3
Suraga (Vz) Bl 2.6 2.3 1.9 1.5
B2 2.5 2.0 1.7 1.3
B3 2.6 2.1 1.6 1.1
Folklore (Vg) By 2.7 2.8 1.7 1.3
BZ 2.9 2.7 2.1 1.5
By 3.5 3.3 1.5 1.3
CD » = Oz VxD «~ 0.2



APPENDIX V

Effect of gamma irradiation of budwoods of different stages
on prickle density

Cultivar Bud stage Gamma rays (Gy)
(V) (B) Dg Dq D, D4

Alliance (Vy) B 1.55 1.60 1.57 1.57
B, 1.61 1.61 1.58 1.42
Bg 1.57 1.53 1.60 1.81

Suraga (V,) By 0.99 0.99 0.98 0.92
By 1.03 1.03 1.00 0.94
Bg 1.02 1.02 1.01 0.96

Folklore (Vg) B, 0.77 0.73 0.77 0.76
B, 0.74 0.75 0.76 0.74
Bg 0.77 0.75 0.74 0.36




APPENDIX VI

Effect of gamme irradiation of budwoods of different
stages on days to flowering

Cultivar Bud stage . Gamma rays (Gy)
V) (B) Dy D, D, Dq

Alliance (Vl) Bl 890.50 85.80 105.85 114.85
B2 80.90 a7.80 106.00 112.75
B3 85.20 102.50 112.60 121.40

Suraga (VZ) Bl 103.80 105.70 112.20 131.30
B2 105.50 106.50 111.50 124,90
B3 106.40 105.70 121.40 125.40

Folklore (V3) Bl 100.860 106.20 115.10 130.40
B2 90.10 i02.90 114.40 125.40
B3 97.10 106.10 118.90 128.60
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APPENDIX VII

Effect of gamma irradiation of budwoods of different stages
on number of leaves per plant

Cultivar Bud stage Gamma rays (Gy)
(V) (B) Dy Dy D, Dg

Alliance (Vl) Bl 16.30 18.25 14.20 13.10
BZ 19,70 20.40 15.90 14.10
B3 15.45 16.70 186.70 15.40

Suraga (Vz) Bl 17.10 16.80 15.85 13.10
B2 17.00 16.00 16.20 11.70
B3 16.10 16.40 14.60 14.10

Folklore (Va) Bl 24.40 22.60 18.72 1i3.10
BZ 8.50 22.20 22.70 21.40
B3 . 20.90 21.40 21.20 18.890
Qb Va [i0 VD =29

D 126 2xp 2-/3



APPENDIX VIII

Effect of gamma irradiation of budwoods of different
stages on neck length (cm)

Cultivar (V) Budstage Gamma rays (Gy)
B D, D, Dy Dy
Athance (Vl B1 5.55 3.65 .35 4.70
BZ 5.30 5.35 .25 4,60
B3 5.45 5.40 5.25 5.15
Suraga (Vz) Bl 4,20 4.25 .15 .90
BZ 4,35 4.25 .30 3.95
B3 4.55 4.70 4,40 4.05
Folklore (V3) Bl 6.65 6.75 6.50 5.25
BZ 6.40 6.55 .10 5.75
By 6.20 5,95 5.95 5.40
<D Vi 0-32 D .oz



APPENDIX IX

Effect of gamma irradiation of budwoods of different
stages on flower diameter (cm)

Cultivar (V) Bud stage Gamma ray (B)

B Dy Dy D, Dy

Alliance (V) ’ By 7.50 7.75 7.15 68.00
B, 7.70 7.90 7.75 6.15

Bg 7.95 © 8.00 7.70 6.65

Suraga (V,) B, 6.75 7.10 6.90 5.05
' B, 6.85 6.80 5.75 5.35

By 6.25 68.60 8.05 4,860

Folklore (Vg) By 7.25 7.45 7.30 6.40
B, 7.00 7.01 6.35 5.85

Bg 8.50 6.70 6.10 5.60
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APPENDIX X

Effect of gamma irradiation of bud woods of different

stages on flower weight (g)

Cultivar (V) Bud stage Gamma ray (B)
B DO Dl D2 D3
Alliance (Vl) . Bl 4.13 4.20 4.04 3.45
B2 4.03 4.12 3.98 3.73
B, 4.10 4.20 4.18 3.65
Suraga (VZ) Bl 5.25 5.33 5.26 4.75
B2 5.26 5.26 4,82 4,22
B3 5.25 5.37 5,19 4.31
Folklore (Vs) Bl 6.36 6.53 6.38 5.35
B2 6.28 6.33 6.25 5.20
B3 6.35 6.40 " 8.08 5.71
=D . N @og B o0, D o-il VxB:z 099



Effect of gamma irradiation of budwoods of different

APPENDIX XI

stages on petal weight (g)

Cultivar (V) Bud stage Gamma ray (B)

B Dy Dy Dy Dg

Alliance (V) By .72 2.74 2.73 2.45
B, .72 2.78 2.62 2.51

By .68 2.69 2.60 2.47

Suraga (Vy) B, .51 3.60 3.53 3.15
B, .65 3.54 3.50 3.07

By .52 3.56  3.50 3.34

Folklore (Vq) B, A7 4.21 4.14 3.93
. By .00 4.03 3.89 3.68

By .18 4.05 4.09 3.59

<D



APPENDIX XII

Effect of gamma irradiation of budwoodS of different
stages on petal number

Cultivar (V) Bud stage Gamma ray (Gy)
B Dy D, D, Dgy
Alliance (Vl) Bl 15.80 16.580 14.15 14.35
B2 16.45 15.85 15.35 13.80
B3 15.35 15.20 14.90 13.75
Suraga (V2) By 23.45 31.25 29.30 29.70
BZ ) 30.10 28.75 27.25 28.75
B3 28 .05 28.85 28.75 27 .40
Foilklore (VS) Bl 27.35 27.50 31.40 37.50
BZ . 2B8.75 26.30 28.25 27.10
B3 28.40 . 28.50 27.40 2T7.40

ek e T e e ey T B s e o . e g . e W e o e o T . W . R e e o o S o e S —— —
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APPENDIX XIII

Effect of gamma irradiation of budwoods of different
stages on number of flowers

4.84

4.05
3.55

4.56

Cultivar (V) Bud stage Gamma ray (B)
Alliance (Vl) B1 7.48 8.03 7T.42
' B, 8.01 8.81 7.91
By 8.35 8.48 8.33
Suraga (Vj) By : 7.05 7.21 7.05
B, 7.04 7.36 6.55
B, 7.53 7.48 7.18
Folklore (V3) Bl 10.38 10.40 10.36
| B, 9.88 10.48 S.80
B4 11.50 10.93 9.10

6.15




APPENDIX XIV

Effect of gamma rays on growth rate of multiple shoots
cultured in vitro i. Main shoot

Length of shoot (cm)

0(Dy) 20Gy(Dy) 30Gy(Dy) 40Gy (D)
Bud stage
(B) Culture period - Culture period Culture period Culture period
(weeks) ‘ (weeks) (weeks) (weeks)
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
By 0.86 1.30 1.66 1.92 1.04 1.50 1.84 2.12 0.82 1.34 1.64 2.00 0.74 1.22 1.40 1.52
B, 1.56 2.08 2.44 2.82 1.40 2.22 2.64 3.00 1.34 1.92 2.52 3.08 1.02 1.32 1.78 2.10
By 1.80 2.34 2.80 3.30 1.74 2.22 2.80 3.22 1.64 2.44 2.84 3.14 0.88 1.26 1.44 1.52
By ‘1.90 2.64 3.36 4.04 1.94 2,46 3.20 3.8 1.80 2.26 2.70 3.10 0.84 1.38 1.54 1.76
Bg 1.98 2.74 3.10 3.42 1.8 2.82 3.16 3.38 1.70 2.38 2.72 2.96 0.74 1.10 1.46 1.70
By - Vegetative shoot B, — Day of flower opening
Bq - Two days after flower opening B4 — Four days after flower opening

B5 ~ Six days after flower cpening



APPENDIX XV

Effect of gamm& rays on growth rate of multiple shoots
(ev. Folklore) ii. Side shoot

Length of shoot (cm)

0(Dy) 20Gy(D,) 30Gy(Dsy) 40Gy(D3)
Bud stage
{B) Culture period Culture period ' Culture period Culture period
(weeks) ) (weeks) (weeks) (weeks)
2 4 6 8 2 4 8 8 2 4 6 8 2 4 & 8
Bl 0.84 1.26 1.56 1.90 0.84 1.30 1.68 2.04 0.82 1.24 1.54 1.82 0.56 0.84 1.12 1.20
B2 0.80 1.54 1.84 2.38 0.82 1.46 1.94 2.52 0.88 1.62 1.88 2.32 0.76 0.96 1.24 1.32
B3 0.90 1.66 2.24 2.66 0.98 1.70 2.32 2.80 0.96 1.38 1.72 2.16 0.60 0.85 1.32 1.44
B4 1.04 1.80 2.24 3.06 0.96 1.84 2.26 2.66 0.8 1.22 1.6 2.08 0.48 0.74 0.92 1.08
B5 1.32 1.98 2.82 3.10 0.98 1.80 2.i4 2.88 0.98 1.64 .2.08 2.44 0.44 0.54 0.88 1.16

By - Vegetative shoot B2 - Day of flower opening
Bg — Two days after flower opening

B5 — 8Six days after flower opening

B4 — Four days after flower opening



APPENDIX XVI

Effect of gamma rays on leaf production (cv. Folklore)

Number of leaves

0(By) 20Gy(Dy) 30Gy(Dy) 4OGy(D3)
Bud stage
(B) Culture period . Culture period Cul ture period Culture period
(weeks) ‘ (weeks) (weeks) (weeks)
2 4 6 8 2 4 8 8 2 4 6 8 2 4 6
By 3.8 5.6 84 9.0 44 7.0 84 886 3.2 6.2 8.2 8.8 2,2 3.2 4.2
B, 5.4 8.6 9.8 10.4 4.0 5.8 7.6 8.4 3.8 6.4 7.8 8.6 2.6 4.6 4.8 5.8
By 5.6 8.2 8.8 10.8 5.6 8.2 10.0 10.4 4.4 7.4 8.4 9.6 2.6 4.0 4.4 4.8
By 5.6 8.6 10.2 11.4 5.8 8.0 10.2 (1.6 5.0 8.2 8.6 9.8 2.8 4.2 4.8
Bg 5.4 8.4 10.0 1.2 5.2 9.0 10.2 10.4 4.4 7.2 8.0 9.6 2.4 3.8 4.2 4.8
Bl - Vegetative shoot Bz - Day of flower opening
B3 - Two days after flower opening By — Four days after flower opening

Bg — Six days after flower opening
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