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INTRODUCTION

The growing realisation of the potentialities of 
plant cell culture for plant propagation and breeding has 
itself provided a substantial impetus for research. There 
are several possible applications of tissue culture 
technology. The most notable are the use of tissue culture 
as a tool to make alteration in the genetic make up of 
plants for plant breeding and the application of tissue 
culture techniques to the in vitro propagation of plants.
The major area where tissue culture techniques are presently 
being successfully applied is in the clonal multiplication 
of plants. The approach is economically sound and a 
rapidly increasing number of commercial operations are 
being devoted exclusively to in vitro propagation of 
ornamentals following the successful multiplication of 
orchids by shoot meristem culture (Morel, 1968).

In vitro propagation techniques are now often 
preferred to conventional practices of asexual propagation 
because of the following potential advantages:

Only a small amount of plant tissue is needed as the initial 
explant for regeneration of millions of clonal plants in 
one year.
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In vitro propagation provides a potent alternative method 
for plant species highly resistant to conventional bulk 
practices.

The in vitro technique provides a method for speedy 
international exchange of plant materials.

The in vitro stocks can be quickly proliferated at any time 
of the year while propagation with conventional practices 
is highly season dependent.

There are three possible routes available for 
in vitro propagule multiplication (a) enhanced release of 
axillary buds (b) production of adventitious shoots through 
organogenesis and (c) somatic embryogenesis. In the present 
investigation the first method is adopted. The merit of 
using axillary bud proliferation from meristem, shoot tip 
or bud culture as a means of regeneration is that the 
incipient shoot has already been differentiated in vivo. 
Thus, to establish a complete plant only elongation and 
root differentiation are required. In vitro organogenesis 
and embryogenesis, on the other hand must undergo develop­
mental changes which usually involve the formation of 
callus with subsequent reorganisation into plantlets. The 
induction of axillary bud proliferation seems to be 
applicable in many cases where methods of organogenesis
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and embryogenesis fail as In the case of carnation (Roest 
and Bokelmann, 1981) and soybean (Evans, 1981; Kartha et al., 
1981b).

If an intermediary callus has been involved, as in 
the case m  most regeneration via organogenesis and 
erabryogenesis, the frequency of genetic changes is increased, 
especially in the form of polyploidization and aneuploidi- 
zation resulting from mitotic abnormalities (Bayliss, 1973; 
Mahlderg et al., 1975). This has been observed in many 
plant species (Edallo et al., 1981; Novak, 1981; Lester 
and Berbee, 1977). Plants derived from meristem shoot tip 
and bud culture are generally phenotypically homogenous, 
thereby indicating genetic stability. Although the rate 
of plantlet multiplication by means of organogenesis and 
embryogenesis is astonishing, their regeneration capacity 
usually diminishes rapidly after a number of subcultures 
and eventually the morphogenic potential is completely 
lost (Kehr and Schaeffer, 1976; Yie and Liaw, 1977). The 
initial multiplication or axillary bud proliferation on the 
other hand is rather slow. The rate nevertheless increases 
during the first few subcultures and eventually reaches a 
steady plateau during subsequent subculture cycles. The 
multiplication rate is quite feasible for commercial 
production of many species. Moreover once a stock of
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multiple shoot culture is established, it can continuously 
serve as the source propagule, instead of having to restart 
from fresh explant cultures periodically.

The main sources of genetic diversity in crop plants 
are naturally occurring mutations and hybrids produced 
from inbreds. Conventional plant breeding procedures 
however are limited by the need for large amounts of labour, 
time and space in greenhouse or fields. Genetic manipula­
tion of plants in vitro may help to alleviate some of the 
problems associated with conventional plant breeding. To 
have a full spectrum of naturally occurring genetic 
diversity all the domesticated cultivars and their wild 
species are screened. If a particular desirable trait is 
unavailable in the natural populations, it can be created 
by induction of mutations. Importance of induced mutation, 
in the field of crop improvement is gaining more attention, 
recently since many of the sources of valuable naturally 
occurring germplasm are really disappearing due to mono­
culture m  most of the cultivated crops of the world.

Recent advances made in cell/meristem or tissue 
culture research appear to offer considerable promise in 
terms of induced mutations for crop improvement. Cell 
and tissue culture techniques can contribute for rapid 
screening of large number of naturally occurring and induced
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mutants, fast production of homozygous inbreds and for 
developing efficient procedures for bringing out suitable 
modification in the existing cultures. Of all the various 
factors, the most determinate one is that it is easy to 
handle a large number of irradiated materials within a 
small volume. Or in other words induced mutations in 
relation to tissue culture economise space. It is also 
an advantage that selection for a particular trait may be 
done at the tissue level.

The large amount of created variability is being 
eliminated by the various factors operated on the sequence 
of mutational events and screening processes. One of the 
major factor which plays a decisive role in elimination 
of mutated sector is diplontic selections. Majority of the 
mutation breeding experiments have been initiated with 
complex multicellular tissues either with seeds in sexually 
propagated plants or with cuttings in asexually propagated 
species. In all these cases plants will develop "chimeras" 
which will lead to diplontic selection and finally elimina­
tion of mutated sectors. In general, smaller the number 
of initial cells, greater will be the probability for 
induction of mutations. So cell culture, meristem culture 
and embryo culture have been adopted to reduce the number 
of cell involvements during the process of induced mutations
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to yield solid mutations and to minimise diplontic 
selections. Taking into account all these factors, the 
present investigation was taken up with the following 
objectives.

1. To standardise a suitable culture medium for in vitro 
growth and development of axillary buds.

2. To standardise a very successful surface sterilisation 
technique for axillary buds of rose.

3. To assess the influence of maturity of axillary buds 
for tissue culture techniques in relation to induced 
mutagenesis.

4. To standardise the best technique of mutagen treatment 
while adopting tissue culture technique.

5. To assess the optimum dose requirement for maximum bud 
take, shoot proliferation and rooting from axillary 
buds of rose.



REVIEW  OF LITERATURE
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adventitious buds. Also Indole Acetic Acid (IAA) 10 m 
and Indole Butyric acid (IBA) 10 |J- m were most effective 
in stimulating adventitious roots on shoots developed on 
these buds (Liv and Burger, 1986).

Michalik and Rogozmska (1986) observed that MS 
basal medium supplemented with 0.5 mg/1 NAA + 0.3 mg/1 BAP,
3.0 mg/1 IBA + 1.0 mg/1 BAP or 1.5 mg/1 IAA + 1 mg/1 kinetin 
were good for micropropagation of Kalanchoe blossfeldlana 
using leaf disc explants.

Nishiuchi (1986), in his studies with the tulip cv
Apeldorn, used fully mature bulbs as the source for tissue
culture. Buds regenerated from the scale segments when
cultured on a medium supplemented with 0.3 mg/1 NAA and
0.3 mg/1 kinetin. The resulting tissue fragnents with
many growing buds were further cultured on a modified MS
medium adjusted to pH 5.1. The effect of high storage
temperature (20-35°C) of the mother bulb on adventitious
bud formation and the effect of growth regulators,
(Bromocholine Bromide (BCB), Capric acid, 2 thiouracil or
GA) on bulb formation during and after a chilling treatment
at 5°C were studied. Storage of mother bulbs at 30 or
35°C for 1-2 weeks had a beneficial effect on bulblet
forming rate. The number of bulblets increased in the

—4presence of GA (2000 mg/1) or BCB (10 m) whereas 2 
thiouracil had a negative effect.
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2.2*1. Embryo cultures of Rose

The first tissue cultures of rose established by 
Lammerts in 1946 were embryo cultures. Asen and Larson 
(1951) have detailed their procedures for rose embryo 
culture. Rose has two sets of seed coats and both of them 
are involved in dormancy. They safely removed the outer 
seed coat by soaking the seeds for 9-17 hours in Cross and 
Bevan's solution (1:2 Zinc chloride:Hydrochloric acid w/w). 
The inner seed coat which is water impermeable must be 
broken to permit germination. These authors reported that 
after removing the outer seed coat, the seeds could be 
soaked in water for about 12 hours which makes the inner 
seed coat soft enough to permit the penetration of a 
needle. These two treatments were sufficient to permit 
good seed germination.

The potential use of embryo culture to rescue a - 
particular hybrid embryo which otherwise abort is one of 
the goals of a rose breeder. Another very practical use 
for embryo culture relates to the rapid seed germination 
which can take place in vitro. Von Abrams and Hand (1956) 
found that when seeds of a fertile cross were planted in 
soil, 66.9 per cent of the seeds germinated after 180 days. 
However, if the seeds were planted on embryo germination 
medium 98 per cent germination occurred within 14 days.
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In embryo culture the seed germination process is shortened 
and the progeny of a particular cross can be more completely 
examined. "

Graifenberg (1973) has reported that when the achene 
(fruit) of R. canina is broken and the naked embryo is 
excised and placed on Knudson C medium, the embryo grows 
quite well. About 30 per cent of the achenes will yield 
transplant size plants after about 3-4 months. In contrast, 
no plantlets were obtained from intact achenes.

2.2.2. In vitro propagation via somatic organogenesis

Callus cultures of rose have been established in 
many laboratories. The most famous lines were those 
established from the variety “Paul's Scarlet Rose". Hill 
(1967) reported the formation of "shoot primordia" in 
long term callus cultures of .hybrid rose. He tried various 
media to stimulate the growth and proliferation of the 
shoot like structures, but no full shoots ever developed.
Hill did report that on one occasion a trifoliate leaf 
developed from his cultures.

Jacobs et al. (1968, 1969, 1970 a, b) have investi­
gated the role of growth regulators in callus development 
from various organs. Mollard and colleagues (Mollard et al., 
1976; Mollard and Barnoud 1976 a, b) have utilised tissue



cultures to isolate and study a number of enzymes and 
plant products of rose.

Kireeva et al. (1977) found that petal, leaf, sepal 
and embryo of essential oil yielding rose variety 
"Krymskaya Krasnaya" shoved optimum callus formation and 
tissue growth on MS medium + 2,4-D at 1-4 mg/1 and kinetin 
at 0.05-0.1 mg/1. The callus tissues of petals, leaves 
and sepals contained essential oil glycoside bound terpenes 
and aromatic alcohols which were similar in composition to 
those found in the same organs of intact plants.

Wulster and Sacalis (1980) have studied the influence 
of auxins and cytokinins on ethylene evolution from rose 
callus. Both haploid and diploid anther callus have been 
established by Tabaeezadeh and Khosh Khui (1981).

Khosh Khui and Sink (1982 a) have studied some of 
the parameters involved in the establishment of callus 
cultures. They have found that optimal conditions for the 
production of friable callus include the establishment of 
callus lines in the dark. They also found that coconut 
water inhibited callus development and friability. But 
they failed to get adventitious shoots from their calli.

Recently Tweddle et al. (1984) reported adventitious 
shoot formation from callus cultures of R. perslea x



R. xanthlna on MS medium supplemented with 4.4-8.8 M 
BAP and 0.54—1.62 p  M NAA. Callus initiated from inter- 
nodal segnents and subcultured for upto 6 months formed 
friable light green to yellow call! with cells that were 
full of starch grains and did not form shoots. However, 
callus derived from recently initiated shoot cultures 
transferred to medium containing 13.2 p  M BAP and 0.54­
1.62 p M NAA, formed a hard green callus, that produced 
adventitious shoots within 4 weeks. Shoots arose from 
meristemoids beneath the callus surface. Organogenic cells 
contained few starch grains. After three or more sub­
cultures, the callus lost its organogenic potential and 
such callus cells contained large numbers of starch grains.

Shoots which had trifoliate leaves and slender stems 
survived when excised and transferred to proliferation 
medium. Unifoliate leaved plants with thick fleshy stems 
leaked phenolic substances into the culture medium and 
died. There was considerable variation in leaf morphology 
among the regenerants of R. perslca x R. xanthina.

Zieslin et al. (1987) found that the callus growth 
of the cultivars "Sonia" and "Golden Times" were greatly 
stimulated when cultured together with callus frcxn 
Rosa indlca var major but to lesser extent by callus from 
R. canlna. ,
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Lloyd et al. (198S) reported results similar to 
that reported by Tweddle et al. in 1984. They further 
explained that two other species they tested (R. laevigata 
and R. wlchurlaiana) failed to form adventitious shoots. 
Cells of these calli, like those from the callus of non- 
morphogenic R. perslca x R. xanthlna hybrid contained 
numerous starch grains.

2.2.3. Suspension cultures of Rose

The use of rose tissues for physiological investi­
gations has been very important since 1957, when Tulicke 
and Nickell (1959) established a cell line of "Paul’s 
Scarlet rose" from a young stem.

Callus lines of "Pauls Scarlet rose" have been 
used to study various aspects of cell suspension growth 
and metabolism (Nash and Davies, 1972), minimal constituents 
of a tissue culture medium (Nesius et al., 1972), carbon 
dioxide and pH requirements of non photosynthetic cells 
(Nesius and Fletcher, 1973), glutamate synthesis (Fletcher, 
1974) and the effects of carbohydrate and nitrogen 
concentration on phenol synthesis (Amorim et al., 1977).

Suspension cultures of R. qlauca and R. damascena 
also have been established and used for studies similar 
to those of "Paul's scarlet rose". R. glauca suspension



cultures have been used to study the structure Of the 
primary cell wall (Joseleau and Chambat, 1984 a, b) and 
lignin production (Mollard & Robert, 1984), R. damascena 
cells have been used to study efflux of K+ and HCO~ ions 
to the medium (Murphy, 1984).

2.2.4. In vitro propagation via enhanced release of
axillary buds

Shoot tips and axillary buds are the most common 
explants utilised for tissue culture in rose.

Hasegawa (1979) obtained a three fold multiplication 
of shoots from shoot tips and lateral buds of the rose cv 
"Improved Blaze" on basic MS medium supplemented with
3.0 mg/1 BAP and 0.3 mg/1 IAA after 8 weeks of culture. 
About 50 per cent rooting could be obtained by transferring 
the shoots to a medium containing 0.3 mg/1 IAA and 0 or 
0.3 mg/1 BAP. Successful transfer of regenerated plants 
to soil could be done after 2 weeks.

Skirvin and Chu (1979S) achieved shoot proliferation 
of the glass house rose cv "Forever Yours" using a modified 
MS high salt medium supplemented with BAP at 2.0 mg/1 and 
NAA at 0.1 mg/1. Rooting was initiated on quarter strength 
MS medium without hormones.

Davies (1980) developed a method for the rapid 
micropropagation of seven rose cultivars by the stimulation
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of axillary buds. He could obtain a multiplication rate 
between 3 to 5 shoots in 4 weeks using MS medium supple­
mented with 0.004 mg/1 NAA, 2 mg/1 BAP, 0.1 mg/1 GA and 
4 per cent sucrose.

Hasegawa (1980) found that in vitro derived shoot 
tips of rose cv "Improved Blaze” proliferated on MS medium 
(supplemented with 0.5 mg/1 thiamine, 0.5 mg/1 pyridoxine, 
0.5 mg/1 Nicotinic acid, 2.0 mg/1 glycine, 100 mg/1 
i-inositol, 3 per cent sucrose, 0.8 per cent Bacto agar,
0.3 mg/1 IAA and 1.0, 3.0 or 10.0 mg/1 BAP). Root forma­
tion and transplantability were enhanced by 0.03 or 
0.01 mg/1 NAA or 0.1 mg/1 IAA added to quarter or half 
strength of the medium.

Glasshouse roses, outdoor floribundas, miniatures 
and a range of rootstocks were rapidly and extensively 
micropropagated by Martin et al. (1981) on a modified MS 
medium containing auxin, cytokinin and gibenllin in 
quantities varying with the clones and required type of 
growth.

In in vitro culture, nodes or shoot apices of 
Rosa indiea major (R. chinensis cv Major) produced shoots 
on MS medium with 0.1 mg/1 BAP and roots on MS medium with 
0.1 mg/1 NAA (Avramis et al., 1982 a). Further experiments 
were carried out to increase the rooting potential of
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in vitro propagated rose shoots of R. Indlca major by 
Avramis et al. (1982 b). They found that best rooting 
was obtained by pre-treatment with NAA at 0.5 mg/1 and/or 
sucrose at 6 per cent before planting on 1:1 peat:vermi- 
culite.

Hyndnan et al. (1982) studied the effect of mineral 
salt concentration on the rooting of in vitro derived 
shoots of rose cv "Improved Blaze" and found that reduction 
in Nitrogen salt concentration, rather than the reduction 
in overall salt was responsible for the improvement in 
conditions for rhizogenesis.

A comparative study was made between 2 Rosa hybrida 
cvs "Tropicana" and "Bridal Pink" and 2 old world species 
R. canina and R. damascena by Khosh Khui and Sink (1982 b). 
Species variation was observed for growth regulator 
requirement and rate of multiplication not only between 
the 2 hybrida cvs, but also between the old world species. 
Further experiments were carried out by Khosh Khui and 
Sink (1982 c) using Rosa hybrida cv "Bridal Pink" for 
stimulating root initiation. They found that the best 
treatments for rooting was 0.1 mg/1 NAA + 0.05 mg/1 of 
either IAA or Indole Butyric acid (IBA).

Pitlet and Mancousin (1982) observed that for the 
establishment phase of lateral buds of rose cultivar
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"Joyfulness" IBA at 0.01 mg/1 and BAP at 0.5 mg/1 were 
best and for proliferation IBA at 0.1 mg/1 and BAP at the 
same rate were required. By dipping shoots in root 
promoting substances (NAA at 1 mg/1) for 1 hour before 
placing them in perlite, 100 per cent rooting was obtained.

Bini et al. (1983) conducted studies on the multi­
plication of Rosa indiea major axillary bud explants and 
found that BAP and Zeatm gave the greatest increase in 
multiplication co-efficient while the addition of IBA and 
GA reduced the multiplication co-efficient. About 
60 per cent rooting was obtained using 0.05 mg/1 IBA.

According to Pnel and Meier-Dinkel (1983) cultivars 
differ in their ease of in vitro propagation. Dormant 
axillary buds are more suitable for in vitro cultures than 
shoot tips and they root in 2 weeks.

Aldrufeu et al. (1984) assessed the in vitro 
rhizogenesis of Rosa sp in different substrates like 
cellulose, sand, expanded clay, perlite, vermiculits. 
Florafort (peat) or TKS-1 (peat) with sucrose and rooting 
percentages observed were 100, 100, 20, 85, 100, 15 and 
80 per cent respectively.

Barve et al. (1984) proposed an effective method 
for rapid propagation of the cultivars 'Crimson Glory1



and ' Glenfiditch' from axillary vegetative buds with a 
10 mm stem portion. Buds proliferated well on MS medium 
containing kinetin at 0.2 mg/1 + BAP at 0.5 mg/1 and good 
rooting was obtained on proliferated shoots by lowering 
the MS concentration to 1/2 strength and adding IAA + iba + 
Indole Propionic acid (IPA) each at 0.5 mg/1.

Cai et al. (1984) found that when stem segnents of 
R. chmensls each with an axillary bud were transplanted 
on to MS medium plus BAP at 1-3 mg/1, NAA at 0.005-0.1 mg/1 
and GA at 0-2.0 mg/1, a rosette of shoots was formed after 
two weeks. Shoots transplanted and cultured on 1/2 
strength MS medium + NAA at 0.5-1.0 mg/1 for 10-15 days 
produced roots.

Louwaars (1984) obtained good results with axillary 
buds of 'Ilona* and 'Red Success* cultivars by culturing 
them on MS medium supplemented with 4 per cent sucrose,
2 mg BAP/1 and 0.004 mg/1 IAA.

Successful micropropagation and transfer to the 
greenhouse was achieved in cultivars Bellona, Bingo,
Candia, Cocktail 80 and Sonia using a modified MS medium 
by Curir et al. (1985). Thiamine at 2 mg/1 and Myoinositol 
at 100 mg/1 promoted bud proliferation and IAA at 0.8 mg/1 
with low sucrose (15 mg/1) promoted rooting.



Leffring (1985) observed that highest percentage 
of success was obtained using nodal section with a dormant 
bud that had just coloured, but the position of the bud on 
the shoot and the season of propagation also influenced 
the success of tissue culture,

Reist (1985) compared cut flower yields (May to 
November) of rose bushes (cvs Sonia and Mercedes) establi­
shed at the same time from cuttings or from in vitro 
propagated plants and found that flower production was 
20 per cent higher in in vitro plants of cultivar Mercedes. 
The in vitro plants also branched more than plants grown 
from cuttings.

According to Alekhno and Vysotskii (1986 a) growing 
the micro cuttings in a horizontal position during shoot 
proliferation more than doubled the propagation co-efficient 
compared with growing in a vertical position Later, Alekhno 
and Vysotskii (1986 b) studied the effect of nutrient 
medium on micropropagation of rose and found that a 
combined solid/liquid medium gave improved results due to 
better accessibility of active substance from the liquid 
and a large contact area of explants with the medium.

Best results (rate of rooting, number of roots and 
absence of callus) were achieved by Collet and Le (1987) 
through the brief induction pretreatment with IAA supplied 
at the cut ends of the cutting.



Damiano et al. (1987) obtained proliferation rates 
ranging from 7.2 (for cv Bingo) to 5.8 (for Bellona) by 
culturing axillary buds on MS medium + 1 mg/1 BAP.

Mederos and Rodriguez (1987) studied the factors 
affecting shoot tip and axillary bud growth and morpho­
genesis of Rose cv Golden Times.

Valles and Boxus (1987) found that GA at 1 mg/1 
enhanced axillary branching in their studies with 
Rosa hybrida cvs.

Alderson et al. (1988) observed that the rooting of 
the cultured shoots of the cultivars. 'Dainty Dinah', 
'Crimson Rosamini' and 'Dujana' was influenced by tempera­
ture (15, 20 and 25°C) during the multiplication and 
rooting phases and by the presence or absence of auxin 
(IBA) in the rooting medium.

The plant habit, growth and development of 36 dwarf 
cultivars propagated in vitro and by cuttings were compared 
by Dubois et al. (1988). They found that plants frcm 
in vitro material flowered earlier, had shorter shoots 
with fewer and shorter internodes and more and longer 
laterals than plants from cuttings.

Langford and Wamwright (1988) found that shoots 
maintained on 10, 20 or 40 per cent sucrose showed



decreased levels of carbon dioxide uptake at the higher 
sucrose concentrations and also vitrification increased 
with decreasing sucrose concentration.

Li (1988) showed that 86.7 per cent shoots derived 
from bud explants produced roots in the presence of 2 mg/1 
1-aminobenzo triazole (ABT) which was higher than the 
rooting efficiency of NAA and IBA. Shoots formed on media 
with small amounts of BAP, rooted and acclimatized better 
than shoots from media with higher amounts of BAP 
(Podwyszynska and Hempel, 1988).

Number of shoots per explant was highest when MS 
medium was supplemented with 0.5 mg/1 of BAP and 0.25 mg/1 
of GA and best rooting was observed in 8 days in liquid 
MS medium + 0.25 mg/1 NAA and 0.1 mg/1 2,4 Dichloro- 
phenoxyacetic acid (2,4-D) (Rout et al., 1988).

2.3 Induced mutagenesis in Rose

Roses are known to be changeable in the sense that 
they change themselves either in their colour, form habit etc. 
Such changes which are hereditary in nature are called 
mutations.

Spontaneous somatic mutations have played a very importa 
role in the production of new varieties of rose. The more 
significant bud-sports in roses include the mutation responsiol 
for the production of brilliant orange coloured flowers in Dwar



Polyantha roses (Wylie, 1955). It has been estimated that 
more than 18 per cent varieties of hybrid tea roses were 
introduced during 1926-1950 and 54 per cent varieties of 
Dwarf Polyantha originated as sports (Wylie, 1955). During 
the last fifteen years a number of workers have used 
ionizing radiations and chemical mutagens for artificial 
induction of sanatic mutations in rose.

Nakajima (1970) observed that best results were 
obtained by gamma irradiating stem cuttings in late April 
to late May at about 10 Kiloradiation (Kr) for upto 10 days.
He found marked differences in responses between cultivars. 
“Crimson Glory" and "Golden Masterpiece" rarely mutated 
whereas many sports were obtained in 'Peace*. 'Queen Elizabeth’ 
and 'Kordes Perfecta'. Ha found that flower colour was most 
frequently altered by mutation.

Lata and Gupta (1971) recorded the survival of plants 
and flower, yield of essential oil and production of normal 
and abnormal flowers in 12 gamma irradiated and non-irradiated 
scented hybrid tea cvs during the second year after irradia­
tion. Flowers frcm irradiated plant were generally smaller 
and contained less oil than those of controls.
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Kaicker and Swarup (1972) gamma irradiated the cvs 
'Christian Dior', 'Queen Elizabeth' and 'Kiss of Fire’ 
and found that treating dormant buds with 5-10 kr of ganina 
rays produced best results. Also Ethyl-methane sulphonate 
(EMS) induced mutants with low petal numbers in "Kiss of 
Fire".

Based on studies conducted on control and gamma ray 
Induced mutants of rose cultivar "Montezuma", Lata and 
Gupta (1975) suggested that the variations exhibited by 
the mutants may be chromosomal and/or genic in nature. 
Dctnmergues (1976) suggested that the floral colour changes 
produced by mutations may be due to a change in the nature 
of the picpients themselves although most of them are 
already present in the plant.

Nakajima (1977) observed that of the various doses 
of gamma rays used for irradiating potted plants of the 
rose cv 'Peace', 15 kr and 10 kr were the effective treat­
ments. Multicoloured cultivars and those normally grown 
under protected cultivation mutate more readily than most 
other cultivars (Haenchen and Gilfert, 1978).

‘Madhosh’, a mutant variety of rose with blue 
stripes was obtained by treating the budwood of 'Gulzar' 
with 0.25 per cent EMS (Kaicker and Swarup, 1978).
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Tsvitkov (1978) observed that in crosses with the 
Kazanlik rose (Rosa damascena) the use of irradiated 
pollen of such forms as R. canina. R. centifolia and 
Rose de Mai increased fruit and seed set.

Lata (1980) suggested that the floribunda rose 
•Pink Parfait1 was the most suitable for the induction of 
mutations using gamma rays.

Irulappan and Rao (1981) observed that in the vM̂  
generation of Edward rose (Rosa bourboniana Desp) indivi­
dual flower weight and the number and weight of flowers/plant 
significantly increased in all mutagenic treatments with
gamma rays and EMS. In vM_ increased mean values wra* *
observed for number and weight of flowers per plant.

Shepotev and Chernobrivets (1981) observed that in 
the gamma ray induced mutants of Rosa cinnamomea the leaf 
blade was significantly thicker than its control.

Buds, gamma irradiated with 3 kr gamma rays and 
budded on Rosa indica var. odorata produced a white colour 
mutant, whose flower diameter and petal size were signifi­
cantly reduced, but the petal number was increased (Datta 
and Gupta, 1982). Later in 1984 Datta and Gupta produced 
a new cultivar 'Saroda' by exposing the budwood of the 
cultivar 1 Queen Elizabeth' to 3 kr of gamma irradiation.

27



Benetka (1985) while studying the Isolation of 
somatic mutations in rose cultivar 'Sonia' found that the 
optimum gamma irradiation dose was between 4 and 5 kr.
With increasing bud generations during the first year 
after irradiation, the number of non-chimeral mutations 
decreased and was generally low in shoots of third bud 
generation.

Datta (1985) found that gamma irradiation of 
axillary buds resulted in a reduction in the sprouting 
and survival percentages and it increased with dose. A 
wide variation was observed in the sensitivity of varieties 
to gamma irradiation, the cv "Orange Sensation" being the 
most sensitive and 'Kiss of Fire' the most resistant. His 
further studies in the rose cv "Contempo" in 1986 showed 
that though repeated irradiation reduced sprouting, 
survival and plant height, it increased somatic mutation 
rate.

Huang and Chen (1986) in their mutation breeding 
experiments with rose cvs 'Crimson Glory', 'Super Star', 
'Condesa de Sastago', 'Peace', 'Pink Peace' and 'South Seas' 
observed that 3.8-15 per cent of the plants exposed to 
3 kr of gamma irradiation bore mutant branches and almost 
half of them produced chimeric flowers.
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Both gamma-irradiation and chemical mutagens 
(0.1 per cent dimethyl sulphate, 0.05 per cent EMS,
0.5 per cent hydroxyl amine) decreased seed germination 
and no correlation was detected between the use of a 
particular mutagen and the colour intensity of flowers on 
the resulting plants. About 10 per cent of plants from 
treated seeds produced white flowers which were devoid of 
anthocyanins (Lata, 1987).

2.4. Tissue culture techniques in relation to induced 
mutagenesis

The application of mutagens to tissues or cell 
populations cultured in vitro to enhance the rate of 
spontaneous mutations and the use of direct selection for 
the screening of spontaneous mutants or variant lines has 
been used in several laboratories in the last 10 years, 
with the aim of further recovery of mutated whole plants. 
Bajaj (1971) studied the direct and indirect effects of 
gamma irradiation on the seeds, seedlings, callus tissue 
cultures, excised roots, ovules and embryos and reported 
that callus tissue cultures are more radio resistant than 
the intact seedlings.

In 2 cvs of Chrysanthemum, gamma-irradiated at the 
time of shoot tip culture, the proportion of plants healthy 
enough to transplant after irradiation was inversely
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proportional to the radiation dose. A few of these plants 
that survived the winter were those irradiated with a dose 
less than 20 kr. (Mttbuchi and Kuwada, 1975). ^

An effective chemical mutagenesis procedure for 
Petunia hybrida cell suspension cultures was reported by 
Coljin et al. (1979). Of the various chemical mutagens 
used in cell suspension cultures, grown in MS medium +
1 mg/1 2,4-D, Nitroso guanidine was most effective and 
cell survival was satisfactory in low dose (5-40 g/ml) 
of the mutagen.

Unrooted cuttings, callus and suspension cultures 
of 5 Chrys anthem urn clones were treated with gamma rays 
(1.2-1.8 kr) and 1 clone was treated with 0.5-1.5 per cent 
EMS (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.

As in vitro propagation of two genotypes of 
Begonia hiemalis was achieved through adventitious shoot 
formation on cultured leaf disc and subsequent transplan­
tation to soil of explant parts with adventitious shoots. 
After irradiation of detached leaves with different doses

!
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of X-rays and 2 cycles of adventitious shoot formation on 
in vitro cultured leaf disc explants, plantlets were 
produced. About 30 per cent of these plants were mutants 
with respect to the colour, size and form of the leaves 
and flovers. The great majority of the mutants (98.5 per cent 
proved to be non chimeric (Roest et al., 1980).

Work was carried out as a part of a Fuchsia breeding 
programme with the aim of producing new forms by somaclonal 
variation, mutagenic treatments (EMS, hydrazine, sodium 
azide and methyl nitroso guanidine) and in vitro selection 
using cultivars ’Constance', 'Swingtime' and 'Rose Van den 
Berg'. Several variants have been isolated, some of which 
were characterised by an increase in the ploidy level 
(Bouharmont and Dabm, 1986).

Weigela cv "Bristol Ruby" cultured in vitro was 
gamma-irradiated with doses of 20-60 Gy. Irradiation 
affected bud survival, rhizogenesis and cutting growth at 
doses 30 Gy and few buds survived a 60 Gy dose. Mutants 
produced from irradiated buds appeared to be homogeneous 
at first but after 2-3 years 40 per cent proved to be 
penclinal chimeras (Duron and Decourtye, 1986).

Immobilized embryogenic cells of a Pomsettla 
ideotype heterozygous for anthocyanin synthesis (Whwh)
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was chosen for X irradiation (10 to 60 Gy) so that induced 
homozygous 'whwh* mutants could be easily identified. 
Mutation rates increased with increasing x-ray doses 
reaching 8.9 per cent at 60 Gy but the survival rates 
decreased with increasing doses. Application of 2 or 3 
doses at 20 Gy separated by intervals of 0.5-25 hours 
increased survival rates (Kleffel et al., 1986).

A broad spectrum of variability was induced when 
applying X-ray doses between 25 and 60 Gray (Gy) to basal 
segments of in vitro derived microshoots of the rose cv 
■ Ilseta' followed by repeated cutting off of axillary 
shoots from treated mother explants. The mutations 
comprised of 73 per cent flower mutants, 14 per cent with 
altered growth and 13 per cent with modified leaves. The 
mutant rate increased with increasing irradiation dose 
(Walther and Saver, 1986a).

Axillary shoots from in vitro derived microshoots 
of two lines of Gerbera (A 26 and 82/19/6) were irradiated 
with X-ray doses between 10 and 25. During 16 weeks of 
post irradiation culture, the following parameters were 
assessed for their usefulness in estimating radiosensitivity 
such as 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 4 subsequent
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dates. Regeneration was dose dependent, the higher X-ray 
doses resulting in greater inhibition of shoot regeneration. 
Irradiation induced damage was higher in A 26 than in 
82/19/6 (walther and Saver, 1986b).

Tissue cultures derived frcra flowering buds of 
Arctostaphylos were cultivated in the dark on MS medium 
supplemented with 10 mg/1 IBA + 1 mg/1 kinetin. Cultures 
in their 10th to 18th subcultures were gamma-irradiated 
5 times at 4 intervals of 4 weeks with doses of 2.5 to 5 
or once with doses between 2.5 to 160 Gy from a 60Co 
source. Compared with untreated controls the growth of 
the irradiated cultures decreased with increasing radiation 
dose. The highest dose (160 Gy) killed the calli. None 
of the radiation treatments induced embryogenesis. The 
number of very large cells in the calli increased with 
increasing radiation dose (Duskova et al.. 1988).

Shoot tips of the grape cultivars 'Muscet Bailey A', 
'Reesling' and 'S 9110' were cultured for 6 weeks in MS 
medium supplemented with 4.8 MBAP. Treatments with
0.1-2 per cent EMS decreased shoot proliferation and shoot 
length. In untreated shoot tips, proliferation and length 
of shoot were greatest in 's 9110' and lowest in 'Muscet 
Bailey'. Irradiation with low doses (1 kr) of gamma rays
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followed by 72 hr dark treatment increased shoot prolifera^ 
tion rate and shoot length while high doses did not 
(Kira et al., 1989).
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MATERIALS AND METHODS

The present investigation was undertaken at the 
Tissue Culture Laboratory attached to the Horticultural 
Department, College of Agriculture, vellayani, during 
1989-'90. The main objectives were to standardise a culture 
medium for the in vitro growth and development of the 
axillary buds, and to standardise a suitable technique of 
induced and chemical mutagenesis under in vitro culture 
for rose.

The details of the various procedures adopted are 
presented hereunder:

3.1 Materials

3.1.1 Explant

The explant used for the present investigation was 
axillary buds of rose (Rosa chlnensls Jacq) at 4 different 
maturity stages.

1. axillary buds at the time of flower harvest
2. axillary buds 2 days after flower harvest
3. axillary buds 4 days after flower harvest
4. axillary buds 6 days after flower harvest

3.1.2 Medium
The medium tried was MS (Murashige and Skoog, 1962)



medium with different auxins, 2,4-D, GA, NAA, IAA, IBA 
and cytokmin BAP at concentrations of 0.5, 1.0, 1.5 and 
2.0 mg/1. "

3.1.3 Mutagen

The mutagen used was Ethyl Methane Sulphonate (EMS) 
at 0.125, 0.250, 0.375 and 0.5 per cent concentrations.

3.2 Methods

3.2.1 Raising the material

Rose is propagated both by budding and by using 
cuttings, but the former method is preferred for obtaining 
better quality and faster growing plants. For the present 
investigation budded plants of the rose variety "Phor Chlor" 
were utilised. Large sized pots of about 12" to 17” in 
diameter and 16" to 18" in height were used for planting 
the mother plants. They are ideal for the complete growth 
of the rose plants as they provide enough space for the 
semi-taproot and adventitious roots to grow. A potting 
mixture consisting of 2 parts soil, 1 part sand and 1 part 
cowdung was used for growing the plants. For rose, heavy 
watering at comparatively long intervals is more useful 
than frequent light watering and so the plants were 
irrigated twice daily (morning and evening).
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In order to reduce contamination during culturing 
plants were sprayed with the systemic fungicide Benlate 
(0.1 per cent) 4 times at 15 days interval before the 
excision of the explants. The explants were collected one 
week after the last spraying.

3.2.2 Excision of explant

To obtain nodal secjnents containing lateral buds, 
a shallow incision (1-2 mm) was made into the stem and the 
bud was excised with a small portion of the adjacent stem 
tissue attached to it as they sprouted better compared to 
those without the stem portion. The excised buds were 
immediately transferred to a beaker containing double 
distilled water to avoid the drying of buds. In the 
laboratory the buds were given 4-5 washings with distilled 
water to remove the dust and other extraneous matter 
adhering on to it.

3.2.3 Standardisation of surface sterilisation

Axillary buds at the time of flower harvest were 
used for this preliminary investigation. Axillary buds 
were excised soon after flower harvest with a small portion 
of the adjacent stem and were washed thoroughly in double 
distilled water. These buds were then immersed in Mercuric 
Chloride solution of different concentrations as shown in
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Table 1. The Mercuric chloride sterilised buds were 
inoculated in MS medium under aseptic conditions to study 
the percentage of buds that remained healthy without 
contamination.

Table 1. Surface Sterilisation Treatments

sterilant Cone (in %) Time (in min) Oninfected 
buds after 
10 days (%)

5 20
10 46

0.06 15 73
Mercuric echloride j OD

0.08 10 70
15 90
5 25

0.1 10 10
CD value 15 Nil

The survival percentage that resulted due to various 
concentrations of mercuric chloride indicated that to get 
maximum number of healthy and growing buds, treating the 
buds in 0.08 per cent mercuric chloride for 15 minutes was 
optimum.
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The surface sterilised buds were then rinsed 3 times 
(at 5 minutes interval) in sterile distilled water under 
aseptic conditions in a Laminar air flow hood. One bud 
was inoculated per tube containing 15 ml of semi-solid,
MS medium and the tubes were incubated at 25 ®C + 2°C and 
70 per cent humidity under cool white flourescent light 
of approximately 3000 lux intensity at 16/8 hr light/dark 
regime.

3.2.4 Standardisation of culture medium

Since a wide varietal variation is observed in the 
effect of hormones on the in vitro growth of rose as 
reviewed earlier basic MS medium with several combinations 
of auxins and cytokimns were tested at 3 different stages 
of development such as

Stage I Culture establishment
Stage II Enhanced release of axillary buds
Stage III In vitro rooting

The pH of the medium was adjusted to 5.8. Tubes 
and conical flasks (100 ml and 50 ml) (corning) were used 
for the study. The medium was autoclaved for 20 min at 
121°C and 1.06 kg/cm .

3.2.4.1 Culture establishment

Axillary buds (at the time of flower harvest)
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excised with a small portion of the adjacent stem were 
washed thoroughly in distilled water and surface sterilised 
with 0.08 per cent mercuric chloride for 15 min. After 
surface sterilization the buds were again given 3 washings 
(at 5 min interval) with sterile distilled water. These 
sterilised buds were then inoculated into MS medium with 
different combinations of the cytokinin BAP and auxin 
2.4-D as given below:

BAP (0.5, 1.0, 1.5 + 2.0 mg/1) and 2.4-D (0.5, 1.0, 1.5 and
2.0 mg/1) 4 x 4  diallel set.

All the cultures were incubated under culture 
conditions explained earlier. Fifteen tubes each were 
provided for each treatment.

Observations 
Days for bud take

After a few days of culturing, the buds swell up 
slightly and their outer bud sheath separates out. The 
number of days taken by buds subjected to different treat­
ments to undergo this change was counted and expressed as 
the number of days for bud take.

3.2.4.2 Enhanced release of axillary buds

After 1 month of inoculation, when the buds grew 
to a height of 2 cm, they were transferred to MS medium



with BAP alone and with different combinations of bap and 
GA to find out the best combination for maxiraun multiple 
shoot production. The combinations tried were as follows:

BAP (0.5, 1.0, 1.5 & 2.0 mg/1)
GA (0.5, 1.0, 1.5 & 2.0 mg/1) 4 x 4  diallel set

Observations

Days for multiple shoot production

The number of days taken by each treatment to produce 
the first multiple shoot was observed and recorded.

Number of shoots/culture

The number of shoots produced in individual culture 
tubes were counted and recorded.

3.2.4.3 In vitro rooting

The multiple shoots with a height above 4-5 cm were 
separated from the main shoot and were cultured individually 
for rooting, in appropriate rooting medium while the smaller 
shoots were allowed to undergo shoot proliferation again.
For rooting, the basic MS salts in half strength or full 
strength with auxins IBA, NAA and IAA was used. The various 
media combinations were as given below.
(i) 1/2 strength medium + NAA (0.5, 1.0, 1.5 and 2.0 mg/1)
(ii) " + IBA (0.5, 1.0, 1.5 and 2.0 mg/1)
(iii) " + IAA (0.5, 1.0, 1.5 and 2.0 mg/1)



(iv) full strength medium without hormones 
(v) " + NAA (0.5, 1.0, 1.5 and 2.0 mg/1)
(vi) " + IAA "

Observations 

Days for rooting

The number of days taken to produce the first root 
initial was recorded.

Number of roots/culture

The number of roots produced in individual shoots 
were counted and recorded.

3.2.5 Mutation induction

3.2.5.1 Preparation of mutagen solution

The chemical mutagen EMS, an alkylating agent was ^ 
used as the mutagenic agent. The various concentrations 
ranging from 0.125 to 0.5 per cent at 0.125 per cent 
interval was prepared by dissolving the mutagen in double 
glass distilled water, immediately before use. A 0.5 per cent 
stock solution of 0.5 ml EMS in 100 ml distilled water was 
prepared and from this stock the other concentrations were 
made as follows:
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30 ml of 0.5 per cent stock + 10 ml double distilled
water — 0.375 per cent EMS
20 ml of 0.5 per cent stock + 20 ml double distilled
water - 0.25 per cent EMS
10 ml of 0.5 per cent stock + 30 ml double distilled
water - 0.125 per cent EMS

The pH of the solution was adjusted to neutral using 
sodium phosphate dibasic salt as buffer.

3.2.5.2 Mutagen treatments

Two methods of mutagen treatments were tried.

3.2.5.2.1 Direct treatme nt

3.2.5.2.2 Cotton swab method

3.2.5.2.1 Direct treatment

In this method rose buds excised at different stages 
were directly immersed in EMS solution of different concen­
trations for 4 hours. After treatment the buds were washed 
thoroughly in running water for one hour. The buds were 
then surface sterilised with 0.08 per cent mercuric chloride 
for 15 min, washed with sterile distilled water and 
inoculated into MS medium standardised for bud establishment. 
Buds of 4 different maturity groups were subjected to direct 
treatment with EMS at 4 different stages of culturing as 
follows:



44

(i) Treating the buds immediately before inoculation
(ii) Treating the buds 2 days after culturing
(iii) Treating the buds 4 days after culturing
(iv) Treating the buds 6 days after culturing

3.2.5.2.2 Cotton swab method

In this method the buds were treated before excision, 
in the plant itself. Different concentrations of the 
mutagen solutions were prepared as explained earlier. The 
plants were provided with temporary shade and the buds 
were wrapped with pieces of cotton dipped in one of the 
4 different concentrations of EMS solution. The buds of 
the same branch vrere given the same treatment for 4 hours. 
The cotton was kept wet with the mutagen till the end of 
the treatment. After 4 hours the cotton wrap was removed 
and the buds were washed thoroughly with distilled water 
sprayed with the help of a wash bottle. The next day 
morning the buds were excised, washed with distilled water, 
surface sterilised, again washed in sterile distilled water 
and cultured. The axillary buds were subjected to this 
method of mutagen treatment at 4 different stages of 
development as follows:

(i) Treating the axillary buds at the time of flower harvest

As soon as the flowers opened up completely, they 
were plucked and the leaves below were cut off, retaining
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a small portion of the petiole at the base of each axillary 
bud. The buds were then treated with the mutagen as 
detailed earlier.

(ii) Treating the axillary buds 2 days after flovrer harvest
(ill) Treating the axillary buds four days after flower 

harvest
(iv) Treating the axillary buds six days after flower 

harvest

3.6.3 Observations

Observations were recorded on the following 
characters from the treated and cultured explants at 
different stages of their growth. All the materials used 
to take observations were sterilised properly before use. 
The observations taken include

Days for bud take
Number of days for first leaf production
Length of shoots at 15 days interval
Number of leaflets per plant at 15 days interval
Days taken for multiple shoot production
Average number of shoots/culture
Days taken for rooting
Number of roots/shoot
Morphological variation if any

I
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RESULTS

4.1 Standardisation of culture medium

4.1.1 Culture establishment

The number of days required for bud take and the 
percentage bud take after 10 days under different combina­
tions of BAP and 2,4 D for explants taken at the time of 
flower harvest are presented in Table 2. Statistical 
analysis of the data showed significant difference among 
the treatments for both these factors.

The number of days required for bud take ranged 
from 4 (BAP 2.0 mg/1 + 2,4 D 1.0 mg/1) to 10 (BAP 2 mg/1 +
2.4 D 1.5 mg/1). There was no bud take when the level of
2.4 D increased above 1.0 mg/1 (1.5 mg/1 & 2.0 mg/1) in 
combination with BAP at 0.5 mg/1, 1.0 mg/1 or 1.5 mg/1 
levels. In all these combinations callusing was observed 
at the cut ends of the stem portion attached to the bud.
In the treatments other than those mentioned above the 
days required for bud take varied from 6-9 days.

The maximum percentage of bud take (85 per cent) 
was observed in MS medium supplemented with BAP 2.0 mg/1 
and 2,4 D 1.0 mg/1. The combinations of BAP 2.0 mg/1 +
2.4 D 0.5 mg/1, BAP 1.5 mg/1 + 2,4 D 0.5 mg/1 and BAP
1.5 mg/1 + 2,4 D 1.0 mg/1 were on par in the percentage
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bud take (82, 80 and 80 per cent respectively). The 
percentage bud take was very low In the combination BAP
2.0 mg/1 + 2,4 D 1.5 mg/1 (60 per cent). In the rest of ' 
the treatments the percentage bud take ranged from 70 
(BAP 0.5 mg/1 + 2,4 D 0.5 mg/1 ) to 78 (BAP 1.0 mg/1 + 2,4 D 
0.5 mg/1).

4.1.2 Enhanced release of axillary buds

The nunber of days taken for the initiation of 
multiple shoot, percentage of cultures with multiple shoots 
and the number of shoots/culture at different levels of 
BAP and combinations of BAP and GA are presented in Table 3. 
Statistical analysis shov«d significant variation for all 
the factors.

Days required for initiation of multiple shoots

The combination BAP 2.0 mg/1 + GA 1.0 mg/1 took only 
25 days for multiple shoot production and was superior to 
all the other combinations. Buds sub-cultured on MS medium 
containing, BAP at 0.5 - 2.0 mg/1 or BAP 0.5 mg/1 with GA 
above 1.0 mg/1 (1.5 & 2.0 mg/1) took 34-38 days for multiple 
shoot production. When BAP was at 1.0, 1.5 or 2.0 mg/1 
and GA at 0.5 mg/1 multiple shoot production occurred 
within 31-33 days.
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Percentage of cultures showing multiple shoots

Addition of BAP (0.5 - 2.0 mg/1) alone to MS medium 
resulted in poor shoot elongation and multiple shoot forma­
tion remained between 59.3 — 88.5 per cent. Incorporation 
of GA at low concentrations (0.5 - 1.5 mg/1) in the BAP 
supplemented mediian gave a high multiple shoot induction 
(90.2 - 94.3 per cent). MS medium containing BAP 0.5 -
1.5 mg/1 with GA 0.5 and 1.0 mg/1 was found to be superior 
(57.2 - 85.3 per cent) to those cultures supplemented with 
BAP alone at 0.5 - 1.5 mg/1 (59.3 - 82.2 per cent). When 
BAP level remained at 0.5 - 1.5 mg/1 and GA level increased 
above 1.0 mg/1 a negative effect was observed (53.3 -
77.1 per cent). A combination of BAP 2.0 mg/1 with 
GA 0.5 - 1.5 mg/1 (90.2 - 94.3 per cent) was found to be 
superior to only BAP 2.0 mg/1 (88.5 per cent). However 
GA above 1.5 mg/1 reduced the percentage cultures with 
multiple shoots even when BAP was at 2 mg/1 (80.2 per cent). 
The lowest percentage of cultures with multiple shoots 
(53.3 per cent) was observed when BAP was at 0.5 mg/1 and 
GA 2.0 mg/1 followed by BAP 0.5 mg/1 + GA 1.5 mg/1 
(55.1 per cent) and BAP 0.5 mg/1 + GA 1.0 mg/1 (57.2 per cent)

Nunber of shoots/culture

The addition of GA to the BAP supplemented MS medium 
also showed the maximum response for number of shoots/culture.



BAP (1.0 - 2.0 mg/1) with GA below 1.0 mg/1 gave an average 
shoot number of 4 per culture, while BAP (0.5 - 1.0 mg/1) 
with GA concentration above 1.0 mg/1 gave only an average 
of 1-2 shoots/culture. The combination of BAP 2.0 mg/1 +
GA 1.0 mg/1 enhanced the average number of shoots/culture 
to 5.25 while BAP 2.0 mg/1 alone gave an average of
4.33 shoots/culture. MS medium supplemented with 2.0 mg/1 
BAP and GA 1.0 mg/1 gave the maximum number of cultures 
with multiple shoots (94.3 per cent) in a minimum period 
of 25 days and the number of shoots produced per explant 
was the highest (5.25).

4.1.3 In vitro rooting

Rooting was initially tested in 1/4 strength MS 
medium supplemented with 3,0 mg/1 IBA. Here the plantlets 
took 30-35 days for rooting with a very shy shoot growth 
and hence the leaves turned yellow and withered. By this 
time heavy callusing was also observed at the base of the 
shoots. Further rooting was tried by reducing the IBA 
concentration (2.0 - 1.0 mg/1). This combination reduced 
callusing but showed no improvement in shoot growth.
Hence the concentration of the base medium was increased 
to 1/2 strength. The data regarding the days required 
for root initiation, percentage of shoots with rooting 
and average number of roots/shoot are presented in Table 4.

'̂J
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The statistical analysis showed significant differences 
in all the parameters tested.

The hormones tested in 1/2 strength MS medium 
were NAA, IBA & IAA each at 0.5, 1.0, 1.5 and 2.0 mg/1.
The percentage of shoots with rooting was comparatively 
poor (60.1 - 71.1) in those cultures supplemented with 
IBA at 0.5 - 2.0 mg/1. Here basal callusing was also 
observed. The percentage values of IBA at 0.5 and 1.0 mg/1 
treatments (69.4 - 71.1) were on par but they differed 
significantly from the other hormonal treatments. The 
rooting percentages of cultures supplemented with NAA 
(0.5, 1.5 & 2.0 mg/1) and IAA (0.5, 1.5 & 2.0 mg/1) were 
found to be on par and the values ranged from 5 to
82.3 per cent. In IAA and NAA each at 1.0 mg/1 84.9 and
84.0 per cent of cultures showed rooting with an average 
of 3.5 and 3.47 roots per culture, but the general health 
of the shoots was not satisfactory and the yellowing of 
plantlets was a common feature in all the three rooting 
hormones tried in 1/2 strength MS medium. A full strength 
MS mediun supplemented with NAA & IAA and without auxins 
was tried and the data are presented in Table 5. The 
data collected on the days required for rooting, percentage 
of shoots with rooting and number of roots/shoot were 
statistically analysed and showed significant variation 
among treatments.
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In full strength MS medium without hormones, root 
initiation took a longer period (35 days) and the percentage 
of shoots showing rooting was very low (46.6 per cent). In 
NAA (0.5 - 2.0 mg/1) and IAA (0.5 - 1.5 mg/1) supplemented 
media rooting occurred in 18-20 days. In MS with IAA
2.0 mg/1 root initiation was significantly superior 
(14 days). The lower concentrations of both NAA & IAA 
(0.5 mg/1 and 1.0 mg/1) gave a very low percentage of 
rooting (59.8 - 65.4) compared to higher concentrations 
(1.5 mg/1 & 2.0 mg/1). In general there was a linear 
increase in rooting percentage with increase in concen­
tration of both the auxins tried. The treatments also 
differed significantly regarding the total number of roots 
produced per shoot. The lowest average number of roots 
(3.6) was counted in full strength MS meditsn without the 
addition of any auxin and it was significantly inferior to 
all other treatments. The number of roots/shoot in IAA 
treatments increased with increase in concentration of the 
hormone and the values ranged from 4.2 to 5.5 in 0.5 and
2.0 mg/1 concentrations respectively. The maximun percentage 
of shoots with rooting (93.1) and the maximum number of 
roots/shoot (5.5) were both observed in full strength MS 
medium with 2.0 mg/1 IAA.



Table 2. Effect of different levels of BAP and 2,4 D 
on culture establishment In rose

Levels Of BAP & 2,4 D (mg/1) Days required 
for bud take

Bud take 
after 10 
days (%)

1, BAP (0.5) + 2,4 D (0.5) 8 70
2. BAP (0.5) + 2,4 D (1.0) 9 75
3. BAP (0.5) + 2,4 D (1.5) - -
4. BAP (0.5) + 2,4 D (2.0) - -
5. BAP (1.0) + 2,4 D (0.5) 8 78
6. BAP (1.0) + 2,4 D (1.0) 8 75
7. BAP (1.0) + 2,4 D (1.5) - -
8. BAP (1.0) + 2,4 D (2.0) - -
9. BAP (1.5) + 2,4 D (0.5) 7 80

10. BAP (1.5) + 2,4 D (1.0) i6 80
11. BAP (1.5) + 2,4 D (1.5) - -
12. BAP (1.5) + 2,4 D (2.0) - -
13. BAP (2.0) + 2,4 D (0.5) 6 82
14. BAP (2.0) + 2,4 D (1.0) 4 85
15. BAP (2.0) + 2,4 D (1.5) 10 60
16. BAP (2.0) + 2,4 D (2.0) - -

F value 5.48 68.68
CD 2.289 2.68

* Significant at 5 per cent level
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Table 3. Effect of different levels of BAP and GA on 
shoot proliferation

Levels of BAP and GA Days Cultures No. of
(mg/1) required for with shoots/

multiple multiple culture
shoot shoots (%)
production

1. BAP (0.5) 38 59.3 2.83
2. BAP (1.0) 37 78.1 3.37
3. BAP (1.5) 35 82.2 3.90
4. BAP (2.0) 34 88.5 4.33
5. BAP (0.5) + GA (0.5) 35 64.5 3.25
6. BAP (0.5) + GA (1.0) 35 57.2 2.45
7. BAP (0.5) + GA (1.5) 34 55.1 1.60
8. BAP (0.5) + GA (2.0) 34 53.3 1.33
9. BAP (1.0) + GA (0.5) 33 80.1 4.38
10. BAP (1.0) + GA (1.0) 34 76.3 2.75
11. BAP (1.0) + GA (1.5) 33 73.1 2.20
12. BAP (1.0) + GA (2.0) 32 68.8 1.98
13. BAP (l.S) + GA (0.5) 32 85.3 4.51
14. BAP (1.5) + GA (1.0) 34 79.6 4.35
15. BAP (1.5) + GA (1.5) 31 77.1 2.38
16. BAP (1.5) + GA (2.0) 32 71.1 2.32
17. BAP (2.0) + GA (0.5) 31 91.1 4.65
18. BAP (2.0) + GA (1.0) 25 94.3 5.25
19. BAP (2.0) + GA (1.5) 32 90.2 4.43
20. BAP (2.0) + GA (2.0) 31 80.2 3.33
Significant F value 4.41 166.19 42.71

C P _______________________2.86________ 2.82 0.517
* Significant at 5 per cent level
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Table 4. Rooting of in vitro derived shoots in 1/2
strength MS medium supplemented with various 
levels of NAA, IBA & IAA

Level of auxins in 
1/2 strength MS 
medium (mg/1)

Days
required 
for rooting

Shoots
rooting

<%)
Number of 
roots/shoot

1. NAA (0.5) 30 82.2 3.23
2. NAA (1.0) 30 84.0 3.47
3. NAA (1.5) 28 79.1 3.45
4. NAA (2.0) 28 76.5 3.40
5. IBA (0.5) 35 69.4 3.19
6. IBA (1.0) 33 71.1 3.20
7. IBA (1.5) 30 62.3 3.16
8. IBA (2.0) 30 60.1 3.00
9. IAA (0.5) 30 82.3 3.41
10. IAA (1.0) 25 84.9 3.50
11. IAA (1.5) 25 79.3 3.45
12. IAA (2.0) 25 74.5 3.39
Significant F value 3.33 3.12 2.81

CD value 4.985 6.98 0.275



Table 5. Rooting of ijn vitro derived shoots In full
strength MS medium supplemented with various 
levels of NAA & IAA

Level of auxins 
in full strength 
MS medium (mg/1)

Days required 
for rooting

Shoots 
rooting (%)

Number of 
roots/shoot

1. Without 
hormones 35 46.6 3.6

2. NAA (0.5) 20 59.8 4.8
3. NAA (1.0) 20 63.2 5.4
4. NAA (1.5) 18 82.3 5.0
5. NAA (2.0) 18 87.9 5.0
6. IAA (0.5) 18 61.1 4.2
7. IAA (1.0) 18 65.4 4.8
8. IAA (1.5) 18 85.4 5.0
9. IAA (2.0) 14 93.1 5.5

F value 19.66 135.99 9.28
CD 4.003 4.045 0.574
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4.2 Mutagen treatments

4.2.1 Direct treatment

The buds treated with EMS immediately before 
culturing on standardised MS medium showed no bud take.
The buds turned brown within a week. Browning of varying 
intensities was observed in all the 4 different stages of 
buds. The untreated buds showed bud take within 5 days 
as well as normal growth and shoot proliferation.

In the buds treated with EMS 2 days after culturing 
the green colour faded immediately after mutagen treatment, 
within one week the buds, turned completely brown. The 
buds of all the four different stages behaved in a similar 
manner. The control buds washed with sterile distilled 
water 2 days after culturing and recultured on fresh MS 
medium also turned pale yellow after a few days and failed 
to have normal growth even though no mutagen treatments 
were given. The few buds which showed bud break performed 
poorly with a delay in multiple shoot production and a 
low rate of multiplication.

The buds treated 4 days and 6 days after culturing 
also exhibited browning as noted above. Of all the four 
different stages of buds treated, the buds excised at the 
time of flower harvest were the most affected. Also, the 
treated and recultured buds were prone to a high rate of

5G
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contamination. Though the EMS treatments were repeated 
by reducing the time of treatment from four to one hour 
none of them yielded favourable results.

4.2.2 Cotton swab method

4.2.2.1 Culture establishment

The data regarding the days required for bud take, 
the percentage bud take after 10 days and the number of 
days taken for the emergence of the first leaf under 
different treatments are presented in Table 6. Statistical 
analysis showed significant difference among treatments 
for percentage of bud take.

Percentage bud take

The four different developmental phases tried 
differed significantly in the percentage bud take. On an 
average, buds excised 4 days after flower harvest showed 
a higher percentage bud take (83.36 per cent) compared to 
buds excised 2 and 6 days after flOT«er harvest and at the 
time of flower harvest (79.44, 66.08 and 75.06 per cent 
respectively). While comparing the effect of the different 
EMS concentrations (0.5, 0.375, 0.25 and 0.125 per cent) 
and control it was found that the lower concentrations 
and control were on par in bud take showing general mean 
values ranging from 79.65 - 80.03 per csnt. Higher 1
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concentrations of EMS (0.375 and 0.5 per cent) differed 
significantly from each other and from other concentrations 
and gave 73.53 and 67.08 per cent bud take respectively.
The bud take decreased with increase in the concentration 
of EMS and also with increase in maturity of buds. The 
interaction between the bud stages and EMS concentrations 
was not significantly different.

4.2.2.2 Enhanced release of axillary buds

The data concerning the days required for the 
initiation of multiple shoots, the percentage of cultures 
with multiple shoots and the average number of shoots/culture 
in the 4 different bud stages treated with 4 different 
concentrations of EMS are depicted in Table 7. Statistical 
analysis of the data gave significant difference for all 
the parameters considered and also in their interactions.

Days required for initiation of multiple shoots

The higher concentrations of EMS (0.5 and 0.375 
per cent) were lethal to the buds excised at the time of 
flotrer harvest and these buds failed to produce multiple 
shoots. In buds excised 2 and 6 days after flower harvest 
also, the higher concentrations of EMS produced unfavourable 
results by prolonging the days taken for multiple shoot 
initiation (53-77 days).
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In buds excised 4 days after flower harvest only 
the highest concentration (0.5 per cent EMS) prolonged 
multiple shoot initiation (33 days) and 0.375 per cent
EMS was on par with that of control (29 days) as it produced
multiple shoots in 23 days. The effect of higher concen­
trations of EMS (0.375 and 0.5 per cent) on the buds 
excised 2 days after flower harvest was on par with the
performance of buds excised 6 days after flower harvest
and treated with 0.25 per cent EMS (53, 56 and 56 days 
respectively). Similarly the days required for multiple 
shoot initiation by the buds excised at the time of flower 
harvest and treated with lower concentrations of EMS were 
on par with the control and lowest concentration 
(0.125 per cent EMS) in buds excised 6 days after flower 
harvest (43, 39, 41 and 43 days respectively). In the 
lower concentrations (0.125 and 0.25 per cent EMS) of the 
buds excised two and four days after flower harvest and 
untreated control buds excised at the time of flower 
harvest, the days for initiation of multiple shoots were 
on par and ranged from 25-30.

Percentage cultures showing multiple shoots

Comparing the general mean it was found that among 
the four different bud stages used, the buds excised 4 days 
after flower harvest gave 86.2 per cent multiple shoots.



This significantly differed from buds excised 2 days 
after flower harvest (81.48 per cent). These two treatments 
were followed by buds excised 6 days after and at the time 
of flower harvest (64.13 per cent and 51.28 per cent 
respectively). On comparing the EMS concentrations and 
control it was found that the control gave the highest 
percentage of cultures with multiple shoots (86.33 per cent). 
In all the different bud stages, the lower concentrations 
were on par having general mean values of 81.9 per cent 
and 81.33 per cent respectively. The general mean of 
multiple shoot formation in 0.375 per cent and 0.5 per cent 
EMS concentrations differed significantly (54.19 and 
50.12 per cent respectively).

The interactions between the bud stages and EMS 
treatments were also found to be significant. The untreated 
buds excised at the time of flower harvest gave the highest 
percentage of cultures with multiple shoots (94.1) which 
differed significantly from all the other treatments. The 
percentage values obtained for treatments of 0.375 and 
0.25 per cent EMS in buds excised 4 days after flower 
harvest were on par with the untreated buds excised 2 days 
after flower harvest (90.2, 89.8 and 90.1 per cent respec­
tively). The lower concentrations of EMS (0.125 and 
0.25 per cent) on buds excised 2 days after flower harvest



and lowest concentration of EMS (0.125 per cent) on buds 
excised at the time of flower harvest and 4 days later 
gave similar values (84.3, 82.6, 82.2 and 85.5 per cent 
respectively). The effect of the highest concentration of 
EMS on the buds excised 4 days after flower harvest was 
found to be on par with the performance of untreated buds 
of the same stage and lovest concentration of EMS 
(0.125 per cent) in buds excised 2 days after flower 
harvest (81.2, 84.3 and 84.3 per cent respectively).
Similarly the lower concentrations of EMS on buds excised 
at the time of flower harvest and 0.25 per cent EMS on 
buds excised 2 days after flower harvest shoved similar 
percentage values (82.2, 80.1 and 82.6 per cent respectively). 
The effects of 0.5 and 0.375 per cent EMS on buds excised 
two days after flower harvest and lower concentrations m  
buds excised six days after flover harvest were on par 
(76.1, 74.3, 73.3 and 75.1 per cent respectively). But 
they differed significantly from the effect of 0.25 per cent 
EMS on buds excised at the time of flower harvest. The 
percentage multiple shoots produced by higher concentrations 
of EMS (0.375 and 0.5 per cent EMS) in buds excised 6 days 
after flower harvest differed significantly from each other 
(52.3 and 43.2 per cent respectively).



Table 6. Bud take analysis
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Bud
stages

Mutagen Days Bud take 
concentra- required for after 10 
tions (,%) bud take days {%)

1Days
required for 
first leaf 
emergence

Control 4 85.0 9
0.125 5 82.3 10

D1 0.25 6 83.0 12
0.375 7 65.6 13
0.5 7 60.0 13
Control 5 83.3 10
0.125 5 83.9 10

D2 0.25 6 84.8 11
0.375 6 75.0 10
0.5 6 70.2 11
Control 5 80.2 8
0.125 5 85.1 9

°3 0.25 5 86.2 9
0.375 5 88.3 10
0.5 6 77.0 10
Control 3 70.1 7
0.125 4 67.3 7

D4 0.25 4 66.1 8
0.375 5 65.8 11
0.5 6 61.1 10
F value NS NS NS

GENERAL MEAN (CM) Table
Percentage bud take
Bud stages

CM 75.06 79.44
' °3 
83.36

°4
66.08

F value 
44.93

CD
value
3.61

EMS con-
centra- 0.5 0.375 
tions

0.25 0.125 C F value CD

CM 67.03 73.53 80.03 79.65 79.65 8.05 5.76



Table 7. Shoot proliferation
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INTERACTION TABLE
Bud
stages

Mutagen Days 
concentra- required 
tions for multi­

ple shoot 
initiation

% cultures 
with multi 
pie shoots

-
Number of
shoots/
culture

D1

Control 25 
0.125 43 
0.25 39 
0.375 - 
0.5 —

94.1
82.2 
80.1

5.22
3.16
3.32

°2

Control 28 
0.125 27 
0.25 30 
0.375 53 
0.5 56

90.1
84.3 
82.6
74.3
76.1

4.42
3.33
3.49
2.16
2.12

°3

Control 29 
0.125 28 
0.25 26 
0.375 23 
0.5 33

84.3
85.5
89.8
90.2
81.2

3.89
4.14
4.34
4.44
3.16

D4

Control 41 
0.125 43 
0.25 56 
0.375 64 
0.5 77

76.8
73.3
75.1
52.3
43.2

2.81
2.53
2.62
1.49
1.17

F value 45.85 
CD 6.603

272.62
3.688

28.04
0.52

GENERAL MEAN (GM) TABLE
a) Percentage cultures with multiple shoots
Bud stages 

GM
D1 D2 ' D3 

51.28 81.48 86.2
°4

64.13
F value CD

value 
620.26 2.127

EMS concen 
trations

GM
“ 0.5 0.375 0.25 

50.12 54.19 81.9
0.125 C 

81.33 86.33
F value CD

value 
723.15 1.842

b) Number of shoots/culture
Bud stages 

GM
D1 D2 D3 
2.34 3.12 3.99

D4
2.12

F value CD
value 

56.53 0.37
EMS concen 
trations

GM
" 0.5 0.375 0.25 

1.61 2.02 3.44
0.125 C 
3.29 4.08

F value CD
value 

134.12 0.26



Number of shoots/culture

Of the four different bud stages used for EMS 
treatments, buds excised 4 days after flower harvest gave 
an average of 3.99 shoots per culture followed by buds 
excised 2 days, at the time of and 6 days after flower 
harvest (3.12, 2.34 and 2.12 respectively). Comparing 
the untreated and EMS treated buds, the untreated buds 
gave an average shoot number of 4.08, followed by the 
lover concentrations of EMS (3.44 and 3.29 respectively) 
which were on par. The higher concentrations of EMS 
(0.375 and 0.5 per cent) gave an average shoot number of
2.02 and 1.61 respectively which differed significantly.

Interactions between the bud stages and EMS treat­
ments for multiple shoot number showed significant 
differences. The untreated buds excised at the time of 
flower harvest gave an average of 5.22 shoots per culture.
The number of shoots produced in 0.375, 0.25 and 0.125 
per cent EMS treated buds excised 4 days after flower 
harvest were on par with the untreated buds excised 2 days 
after flower harvest (4.44, 4.34, 4.14 and 4.42 respectively). 
The number of shoots produced in the lower concentrations 
of EMS treated buds excised 4 days after flower harvest 
was on par with that produced by untreated buds of the 
same stage (4.14, 4.34 and 3.89 shoots/culture respectively). 
The shoot nunbers observed in the lower concentrations of
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EMS (0.125 and 0.25 per cent) in buds excised at the time 
of and 2 days after flower harvest were on par (3.16, 3.32,
3.33 and 3.49 respectively). They were also on par with 
the shoot number (3.16) observed in the 0.5 per cent EMS 
treated buds excised 4 days after flower harvest. The 
shoot number in control and lower concentrations of the 
buds excised 6 days after flower harvest were on par (2.81, 
2.62 and 2.53 respectively). The higher concentrations 
of EMS treatments gave a low shoot number (1.17 and 1.49 
respectively) and they also differed significantly from 
the other treatments.

4.2.2.3 Growth Analysis

A. Main shoot

The shoot length measurements taken on the 15th,
30th, 45 th and 60th day after bud take under different 
treatments are presented in Table 8.1. Statistical analysis 
showed that the bud stages and EMS treatments did not 
produce any significant difference when considered 
separately, but their interaction showed significance.

Length of shoot

The shoot length in the buds excised at the time 
of flower harvest ranged from 1.43 (0.5 per cent EMS) to
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3.08 (control). Excepting for treatment with 0.25 concen­
tration all others showed significant difference from the 
control, in concentrations of EMS 0.125 and 0.25 per cent 
(2.45 and 2.70 respectively) and 0.375 and 0.5 (1.50 &
1.43 an respectively) shoot length showed no significant 
difference between themselves. The higher concentrations 
of EMS (0.5 and 0.375 per cent) showed significantly lower 
values compared to all the other treatments.

In buds excised two days after flower harvest there 
was no significant difference in shoot length between the 
different concentrations of EMS and also with control.
The values ranged from 2.45 an in 0.5 per cent EMS to
3.0 an in control. The same trend was noticed in buds 
excised 6 days after flower harvest where the range was 
from 2.2 cm in 0.125 per cent EMS to 2.5 cm in 0.25 per cent 
EMS. In buds excised 4 days after flower harvest.
0.375 per cent EMS showed a maximum value (3.31 an) which 
was significantly different from that of the control 
(2.6 an), but among the different concentrations of EMS 
no significant variation in shoot growth was observed.

Comparing the effect of higher concentrations 
(0.5 and 0.375 per cent EMS) in the 4 different bud stages, 
it was found that the buds excised at the time of flower 
harvest showed reduced shoot growth. The different bud

G6
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stages did not show significant variation in shoot growth 
in low concentrations (0.25 and 0.125 per cent) of EMS 
and controls.

Number of leaves

The number of leaves in the main shoot was also 
recorded at 15 days interval for 2 months and the tabulated 
data are presented in Table 8.2. Statistical analysis 
showed that the bud stages did not have a significant 
influence on the production of leaves, while the EMS 
treatments and the interaction of bud stages and EMS 
treatments showed significant difference.

On comparing the effect of different EMS concentra­
tions and control on the leaf production, it was observed 
that the general mean in control and lower concentrations 
(0.25 and 0.125 per cent) were on par (9.19, 8.56 and
8.44 respectively) but control differed significantly 
from the higher concentrations of EMS (0.5 and 0.375 per cent) 
which gave an average leaf number of 6.63 and 7.63 respec­
tively.

Considering the interactions it was observed that 
m  buds excised at the time of flower harvest, the higher 
concentrations of EMS showed a low leaf number of 3.75 and
3.25 respectively and in the lower concentrations and
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control the leaf number varied from 9-10. In the buds 
excised 2 days after flower harvest, the average number of 
leaves in the highest concentration of EMS (0.5 per cent) 
was low (5.75) and in the other concentrations (0.375,
0.25 and 0.125 per cent EMS) and control the leaf nunber 
was on par (8.75, 8.5, 9.0 and 9.5 respectively). The 
buds excised 4 days after flower harvest and treated with 
0.375 per cent EMS gave a high average leaf number of
11.25 and in the other concentrations of EMS and control 
the average leaf number was on par and varied from 
6.25-9.25. In buds excised 6 days after flower harvest, 
the average leaf number ranged from 6.75-8.5 in 0.375 per cent 
EMS and control respectively.

On comparing the higher concentrations of different 
bud stages it was found that the buds excised 4 and 6 days 
after flower harvest showed a higher leaf number (8-11).
In the first, second and third bud stages treated with 
lower concentrations of EMS (0.25 and 0.125 per cent) the 
nunber of leaves were on par.

B. Side shoots

The height measurements of the multiple shoots 
recorded on the 15th, 30th, 45th and 60th day from the 
date of initiation are presented in Table 9.1. Statistical
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analysis showed no significance for bud stages, while the 
EMS treatments and the interaction of the bud stages with 
EMS concentrations showed significant variation.

Length of shoot

The general mean for length of shoot were on par 
in the lower concentrations of EMS (0.125 and 0.25 per cent) 
and control (1.93, 2.09 and 2.20 cm respectively). In the 
higher concentrations of EMS (0.375 and 0.5 per cent) the 
general mean differed significantly from each other (1.38 
and 1.08 cm respectively) and also frcm other treatments.

Under the first stage of bud development the shoot 
length in 0.25 per cent of EMS (2.05 an) was on par with 
control (2.43 cm). In the lowest concentration of EMS 
(0.125) shoot length (1.65 cm) differed significantly frcm 
control. The higher concentrations (0.5 and 0.375 per cent 
EMS) failed to produce any multiple shoots as mentioned 
earlier. In the second stage of bud development also, the 
lower concentrations and control were on par and the higher 
concentrations (0.5 and 0.375 per cent EMS) differed 
significantly frcm other concentrations and control.

In the third stage of bud development 0.375 per cent 
EMS treatment showed a value of 2.68 an which was signi­
ficantly different from control value (2.03 an), but was
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on par with lower concentrations of EMS (2.45 and 2.43 cm 
respectively). Control was on par with shoot length in 
0.5, 0.25 and 0.125 per cent EMS concentrations. The 
shoot length in highest concentration of EMS (1.90 cm) 
differed significantly from the other EMS treatments. In 
the fourth stage of bud development, the lower concentra­
tions of EMS and control vrere on par. But shoot length in 
control differed significantly from the higher concentrations 
Of EMS.

Comparing the four different bud developmental 
stages it can be noted that 0.375 EMS treatment showed 
the highest value (2.68 an) for shoot length in the third 
bud stage. The effects of lower concentrations of EMS on 
the first and second bud stages were on par. The effect 
of lower concentrations of EMS on second and third bud 
stages differed significantly from the fourth bud stage.
The untreated controls of all the four different bud stages 
were on par.

Nunber of leaves

The tabulated data on the nunber of leaves in the 
multiple shoot recorded at 15 days interval from the date 
of multiple shoot initiation is presented in Table 9.2.
On statistical analysis, no significance was observed for
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the different bud stages but significant difference was 
observed among the different concentrations and also for 
the interaction between EMS treatments and bud stages.

Comparison of the general mean for leaf number in 
different EMS concentrations and control showed that the 
lower concentrations ie. 0.125 per cent and 0.25 per cent 
did not differ significantly from control (7.88 and
8.25 respectively). Significant difference was observed 
m  the general mean between 0.375 and 0.5 per cent EMS 
concentrations (5.75 and 4.31 respectively). Considering 
the interaction it was found that in buds excised at the 
time of flower harvest, the higher concentrations of EMS 
(0.375 and 0.5 per cent) did not produce multiple shoots.
So leaf number could not be recorded. In the multiple 
shoots produced by control and in lower concentrations of 
EMS the number of leaves ranged from 6-8. In buds excised 
2 days after flower harvest, higher concentrations of EMS 
gave an average of 5.75 to 6.75 leaves in a two month 
culture period. In lower concentrations of EMS and 
untreated control buds the number of leaves was 7.0-8.5.
In buds excised 4 days after flower harvest the leaf number 
ranged from 8.0-10.25 in control and lower concentrations 
of EMS while in 0.5 per cent EMS, the average leaf number 
was 6.5. In buds excised 6 days after flower harvest, the
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lower concentrations and control gave an average leaf 
number of 7.5-8.5. In higher concentration the multiple 
shoots showed a lower leaf number (5-6).

In general, the 0.5 per cent EMS treatment showed 
a low leaf number in all bud stages. The leaf number for 
the highest concentration was significantly lower to all 
other treatments in the third bud stage while for the 
second and fourth bud stages, its leaf number was signifi­
cantly lower to control and the two lower concentrations 
of 0.125 and 0.25.

4.2.2.4 Analysis of rooting pattern

The days required for rooting, the percentage of 
shoots showing rooting and the average number of 
shoots/culture are presented in Table 10. Statistical 
analysis showed significant difference for all these 
characters.

Number of days required for rooting

In shoots separated and cultured on the standardised 
rooting medium, the number of days required for rooting 
ranged from 15.67-36.30. In buds excised at the time of 
flower harvest the average number of days required for 
rooting was on par in 0.125 and 0.25 per cent EMS (21 and 
24.67 respectively). But the shoot from untreated buds
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required only an average of 15.67 days for rooting. In 
buds excised 2 days after flower harvest, the number of 
days required for rooting was on par in the two lower 
concentrations and higher concentrations. But the higher 
concentrations (0.375 and 0„5 per cent EMS) differed 
significantly from the lower concentrations (0.125 and 
0.25 per cent EMS) in the number of days required for 
rooting (31.33, 31.00, 23.67 and 23.33 respectively). The 
shoots from untreated buds rooted within 18 days and 
differed significantly from the number of days required 
for rooting in the shoots from treated buds. In buds 
excised 4 days after harvest the shoots from 0.375 per cent 
EMS and 0.25 per cent EMS treated buds and untreated buds 
rooting occurred within 21.67 to 22 days. The shoots in 
0.5 per cent EMS treated buds differed significantly from 
all other treatments and required an average of 31.33 days 
for rooting. In buds excised 6 days after flower harvest, 
the lower concentrations and control rooted within 
22.67-26.00 days. The higher concentrations (0.5 and 
0.375 per cent EMS) differed significantly from lower 
concentrations and control and required an average of
36.3 and 31 days respectively for rooting.

Percentage shoots showing rooting

Among the 4 bud stages used for EMS treatments, the
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general mean for percentage shoots rooting was highest in 
buds excised 4 days after flower harvest (87.41 per cent) 
followed by buds excised 2 days after flower harvest 
(78.99 per cent) buds excised 6 days after flower harvest 
(69.95 per cent) and buds excised at the time of flower 
harvest (52.13 per cent). Untreated shoots showed a 
rooting percentage of 85.63 per cent which significantly 
differed from treated (0.125, 0.25, 0.375 and 0.5 per cent 
EMS) shoots. EMS treatments of 0.125 per cent and 
0.25 per cent shoved rooting percentage values of 
82.64 per cent and 83.50 per cent respectively which were 
on par. The higher concentrations (0.375 and 0.5 per cent 
EMS) showed significant difference in rooting percentages 
(57.53 and 51.3 per cent respectively).

Comparing the interactions it was found that the 
shoots from untreated buds excised at the time of flower 
harvest and shoots from 0.375 and 0.25 per cent EMS treated 
buds excised 4 days after flower harvest gave rooting 
percentages which were on par (93.06, 91.17 and 90.83 per cent 
respectively). In buds excised at the time of flower 
harvest, the percentage shoots rooting in lower concentra­
tions of EMS and control differed significantly from each 
other (82.4, 85.2 and 93.06 per cent respectively). The 
percentage shoots rooting were on par in buds excised
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2 days after flower harvest and treated with 0.25 per cent 
of EMS and control (83.97 and 82.6 per cent respectively).
In the higher concentrations of EMS the percentage shoots 
rooting (74.9 and 72.3 per cent respectively) differed 
significantly frcm each other and from the lower concen­
trations of EMS and control. In buds excised 4 days after 
flower harvest the rooting percentage in 0.25 and 
0.375 per cent EMS were on par (90.83 and 91.17 per cent 
respectively) but they differed significantly from the 
other treatments and control. In buds excised 6 days 
after flower harvest the rooting percentages differed 
significantly in all the treatments.

Number of roots/shoot

Comparing the general mean for number of roots/shoot 
in the four bud stages it was found that the buds excised 
2 days after and 4 days after flower harvest were on par 
(4.07 and 4.18 respectively) but differed significantly 
from buds excised at the time and 6 days after flower 
harvest (2.75 and 3.09 respectively). The general mean 
for nimber of roots/shoot were on par in the lower concen­
trations of EMS and control (4.10, 4.19 and 4.28 respectively) 
but differed significantly from the higher concentrations 
(2.68 and 2.36 respectively).
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In buds excised at the time of flower harvest, the 
number of roots/shoot in control was significantly different 
frcm lower concentrations of EMS (5.06, 4.2 and 4.47 
respectively), in buds excised 2 days after flower harvest, 
the number of roots/shoot were on par in control and lower 
concentrations of EMS (4.57, 4.7 and 4.50 respectively).
The higher concentrations were on par among themselves 
for the number of roots/shoot (3.37 and 3.21 respectively) 
but differed significantly from the lower concentrations 
and control. In buds excised 4 days after flower harvest, 
the number of roots/shoot were on par in control, 0.125,
0.25 and 0.375 per cent EMS (4.04, 4.30, 4.50 and 4.52 
respectively) but in 0.5 per cent EMS the number of 
roots/shoot differed significantly from other treatments. 
Buds excised 6 days after flower harvest showed the same 
trend as in buds excised 2 days after flower harvest.
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Table 8. Growth Analysis of Main Shoot 

8.1. Length of shoot

Bud Mutagen Length of shoot (an)
stages concen­

trations 15 th 
day

30th
day

45th
day

60th
day

Mean

Control 1.4 2.2 3.4 5.3 3.08
0.125 1.2 1.9 2.8 3.9 2.45

D1 0.25 1.3 2.1 3.1 4.3 2.70
0.375 1.1 1.5 1.7 1.7 1.50
0.5 1.1 1.4 1.6 1.6 1.43
Control 1.6 2.3 3.2 4.9 3.00
0.125 1.7 2.2 3.1 4.4 2.85

D2 0.25 1.5 2.6 3.3 4.6 3.00
0.375 1.6 2.4 3.0 3.5 2.63
0.5 1.5 2.3 2.8 3.2 2.45
Control 1.9 2.1 2.8 3.6 2.60
0.125 1.8 2.2 3.6 4.7 2.95

D3 0.25 1.7 2.3 3.2 4.8 3.00
0.375 2.0 2.6 3.8 5.1 3.31
0.5 1.9 2.4 3.4 3.6 2.83
Control 2.0 2.3 2.5 3.1 2.48
0.125 1.8 2.1 2.3 2.6 2.20

°4 0.25 1.9 2.4 2.8 3.2 2.58
0.375 1.6 2.1 2.8 2.9 2.35
0.5 2.0 2.5 2.6 2.7 2.48
F value 

CD value
3.72
0.604



(
■78

Table 8.2. Leaf number
INTERACTION

Bud Mutagen ! O' <D ►1-------r — ...
of leaves

stages concentra­
tions 15th

day
30th
day

45th
day

60th
day

Mean

Control 4 8 12 28 10.50
0.125 3 8 10 14 8.75

D1 0.25 3 7 11 15 S*00
0.375 3 4 4 4 3.75
0.5 2 3 4 4 3.25
Control 6 8 10 14 9.50
0.125 6 7 11 12 9.00

°2 0.25 5 7 10 12 8.50
0.375 6 8 10 11 8.75
0.5 5 4 6 8 5.75
Control 5 7 9 12 8.25
0.125 4 7 10 13 8.50

°3 0.25 6 8 11 14 9.75
0.375 6 10 12 17 11.25
0.5 5 9 10 12 9.00
Control 5 8 10 11 8.50
0.125 4 6 9 11 7.50

°4 0.25 4 5 8 11 7.00
0.375 5 6 7 9 6.75
0.5 6 9 9 10 8.50
F value 6.45

CD value 2.18
GENERAL MEAN (GM) TABLE
Leaf number
EMS concen- n c 
trations 0.375 0.25 0.125 C F value CD

GM • 6.63 7.63 8.56 8.44 9.19 6.66 1.08
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Table 9. Growth Analysis of Multiple Shoots 
9.1. Length of shoot

INTERACTION
Bud
stages

Mutagen
concen­

Length (cm) from date of 1st multiple 
shoot production

trations 15 30 45 60 Mean
Control 1.2 1.8 2.6 4.1 2.43
0.125 0.8 1.3 1.6 2.9 1.65

D1 0.25 0.9 1.4 2.8 3.9 2.05
0.375 0 0 0 0 0
0.5 0 0 0 0 0
Control 1.1 1.8 2.6 3.8 2.33
0.125 1.0 1.6 2.1 3.3 2.00

D2 0.25 1.2 1.9 2.5 3.7 2.33
0.375 0.6 1.1 2.0 2.4 1.53
0.5 0.5 0.9 1.8 2.1 1.33
Control 1.0 1.6 2.1 3.4 2.03
0.125 1.2 1.8 2.8 3.9 2.43

D3 0.25 1.5 1.9 2.4 4.0 2.45
0.375 1.3 1.9 2.9 4.6 2.68
0.5 1.8 1.5 2.4 2.9 1.90
Control 1.4 1.9 2.1 2.7 2.03
0.125 1.2 1.4 1.9 2.0 1.63

D4 0.25 0.9 1.3 1.8 2.2 1.55
0.375 0.3 1.1 1.4 1.9 1.30
0.5 0.4 0.9 1.3 1.7 1.08
F value 7.78

CD value 0.533
GENERAL MEAN (GM) Table

EMS concen- 0 s 
trations * 0.375 0.25 0.125 C F value CD

value
CM 1.08 1.38 2.09 1.93 2.2 26.89 0.267
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Table 9.2. Leaf number

INTERACTION

Bud Mutation 1 Number of leaves
stages concen­

tration 15 th 
day

30th
day

45th
day

60th
day

Mean

Control 4 6 8 14 8.00
0.125 2 5 8 9 6.00

D1 0.25 3 4 8 10 6.75
0.375 - - - - -
0.5 - - - - -
Control 5 8 9 12 8.50
0.125 3 6 9 10 7.00

°2 0.25 4 6 10 11 7.75
0.375 3 5 9 10 6.75
0.5 2 5 7 9 5.75
Control 4 7 10 11 8.00
0.125 4 8 10 11 8.25

D3 0.25 5 10 11 12 9.50
0.375 6 10 12 13 10.25
0.5 3 5 8 10 6.50
Control 4 9 10 10 8.50
0.125 4 8 9 10 7.75

D4 0.25 3 7 10 10 7.50
0.375 3 6 7 8 6.00
0.5 2 5 5 8 5.00
F value 9.30

CD value 1.646
GENERAL MEAN (GM) Table
EMS concen- n c 
trations u,:5 0.375 0.25 0.125 C F value CD

value
GM 4.31 5.75 7.88 7.25 8.25 31.86 0.823
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Table 10. Rooting pattern under in vitro conditions
INTERACTION

Bud Mutagen 
stages concentra­

tion
Days
required 
for rooting

Shoots
rooting

(%)

Number of 
roots/shoot

Control 
0.125 

D 0.25 
1 0.375 

0.5

15.67 
21.00
24.67

93.06
82.40
85.20

5.06 
' 4.20 

4.47

Control 
0.125 

D_ 0.25 
 ̂ 0.375 

0.5

18.00
23.67
23.33 
31.00
31.33

82.60
81.13
83.97
74.90
72.30

4.57
4.70
4.50
3.37
3.21

Control 
0.125 

D 0.25 
J 0.375 

0.5

21.67
26.33
21.67 
22.00
31.33

84.93
87.60
90.83
91.17
82.50

4.04
4.30
4.50
4.52
3.54

Control
0.125

Dd °*250.375
0.5

26.00
22.67
26.00
31.00
36.30

81.87
79.43
74.00
64.03
50.40

3.45
3.21
3.27
2.82
2.70

F value 
CD value

15.47
3.85

958.77
2.025

54.37
0.438

GENERAL MEAN (GM) TABLE
Percentage shoots rooting
Bud stages

GM 52.13
°2

78.99
°3

87.41
°4

69.95
F value CD

value 
789.94 1.75

EMS con- 
centra- 0.5 
tions

0.375 0.25 0.125 C F value CD
value

GM 51.3 57.53 83.50 82.64 85.63 2169.23 1.01
Number of roots/shoot
Bud stages

GM 2.75
°2

4.07
D3
4.18

D4
3.09

F value CD
value 

87.98 0.248
EMS concen- n  ̂
trations * 0.375 0.25 0.125 C F value CD

value
GM 2.36 2.68 4.19 4.10 4.28 148.13 0.219
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DISCUSSION

The results emanated during the present investigation, 
to standardise a suitable culture medium, the best develop­
mental phase of the explant material and also to identify 
the suitable mode of chemical mutagen treatment adopting 
in vitro culture technique for rose are discussed below.

5.1 Standardisation of culture medium

The standardisation of different levels of hormones 
was done at 3 phases of explant development viz. culture 
establishment, axillary bud proliferation and root 
development by using MS as the basal medium. Cytokinins 
and auxins are the two types of hormones required for 
shoot growth. Although shoots grown in vitro (Koda and 
Okazawa, 1980) are capable of synthesising a small quantity 
of cytokinin, roots are the principal site of cytokinin 
biosynthesis. It is unlikely that the meristem shoot tip 
and bud explants have sufficient endogenous cytokinin to 
support growth and development and so cytokinins must be 
added to the culture medium. In the case of auxins, if 
relatively large shoot tip explants from actively growing 
plants are used exogenous auxins are not needed in the 
establishment phase (Kusey et al., 1980; Lane, 1979a).
But if resting buds and meristems of 0.4 mm size or less
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are used enough endogenous auxins for shoot growth may not 
be produced and hence in these cases auxins need to be 
added (Dale, 1977b; Ziv, 1979; Evans, 1981).

5.1.1 Culture establishment

In the culture establishment phase different 
combinations of the cytokinin BAP (0.5, 1.0, 1.5 and 
2..0 mg/1) and auxin 2,4-D (0.5, 1.0, 1.5 and 2.0 mg/1) 
were tried. The results clearly indicated that the 
combination of BAP, 2.0 mg/1 + 2,4—D 1.0 mg/1 was the best 
compared to other combinations as it gave a maximum bud 
take of 85 per cent in a minimum of 4 days. The auxin 
2,4-D was used successfully in combination with cytokinin 
in other plants also such as Dactylls glomerata, and 
Festuca sp., (Dale, 1977b) and Lolium multlflorum (Dale, 
1977a). The most potent auxin is 2,4-D which stimulates 
callus formation but at the same time strongly antagonises 
organised development. This might be the reason for the 
heavy callusing observed when 2,4-D level increased above
1.0 mg/1 in the present study. Hill (1967b), Street (1979) 
and Engvild (1978) suggested that high levels of auxins 
and in particular 2,4-D tend to suppress morphogenesis. 
Induction of callus by higher levels of auxin was also 
reported by Kireeva et al. (1977) in rose variety i 
Krymskaya krasnaya. It was also found that an increase
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in 2,4-D level accompanied by a simultaneous increase in 
BAP reduced callusing. So when the combination of BAP 
2.0 mg/1 + 2,4-D 1.5 mg/1 was used, bud take occurred but 
with a delay of about 6 days. The addition of auxins 
other than 2,4-D (IBA, NAA etc.) to BAP to obtain better 
culture establishment has also been reported in 
Arachis hypogea (Kartha et al., 1981b), Coffea arablca 
(Kartha et al., 1981a), Dianthus caryophyllus (Roest and 
Bokelmann, 1981), Malus sp. (James and Thurbon, 1981),
Rosa hybrida (Hasegawa, 1980), Rosa sp. (Skirvin and Chu, 
1979a), rose cultivar 'Joyfulness' (Pitlet and Mancousin, 
1982), Santalum sp. (Barlass et al., 1980) and 
Solanum etuberosim (Towill, 1981).

5.1.2 Axillary bud proliferation

In axillary bud proliferation cytokinin is utilised 
to overcome the apical dominance of shoots and to enhance 
the branching in lateral buds from leaf axils (Hasegawa, 
1980). The effective concentration of exogenous cytokinin 
required to reverse apical dominance varies with the 
culture systems. In general BAP appears to be the most 
effective cytokinin for stimulating axillary shoot prolife­
ration (Hasegawa, 1979; Davies, 1980; Skirvin Chu, 1979b).

In the present study, the addition of BAP 2.0 mg/1 
alone to the medium gave a fairly high percentage of
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cultures with multiple shoots and the average number of 
shoots per culture was around 4. Good shoot proliferation 
was reported in a nunber of cases when b ap alone was used 
as in Anthurlum andreanum (Kunisake, 1980), strawberry 
(Kartha et al,, 1980), Gypsophlla panlculata (Kusey et al., 
1980), Phaseolus vulgaris (Kartha et al., 1981b),
Prunus clstena (Lane, 1979a), Santalum sp. (Barlass et al.,
1980), Splnea bumalda (Lane, 1979b), Stevla rebaudiana 
(Yang, 1981), Rosa indica (Avramis, 1982a) and hybrid tea 
(Alekhno, 1980a).

The addition of low concentrations of GA to the 
BAP supplemented medium gave positive results. GA at the 
level of 0.5 mg/1 along with BAP 0.5, 1.0, 1.5 or 2.0 mg/1 
gave better results compared to BAP alone added to the 
medium. But when the level of GA increased and BAP remained 
at the concentrations 0.5, 1.0 or 1.5 mg/1, the percentage 
of cultures with multiple shoots and the average number of 
shoots/culture were lower than that obtained when BAP 
alone was added to the medium.BAP at 2.0 mg/1 along with 
GA at the concentrations frcm 0.5 to 1.5 mg/1 produced 
favourable results. A further increase in GA reduced the 
percentage of cultures with multiple shoots and the average 
shoot number/culture. This indicates the existence of 
sane sort of interaction between BAP and GA. A similar
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effect due to increase in GA concentrations has also been 
reported by Rout et al. (1989) in the Rosa hybrida 
cv. Landora. Cai et al. (1984) also observed effective 
shoot proliferation when a combination of BAP and GA was 
used m  Rosa chinensis. Wochok and Sluis (1980) observed 
that a topical treatment of shoot explants of Atriplex 
with GA was effective not only m  stimulating shoot elonga­
tion but also in enhancing shoot multiplication beyond that 
of the most effective auxin-cytokinin combination. Valles 
and Boxus (1987) found that GA at 1.0 mg/1 enhanced axillary 
branching in Rosa hybrida cvs. A combination of BAP and 
GA was also successful in other crops such as Beta vulgaris, 
Fragaria vlrginiana x F. chiloensis. Phlox subulata. and 
raspberry (Atanassov, 1980; James, 1979; Schnabdrauch and 
Sink, 1979).

Efficient shoot proliferation was reported by several 
workers in rose when a combination of BAP and an auxin in 
low concentrations was used (Hasegawa, 1979; Skirvin and 
Chu, 1979; Davies, 1980; Avramis et al., 1982a; Khosh Khui 
and Sink, 1982b; Pitlet and Mancousin, 1982; Bini et al., 
1983; Barve et al., 1984; Louwaars, 1984 and Damiano et al.. 
1987).

In vitro rooting

The purpose of this stage is to induce de novo



regeneration of adventitious roots from shoots obtained 
m  the previous stage and this root initiation depends on 
a low cytokinin - high auxin ratio.

When the salt concentration in the medium is lowered 
to 1/2, 1/3 or 1/4 of the standard strength, rooting becomes 
abundant (Lane, 1979b; Skirvin and Chu, 1979). In the 
present study rooting was first tried in 1/4 strength MS 
medium supplemented with 3.0 mg/1 IBA as reported by 
Vijaya et al. (1985) in rose. Hare rooting occurred after 
1 month but the leaves gradually turned yellow and dropped 
off. Although, lower salt concentration in a medium may 
be beneficial to root induction, it sometimes results in 
poor top growth. Wang (1978) observed that a 1/4 strength 
of MS medium stimulated 100 per cent rooting in 
Cryptomeria japonica, but resulted in poor shoot growth. 
Callusing also was observed at the base of the shoot when
3.0 mg/1 IBA was used. When the auxin concentration is 
too high, callus will form at the shoot base Which inhibits 
normal root development (Lane, 1979a). Thimann (1977) 
reported that in general high auxin concentration will 
inhibit the root elongation. A reduction in the auxin 
concentration decreased the callus formation, but the 
yellowing of leaves continued. This may be due to the 
reduction m  salt concentration.



88

When rooting was tried in 1/2 strength MS medium, 
the leaves retained their green colour for a little longer 
than the previous trial, but still had an unhealthy 
appearance. The auxins tried were NAA, IBA & IAA each at 
0.5, 1.0, 1.5 and 2.0 mg/1 levels. Of these, IBA supple­
mented cultures exhibited a comparatively poor performance. 
But successful rooting has been reported in Coffea arabica 
and Malus sp. using low concentration of IBA in 1/2 strength 
MS medium (Kartha et al., 1981a; Snir and Erez, 1980). 
Several species such as Cynara scolymus (Ancora et al.,
1981), Grevllba rosmarlnfolla (Ben Jaacov and Dax, 1981), 
Prunus clstena (Lane, 1979a), Pyrus communis (Lane, 1979c), 
Splrea bumalda (Lane, 1979b), rose cvs ‘Forever Yours' 
(Skirvrn and Chu, 1979), 'Improved Blaze* (Hasegawa, 1980) 
and Rosa lndica major (Avramis et al., 1982b) produced an 
efficient root system in NAA supplemented MS medium.
Khosh Khui and Sink (1982c) and Barve et al., 1984) obtained 
good rooting using IAA in rose cvs. "Bridal Pink" and 
"Crimson Glory".

In the present study in vitro derived shoots of rose 
were also cultured on full strength MS medium supplemented 
with the auxins NAA and IAA (0.5, 1.0, 1.5 and 2.0 mg/1) 
to improve the top growth. Here it was found that root 
initiation occurred much earlier than the previous
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treatments. IAA (2.0 mg/1) initiated roots in just 14 days. 
When 1/2 strength medium was used, higher doses of auxins 
decreased the percentage rooting and the average msnber of 
roots/shoot. But, in full strength medium higher doses 
gave better results than lower doses. This indicates that 
when the salt concentration is low a lower level of auxin 
can initiate rooting, but when salt concentration increases, 
the same auxin is required at a slightly higher dose to 
initiate rooting. The shoots appeared healthy which may 
be due to the increase in salt concentration. Good rooting 
was obtained in full strength MS medium supplemented with 
IAA in Atnplex canaescens (WoChok and Sluis, 1980),
Citrullus lanatus (Barnes, 1979), Dianthus caryophyllus 
(Roest and Bokelmann, 1981) and Tectona grand!s (Gupta et al., 
1980). Brassica campestns, Carlca papaya. Gladiolus sp.,
Hosta decorata. Phlox subulata. Willow and Stevia rebaudlana 
produced good root system in MS medium supplemented with 
NAA (Kuo and Tsay, 1977; Litz and Conover, 1978; Ziv, 1979; 
Papachatzi et al., 1981; Sehnabelrauch and Sink, 1979; 
Bhojwani, 1980; Yang, 1981).

Successful rooting in full strength MS medium 
without hormones has been reported in Chrysanthemum morifollum 
(Earle and Langhans, 1974) and Eucalyptus citriodora 
(Gupta et al., 1981).
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In the present study m  MS medium without hormones, 
though rooting occurred it was at a delayed date. The 
rooting percentage was poor and average number of roots/shoot 
was also low compared to those in which hormones were added. 
This indicates the importance of hormones in initiating 
roots frcm in vitro derived shoots.

5.2 Mutagen treatments

5.2.1 Direct treatment

The axillary buds responded very poorly to this 
method of mutagen treatment. The buds of all the 4 maturity 
groups showed browning but at varying degrees. The browning 
was severe in the buds excised at the time of flower harvest 
followed by buds excised 2 days, 4 days and 6 days after 
flower harvest. The intense browning observed in the buds 
excised at the time of flower harvest may probably be due 
to the small size of the buds. Though browning occurred 
m  buds excised 2,4 & 6 days after the harvest, its 
intensity was low. Since the control buds showed bud take 
and normal growth, the browning can be attributed to the 
direct effect of the mutagen. Similar damage due to 
higher dose of mutagen (EMS) has also been reported in 
Weigela cv Bristol Ruby (Duron & Decourtye, 1986) and 
Arctostaphylos (Duskova et al., 1988). In the buds treated
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2 days, 4 days and 6 days after culturing also, browning 
occurred after EMS treatment. The buds cultured on MS 
medium remained green and intact upto the EMS treatment 
and when the treated buds were recultured on fresh MS 
medium, browning occurred within one week. Browning 
occurred at all stages of buds with varying intensities. 
The control buds washed in sterile water and recultured 
also failed to produce normal growth. This indicates 
that even the slightest disturbance of the bud during the 
first few days of culturing can be fatal. The treated 
and recultured buds vere also prone to high rate of 
infection. During treatments, the buds belonging to a 
particular treatment were washed together and so there was 
a high chance of contamination. Moreover usually contami­
nation occurs in culture medium during the first 10 days.

5.2.2 Cotton swab method

5.2.2.1 Culture establishment

The buds seemed to respond well to this method of 
mutagen treatment. The bud take analysis revealed no 
pronounced difference in the days required for bud take 
and the days required for the initiation of the first leaf 
between the various treatments tried. In buds excised 4 
days after harvest, the treated as well as the control
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buds showed a higher bud take percentage than in buds 
excised at the time and 2 days after flower harvest.

The bud take percentage was lowest in buds excised 
6 days after flower harvest probably because of a higher 
rate of contamination observed. The greater incidence of 
contamination in buds excised 6 days after may be due to 
lack of proper sterilisation as the size of the bud or 
explant was slightly large. Report of infection due to a 
larger size of explant was made by Mellon and Stace-Smith 
(1977). They found that buds more than 0.7 mm long were 
prone to greater infection in potato.

The bud take percentages of 0.125 and 0.25 per cent 
EMS and control were on par while those of 0.375 and 
0.5 per cent EMS was much lower indicating the sensitivity 
of the buds to higher concentrations of the mutagen. 
Similar decrease in survival percentages with increase in 
mutagen concentration was reported by Kleffel et al. (1987) 
m  Polnsettla.

5.2.2.2 Enhanced release of axillary buds

The multiple shoot production was remarkably 
influenced by the bud stages as well as the EMS treatments. 
A delay in the initiation of multiple shoots was observed 
with an increase in the size or maturity of the bud and



93

concentration of EMS. The buds excised 6 days after flower 
harvest and treated with higher doses of EMS required the 
maximum time for initiation of multiple shoots. In buds 
excised 4 days after flower harvest an increase in EMS 
concentration upto 0.375 per cent did not produce much 
delay in the initiation of multiple shoots and they were 
on par with the control. In buds excised 2 days after 
flower harvest the delay in multiple shoot initiation was 
pronounced above 0.25 per cent EMS. In buds excised at 
the time of flower harvest even low concentrations of 
0.25 per cent EMS delayed multiple shoot initiation while 
it was completely inhibited at higher doses. In mustard. 
George and Rao (1979) reported that EMS had an inhibitory 
effect on shoot regeneration while gamma rays above 2 kr 
suppressed shoot regeneration but stimulated callus growth. 
High EMS doses decreased shoot proliferation in grapes 
(Kim et al., 1989).

The buds excised 6 days after flower harvest 
exhibited a poor performance compared to the buds excised 
after 4 days, 2 days and at the time of flower harvest.
The higher doses of EMS still worsened their performance 
while lower doses were on par with control. EMS treatment 
at a concentration of 0.375 per cent had a stimulatory 
effect on the buds excised 4 days after flower harvest.



Here the buds treated with 0.375 and 0.25 per cent EMS 
gave a higher percentage of cultures with multiple shoots 
and the average number of shoots/culture was also greater 
than that of the control. Here the buds treated with 
concentrations upto 0.375 per cent far excelled the control 
in multiple shoot production. In the buds excised 2 days 
after flower harvest doses upto 0.25 per cent did not 
hinder the multiple shoot production and similar effect 
was observed in buds excised at the time of flower harvest. 
But in buds excised at the time of flower harvest EMS doses 
above 0.25 per cent completely inhibited shoot regeneration 
and the effect of higher doses was not so intense in buds 
excised 2 days after flower harvest. Walther and Saver 
(l986jb) had reported a similar effect due to higher doses 
of X ray in Gerbera and Kim et al. (1989) in grape.

5.2.2.3 Growth Analysis

In the analysis of growth in the main shoots derived 
from the treated and control buds significant interaction 
was observed between the bud stages and treatments. The 
buds excised at the time of flower harvest and treated 
with 0.5 and 0.375 per cent EMS showed poor growth. The 
concentrations were on par with the control. But in the 
case of buds excised 4 days after harvest, 0.375, 0.25 and
0.125 per cent EMS treatments far excelled the control.



95

The buds excised 6 days after harvest exhibited a compara­
tively poor growth at all EMS levels.

~~ The growth of multiple shoots also was greatly
influenced by the different concentrations of EMS. The 
growth of multiple shoots was poor in the two higher 
concentrations of EMS. The buds excised 4 days after 
flower harvest were not greatly retarded by higher concen­
trations of EMS. Bere the buds treated with 0.375 and
0.25 per cent EMS, excelled the control. Kim et al. (1989) 
has reported that higher doses of EMS decreased shoot 
length in grape.

5.2.2.4 In vitro rooting

The number of days required for rooting increased 
with the increase in EMS doses and increase in the maturity 
of the bud. In the lower concentrations of EMS and control 
the days required for initiation of roots were on par. The 
percentage shoots rooting also decreased with increasing 
doses of EMS. But in buds excised 4 days after flower 
harvest EMS doses upto 0.375 produced favourable results.
In this stage a slightly higher dose was found to have a 
stimulatory effects. The nunber of roots/shoot also 
decreased with increasing doses of EMS.

In short of the various stages of buds considered, 
buds excised at the time of flower harvest excelled all



7/

9 6

other stages, but when treated with EMS their growth rate, 
shoot proliferation and rooting were highly suppressed.
For mutagen treatment, the buds excised 4 days after flower 
harvest were found to be the best. Here EMS concentrations 
upto 0.375 per cent were favourable and they were found to 
have a stimulatory effect on the buds as they excelled 
their control. In buds excised 2 days after flower harvest 
the lower concentrations of EMS were on par with control. 
The buds excised 6 days after flower harvest exhibited a 
poor performance in normal and treated populations.
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SUMMARY

The present investigation to standardise a suitable 
in vitro culture technique for induced mutagenesis in rose 
(Rosa chinensis) was conducted during 1989-*90 at the 
Tissue Culture Laboratory attached to the Department of 
Horticulture, College of Agriculture, Vellayani. The ma m  
objectives were to standardise the in vitro technique m  
rose using axillary bud as the explant, to standardise 
surface sterilisation techniques, to standardise the 
correct stage of the bud for mutagen treatment, to 
standardise the technique of treatment and also to assess 
the dose requirement of the chemical mutagen, ethyl methane 
sulphonate (EMS). The dose effect was assessed based on 
various growth indices including days taken for bud take, 
percentage of cultures producing multiple shoots, length 
of shoot at 15 days interval, number of leaves per plantlet 
at fifteen days interval and rooting percentage. Based on 
the results eminated from the investigation the following 
conclusions are made.

1. Of the various concentrations of mercuric chloride
solutions tested and various time intervals adopted for 
treatment, the treatment 0.08 per cent mercuric chloride 
for 15 min was found to be the best, based on survival 
percentage.
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2. In the culture establishment phase a combination of BAP 

2 mg/1 + 2,4-D 1 mg/1 in MS medium was found to be the 
best for maximum bud take.

3. For shoot proliferation or enhanced release of axillary 
buds, BAP 2 mg/1 + GA 2 mg/1 was the apt dose for 

obtaining maximum multiple shoot production.

4. In 1/4 and 1/2 strength MS mediian, root initiation was 
delayed and cultures showed poor top growth.

5. In full strength MS medium, IAA at 2 mg/1 gave maximum 
rooting percentage and the shoots had a healthy appearance.

6. An increase in the maturity of buds delayed multiple 
shoot production.

7. Buds excised at the time of flower harvest produced 
maximum multiple shoots.

8. Direct treatment of the axillary buds with IMS was not 

found to be feasible in rose at any stage of maturity 

viz. at the time of flower harvest, 2, 4 and 6 days 
after flower harvest. The buds turned brown and no 
further development was observed.

9. A decrease in survival percentage was noted with an 
increase in mutagen conce cration during the early 

stages of development.
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10. Higher concentrations of EMS curbed multiple shoot 
production in buds excised at the time of flower 
harvest, and prolonged multiple shoot production in 
mature buds.

11. The lower concentrations of EMS (0.125 and 0.25 per cent) 
gave an insignificant result compared to untreated 
control.

12. No significant variation was observed in shoot length 
with increase in maturity of buds.

13. Rooting percentages decreased with increasing concen­
trations of EMS.

14. The percentage shoots rooting and the number of 
roots/shoot decreased with increase m  the maturity of 
buds.

15. 3uds excised at the time of flower harvest was found
to be the best stage of explant for in vitro culture in 
rose, but mutagen concentrations above 0.25 per cent 
proved to be fatal.

16. Treatment of buds excised four days after flower harvest 
was found to be more suitable for mutagenic treatment 
compared to buds excised 2 and 6 days after flower 
harvest.
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17. Buds excised 6 days after flower harvest was not found 
to be suitable for in vitro culture due to their poor 
performance.

18. The best concentrations for the maximum mutational 
events m  rose while exploiting in vitro culture 
techniques seems to be between 0.125 and 0.375 per cent 
of EMS.

Based on the results emanated during the present 
investigation it is recommended that for detailed analysis 
of induced mutagenesis in rose adopting in vitro culture 
technique, MS medium with buds excised 4 days after flower 
harvest and a concentration of EMS solution between 0.125 
and 0.375 per cent will result in maximum mutated events to 
give an economic response to induced variability by minimi­
sing diplontic selection.
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PIATE l. Growth in bud, after 15 days culture in
culture establishment medium (MS medium + 
BAP 2 mg/1 + 2,4 D 1 mg/1)

PIATE 2. Growth in bud, after 15 days culture in 
shoot proliferation medium (MS medium + 
BAP 2 mg/1 + GA 1 mg/1)

PLATS 3. Growth xn bud, l month after first subculture 
m  shoot proliferation medium





PLATE 4. Multiple shoot production in 4 month old 
culture

PLATE 5. Root distribution in shoot cultured in full 
strength MS medium + IAA 2 mg/1





PLATE 6. Treated buds excised at the time of flower
harvest, 30 days after culture

PLATE 7. Treated buds excised 2 days after flower 
harvest, 30 days after culture

PLATE 8. Treated buds excised 4 days after flower 
harvest, 30 days after culture





PLATE 9. Treated buds excised 6 days after flower
harvest, 30 days after culture

PLATE 10. Control buds 30 days after culture 
T^ -■ 0.5% EMS treated buds
T2 - 0.375% « » «

T3 - 0.25% " " “
T4 - 0.125% « « «

— Buds excised at the time of flower harvest
D2 - Buds excised 2 days after flower harvest
D3 - Buds excised 4 days after flower harvest

- Buds excised 6 days after flower harvest





PLATE 11. Growth comparison in treated and control
buds excised at the time of flower harvest, 
1 month after 1st subculture. In hiqher 
concentrations multiple shoot production 
did not occur and the shoots exhibited 
poor growth





PLATE 12. Growth comparison in treated and control 
buds excised 2 days after flower harvest, 
1 month after 1st subculture





PI»ATE 13. Growth comparison in treated and control 
buds excised 6 days after flower harvest, 
1 month after 1st subculture





PIATE 14. Treatment effects in buds excised 4 days 
after flower harvest 1 month after 1st 
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PLATE 15. Shoots from buds excised 4 days after 
flower harvest, after rooting
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ABSTRACT

The present investigation entitled "Induced chemical 
mutagenesis in rose (Rosa chlnensis) under in vitro culture" 
was carried out in the Tissue Culture Laboratory attached 
to the Horticultural Department, College of Agriculture, 
Vellayani during 1989-90. The main objectives of the 
experiment were to standardise a suitable culture mediun 
for the growth and development of axillary buds and to 
standardise a successful method of chemical mutagenesis in 
rose under in vitro culture using the most potent chemical 
mutagen, ethyl methane sulphonate.

The standardisation of hormone levels in the culture 
medium (MS) was done at three stages of explant development 
viz. culture establishment, axillary bud proliferation and 
in vitro rooting. Surface sterilisation of axillary buds 
were standardised by using mercuric chloride selecting out 
three concentrations 0.06, 0.08 and 0.1 per cent and 3 
periods of treatment 5, 10 and 15 minutes. The axillary 
buds used were of 4 maturity stages ie. axillary buds at 
the time of flower harvest and 2, 4 and 6 days after flower 
harvest. The various concentrations of ethyl methane 
sulphonate tested include 0.125, 0.25, 0.375 and 0.5 per cent. 
Two methods of mutagen treatments were tried ie. direct 
treatment and cotton swab method. In the direct treatment



the axillary buds were subjected to EMS treatment at 
different periods, treating the buds at the time of 
culturing, 2 days after culturing, 4 days after culturing 
and 6 days after culturing. In the cotton swab method 
buds were treated with EMS in the plant itself, at various 
stages ie. at the time of flower harvest and 2, 4 and 6 
days after flower harvest.

surface sterilisation of axillary buds was found 
to be most successful with mercuric chloride at 0.08 per cent 
for 15 minutes. Of the various levels of hormonal combina­
tions tested BAP 2 mg/1 + 2,4-D 1 mg/1 was found to be the 
best for culture establishment and BAP 2 mg/1 + GA 1 mg/1 
for shoot proliferation. Maximum rooting was obtained in 
full strength MS medium supplemented with IAA 2 mg/1. Of 
the two methods of mutagen treatments tried direct treatment 
of axillary buds with EMS was not found to be effective as 
the buds turned brown and no further development occurred.

In the cotton swab method, lower concentrations of 
EMS (0.125 and 0.25 per cent) gave a better performance 
based on days taken for bud take, multiple shoot production 
and rooting percentage. A decrease in survival percentage 
was noted with increase in mutagen concentration. Higher 
concentration of EMS (0.375 and 0.5 per cent) curbed multiple 
shoot production in buds excised at the time of flovrer



harvest and delayed multiple shoot production in other 
stages. The percentage cultures showing, rooting and the 
number of roots/shoot also decreased with increase in 
concentration of EMS. Increase in maturity of buds also 
delayed multiple shoot production and decreased rooting 
percentages. Of the 4 stages of buds used for in vitro 
culture, buds excised at the time of flower harvest was 
found to be the best. But mutagen treatment retarded 
their performance. For mutagen treatment buds excised 4 
days after flower harvest was found to be the best, followed 
by buds excised 2 days after flower harvest. Buds excised 
6 days after flower harvest showed a poor performance in 
the normal and treated populations. The experiment clearly 
demonstrated that induced mutagenesis in rose can be 
successfully done adopting in vitro culture techniques.




