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INTRODUCTION

Bougainvillea, named after a French botanist,
Louise Antoine de Bougainville is native of South America
(Pal and Vishnuswarup, 1974) and was introduced to India
a century ago. With its spectacular mass of lovely and
colourful sprays of bracts, bougainvillea is one among the
tropical ornamental plants noted for unrivalled beauty as
well as utility,

Bougainvilleas are mainly propagated through cuttings
although other methods of asexual propagation such as
layering and to a limited extent budding are in vogue when
cuttings fail to strike roots, Even though propagation by
cuttings combines the several advantages like simplicity in
operation, in expensiveness and rapidity, it poses problem

in the case of several varieties particularly mutants,

Horticulturists and nurserymen have resorted to the
application of growth regulators for enhancing rooting of
cuttings, The exact concentration and the type of growth
regulators tc be used, have to be decided by detailed
experimentation in a particular agroclimatic situation. Such
detailed investigation in bougainvillea has not been carried

out in our state.

Plant propagation via tissue culture synonymously
called as micropropagation is a technique which is



increasingly becoming popular for the rapid clonal
multiplication of difficult-to-root plant species. As a
useful technique it beceme available by about 1939 with

the successful research work of 'Gautheret' in France and
'White' in United States. A consideradle asmount of
information has accumuleted on plant tissue and cell

culture since then, At present it is being resorted to in
conjunction with the conventional propagetion techniques

for the commercial production of clones. Where the latter
method allows only a slow rate of propagation or is f{mpossible
in some plants a million fold incresase in the planting stocks
could be achieved through tissue culture,

Bougainvillea ig an ornamental plant in great demand
throughout the country. Kerala with its unique agroclimatic
features, has distinct possibilities of large scale production
of planting materials of this plant species. Standardisation
of macro and micropropagation procedures was therefore
considered necessary so as to provide the basic technical
know how for such propagation works, Studies in tissue
culture 4s in its initial stages in the tissue culture
laboratory of College of Horticulture and it was also felt
that bougainvillea will provide a usgeful material for taking
up preliminary studlies in tissue culture. The presgent
studies were taken up with the following objectives,



(1)

(i1)

(181)

To assess the rooting potential of different
varieties of bhougainvillea through cuttings under
field conditions and to group them as easy rooting,
poor rooting and difficult rooting.

To find out the effect of different growth
regulators on rooting of cuttings.

To standardise media, method and materials suited
for tissue culture,
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REVIEW OF LITERATURE

I. Macropropagation (cuttings)

Cuttings cen be made from almost all parts of the
plant including stem, modified stem, root and even leaves,

Among these, stem cuttings are more commonly used for
planting, Adventitious root toragtion in stem cuttings
ere often governed by several factors, Literature relevant
to these aspects are reviewed here,

241,

S8eason of collection of cuttings has been reported
to be one of the key factors attocting rooting of cuttings
in meny plants. Yadav et al. (1977) stressed the effect
of season on rooting percentage, number of roots/cutting
and'rooe length in bougainvillea, They conducted a trial
in West Bengal, using hard wood cuttings from 10 year old
bougainvillea cv, 'Mahara', The cuttings collected at
monthly intervals from February to September, were planted
in well prepered nursery beds, Maximum (90 per cent) and
minimum (42,5 per cent) percentage of rooting was obtained
when the cuttings were planted on 15th August and 15th
September respectively. Cuttings planted during July also
recorded a high percentage of rooting. They concluded that
rooting response of bougainvillea cuttings was high during
rainy seascn, Singh and Motilal (1979) on the other hand
obtained maximum percentage of rooting upto 65 per cent



during February in the soft wood cuttings of bougainvillea
ov, 'Thimma’,

Nambisan et 2l. (1977) observed better rooting in
semihard wood ocuttings of cleander (Nerium indicum) when
planted during July-August. During this period, the number
of roots and length of roots produced were also high.

Singh (1980) obteined highest rooting of cuttings in
Axore bgnduca during October and poorest in January, regard-
less of treatments with {?ole butyric acid (IBA), indole
acetic acid (IAA) and Naphthalene acetic acid (NAA). He
found thet the lowest (1000 ppm) and highest (6000 ppm)
concentrations of IBA and IAA tried were ineffective during
ell the months of planting, while NAA 1000 ppm was not
effective during October, November and January, a concentra-
tion more than 1000 ppm was found beneficial in rooting of
cuttings during December.

2420
24241, Iype of cuttings

In several plants cuttings are either tasken from
vegetative or flowering shoots, although rooting varied in
these two types, Hartmann and Kester (1975) however,
concluded that the difference in rooting potential of these
tvo types of shoots was more noticeable in difficult to
root species, Bose gt al.(1978) obtained 100 per cent




rooting when semihard wood cuttings were used for planting
in the cva, 'Mahara' and 'Million Dollars! of bougainvillea,
Singh and Rathore (1977) compared the rooting efficiency of
hardwood cuttings and semihard wood cuttings of bougainvillea
cvs. 'Thimma' and 'Mary Palmer! and noticed that all softwood
cuttings rooted but had only the lowest survival rate (48
per cent) against 83 per cent rooting and 54 per cent
survival in hardwood cuttings. But singh and Motilal (1979)
obtained best rooting and highest survival with scftwood
cuttings ¢f bougainvillea cv.'Thimma' compzred to semihard
wood cuttings,

Porlinguis and Theriocs (1976) observed that rocting
percentage of juvenile cuttings in olive remained high and
relatively constsnt throughout the growing period, except
for slight reduction during autumn season, while a wide
seasonal variation oeeuﬁ?d in the rooting efficiency of
adult cuttings., They alsc found that the Juvenile cuttings
rooted faster than the adult ones,

2.5 Pesition o e

Seetharama and Mohaneram (1972) found that the basal
cuttings of bougainvillea proved superior to median and tip
cuttings. They obtained 20 per cent more rooting in the
basal cuttings. But, the superiority of apical cuttings
in rooting was reported in 1lilac by Schmidt (1978); and in
pelargonium by Kumar et al.(1980). Beel and Schelstraete



(1981) noticed a similar trend in two species of bougein-
villea viz, B. glabpa cv, 'Alexandra' and B, spectabilis.
However, Shailendrarajan and Santaram (1982) obtained no
rooting of terminal soft and basal hardwcod cuttings in
aonla and hence they suggested the use of median cuttings
for its propagation.

2elas iro ato a
2,441, cf gro ors

The discovery of naturally oecurring suxin viz,
indole acetic azcid (IAA) and synthetic euxins viz, indole
butyric acid (IBA) was a milestone in the history of
propagation and was of real value in stimulating the
production of adventitious roots in stem and leaf cuttings
(Linder, 1939). For rooting of cuttings, most commonly
used growth regulators are IAA, IBA and NAA (Audus, 19%9),
Besides these, auxins like 2,4=dichlorophenoxy acetic acid
(2,4«D) and various commercisl preparations like 'rooton ',
*hormodin'!, 'rhizopon' and ‘seradix are also used to a

lesser extent,

Hukhopadé&a end Bose (1966) treated cuttings taken
from one year old shoots of four varieties of bougainvillea
viz, 'Partha', 'Scarlet Queen', 'Mary Palmer' and 'H,C.Buck'
with IBA and NAA each at 10 and 100 ppm concentration and
with a commercial product 'anradix'BB’. They found that



auxin treatment resulted in better rooting of all varieties
and that IBA was signifie¢antly superior to NAA, They
further noticed that varieties responded differently %o
growth regulator treatments, The variety 'Mary Palmer’
showed no encouraging results with growth regulators other
than IBA 10 ppm and NAA 100 ppm in which case also, induced
rooting was only limited to few cuttings, Kale and Bhujbal
(1972) emphasised the beneficial effect of IBA particularly
at 500 ppm on the number and length of roots in bougainvilles
ov. 'Mary Palmer', Seetharema and Mohanram (1972) suggested
that synthetic auxins like NAA and IBA were more effective
in inducing rooting in bougainvillea cuttings when compared
tc natural auxin - IAA, They used IAA and IBA each at 10
and 20 ppm concentration and NAA at 10, 20 and 50 ppm, in
five cultivars of bougainvillea viz, 'Mary Palmer', 'Partha!,
"Mrs, Bhatt'!, 'H.C. Buck' and 'Enidlancaster', Best

results in terms of percentage of rooting were achieved

with 50 ppm NAA and 20 ppm IBA, In all the varieties except
'Partha', auxin induced roots were longer,

The rooting potential gnd subsequent survival of four
noded cuttings of bougainvilloa ev. 'HMary Palmer' was studied
by Gandothra gt al. (1975) using IAA, NAA and IBA each at
6000, 8000 and 10,000 ppm concentrations. They found that
IBA was the most efficacicus which recorded maximum
percentage of rooting upto 70 per gent, All growth



regulators at higher concsntrations were found toxic and
suppressed rcoting, Philip and Gopalekrishnan (1982)
obtained maximum percentage of rooted cuttings (100 per cent)
with 6000 ppm IBA treatment in bougeinvillea cv, 'Mahara'
followed by NAA a2t 2000 ppm concentration (86.7 per cent).

In Althea rosea (Hollyhock), lower concentrations of
IBA and NAA (400 ppm) were found better in inducing roots
in air layers, compared to higher concentrutions of 2000 and
3000 pom (Lingars), 1960). A series of experiments conducted
by Kwak and Chung (1980) in 2% aspecies of ornamental plants
to stendardise the optimum concentration of NAA and the best
time for taking cuttings, showed that in many of the sgpecles,
NAA was found better than IBA in promoting rcoting.

2.4.,2. Mode of treatment of growth regulators
Audue (1959) concluded that growth regulators could

be applied in vericus fcrms such as powder, concentrated
dip, dilute solution dip (soaking) or as paste and the
effactiveness of these treatments often varled with plant

species.

Williams (1943) expsrimented with the cuttings of
certein broad leaved evergreens using com.ercial hormone
preparations such as 'hormodin' and ‘rooton' by soaking and
dusting method tc promote rooting of cuttings. The results
indicated & higher percentage of rooting in sclution treated



10

cuttings, but more number of roots were observed on dust
treated cuttings. A significant but negative interaction
was noticed in plum cuttings between duration of treatments
and the concentration of growth regulastors by Nahalawi and
Howard (1972).

Leafy cuttings of Salntpaulia ionantha were treated
with 1 to 1000 ppm sclutions of IBA for 1 to 24 hours by

Woszszynska and Borys (1976) for induction of rooting and
they found that the effect of IBA increased with the
coencentration and maximuwn beneficlal effect was obtained
with 1000 ppm solution, when the cuttings were socaked for
15 to 24 hours. Kwack and Chung (1980) alsc obtained
similar results in ornamental plants like rose and
ligustrum, They also observed that slow dip for 24 hours
was more effective than quick dip or powder treatment.

2.5, Rooting mediunm
Cuttings of many plant speclies root easily on a wide

range c¢f rooting media, Long (1932) observed that the
cuttings of difficult to root plants are iniluenced by the
rocting medium, not only in thelr percentage of rooting
but also in the type of root system formed, The other
media generally recommended are pand, peatmoss and water
(Zimmerman, 1930, Smith, 1944). Vermiculite and sphagnum
moss alsc have been found to be successful media in many
plant species (Chadwick, 1949 and Creech et al. 19%5),
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Hartmann and Kester (1975) reported that the rooting
mediun affected the type of root system produced, They
found that cuttings of several plant species when rooted
in send, produced only long, coarse and brittle roots but
when rooted in sand plus peatmoss, thqboots were slender
and flexible,

According to Higaki (13581), single node cuttings of
Dracaenz gcldeens rooted equelly well in peitmoss, perlite,
black cinder, ¢r veramiculite under interuittent mist
condition, FPokamy and Austin (1982) observed that softwood
cuttings ol blue berry rcoted best in a medium containing
milled pine bark slone or mixed with equal parts of perlite

compared to ephugnum moss alone or mixed with parlite,

2,6, Carbohydprate j§ nitrogen relstion

There are consldepable evidences in literature that
the nutrition ¢f stock plants influences to a great extent,
thelr root and shoot development, Kraus and Kreyoill as
quoted by HKoritmenn and Kester (1875) reported that tomato
cuttings with a relatively high content of carbohydrate and
low nitrcogen produced many roots but only fesble shoots,
while those shocts with green stem having high nitrogen and
ample carbohydrate produced fewer number of roots but

stronger shoots,
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Excgenous application of auxins such as IAA, IBA
and NAA was found?inaraa;n the rooting response of
Justices gendarussa cuttings from stock plants grown in
the presence of low amount of nitrogen by Basu and Ghosh
(1974). They noticed that low nitrogen supply to the stock
plant was assoclated with a root promoting effect and that‘
high C/N ratio increased the rooting co-factor activity in
tissues of the cuttings. Rooting coefactor activity was
found to be inversely related to nitrogen supply and it
was highest under low nitrogen levels,

2.7, Eavironmental factors

The deleterious effects of extra light on rooting of
outtings in Hibiscus rosa-sinensis and H. schizopetalug was
demonstrated by Kachecheba (1976), Johnson and Hamilton
(1977) also confirmed this in the subsequent trials with

H. rosa-sinensis cuttings.

Singh and Rathore (1977) could get no rooting in the
cuttings of bougainvillea cvs, 'Thimma'’ and *Mary Palmer!,
when planted under open condition while 91 per cent rooting
was obtained under partial shade,

The advantage of less shade on better rooting in
Ixora was reported by Singh (1980) under North Indien
condition who found that reducéd light intensity was a
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limiting factor to better rooting, He attributed the
poorest rooting of cuttings in January to the reduced
light intensity.

Experiments conducted by Senanayake and Kirthisingh
(1983) in black pepper cuttings revealed that 50 per cent
shade and irrigation once in three days gave maximum
nunber of roots with highest dry weight of shoots and

roots,

II.  Mioropropagation
A beginning of plant propagation through tissue

culture was made in early 20th Century, when Haberlandt
(1902) first attempted to regenerate plants from single
cells., The first prolonged culture of unorganised plant
tissue was however, reported only much later by Gautheret
(1939) in carrot and by White (1939) in tobacco.

Thorps (1981) defined the term plant tissue culture
as the cultivation in yitro of plamt parts whether a single
cell, tissue or organ wunder aseptic conditions,

Plant propagetion by tissue culture synonymously
called as 'micropropagation! was stimulated by the
tremendous success in orchid propagetion, through this
method (Holdgate, 1977). In recent years, this technique
has developed into very powerful tcol for propagation of
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many ornamental species, 8ince the literature pertaining
to the micropropagation of bougainvillea are seanty, those
concerning with other ornamental and frult plants are
briefly reviewed here under,

Herbaceous ornamﬁntals have been reported to be
relatively easy to propagete via tissue culture and
micropropagation of many herbace ) ous speclies have been
successfully accomplished (Skirvim and Janick, 19763
Anderson, 1977; Hussey, 1978). But in vitro regeneration
have been found difficult with certain species, particularly
woody ornamentals and fruit plants (Murashige, 19743
Hughes, 1981), However recent works by Abbot and Whiteley,
19763 Zimmerman, 1978; Hammerachlag, 1980 and Krul and
Meyerscn, 1980 sugsested that woody specles are also
amenable for in yitro culture and offers potential for
large scale multiplication,

Murashige (1974) reviewed the works on tissue
culture techniques and reported that rapid asexual
proliferation could be obtained from sterile cultures of
organs and tissues, in different ways viz., through
induction of adventitous shoots or embryocs direct om orgen

explant cr on callusiprecocious axillary shoot proliferation.
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2,8, Callus formatien

Callus is an undifferentiated and unorgsenised mass
of parenchymatous cells formed from & wound., Plant cells
have the potential tc differentiate on division and develop
organs and complete plants (Murashige, 1974)., Evidence
for the morphogenetic activity in eallus cultures of many
plant speclies was reported by several workers (Rao et al.
1976; Bott, 1980; Sutter and Laghens, 1981). The successful
induction of morphogenesis in plant cells and tissue
cultures has been found to be influenced by several factors,
such as explant sources, media, its components and culture
conditions (Mureshige, 1974 and Hughes, 1981).

2.8.1. Explant sources
An explant is 2 plece of tissue or orgen which is

excised from the plant for the purpose of culture, Almost
any part of & plunt could be induced tc produce callus or
suspension culture, But, the success in culturing the
explant - is influenced by a number of factors inherent to
the explant, such a5 source of the explant, its size and
physiological age, which has been clearly amplified in the
studies conducted by Hughes (1981),

¥Within any plant, the tissue difiered in their
ability to undergo morphogenesis, Most viable explant
undergo mitosis in yitro and established callus from the
explants consisting of shoot tips and isolated meristems,
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These two sources containing mitotically active cells has
been found especially suocessful for callus initiation and
subsequent regeneration (Murashige, 1974), Establishment
of callus and subsequent regeneration was reported from
almost all explant sources including isolated stem pleces,
leaf, flower buds, anthers and corm segments in Freesiea
(Bajaj and Pierik, 1974), petiole segments in begonia
(Fonnesbech, 1974), young embryos in anthurium (Plerik et al.
1974), inflorescence in hyacinth (Hussey, 1975), shoot tips
in chrysanthemum (Bush et al. 1976), petals in hemerocallis
(Heuser end Apps, 1976) and internodal segments in English
ivy (Awad and Banks, 1981),

228426 gg”
8ize of the explant has been found to be critical in

tissue culture, In their studies with carnation, Gukasyan
et 81.(1977) found that shoot spices measuring more than

1 mm were unable tc develop, while those having 0.35 mm size
produced the largest nunber of normal shoots, They alsoc
found that the presence cof sub apical tissues again reduced
the survival and shoot productiorn,

Hughes (1981) reported that very smsll explents in
general, had a very low survival rate when compared to large

explants, Evans @t 8l.(1981) opined that only a small
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percentage of the ocells in a given explant contributed to
the formation of e¢allus and the increased cell number
present in large explants increased the chance for greater
survival rate, According to them smaller explants were
more likely to form callus, while larger explants maintained
greater morphogenetic potential,

2.8,3. Physiological sge
Plerik et al.(1974) reported that physiological age

o the explant influenced the type and extent of morphogenesis.
They found thet in anthurium, callus could be produced from
the youngest stem segments and embryos. In English ivy,
Banks et 2l1,(1979) found that embryos, juvenile tissues

and embryo. organs had a high regenerative capacity and

they conecluded that culture of the youngest and less

differentiated tissues were successful in &« wlde range of

specles,

The importance of the composition of the medium in
growth and morphogenesis of plant tissues in culture is
well established (Murashige, 1974; Conger, 1981 and
Flick et 21.1983). Though several media such as Murashige
and Skoog (1962), White (1963), Ganboré?%ﬁQﬁB) or (By medium)
and Nitsch (1969) are in use, the first one is the widely
accepted one for plant morphogenesis,
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The essential ingredients of the culture medium
developed by Murashige (1974) includes inorganic and organic
compounds like carbohydrates, vitamins, aminoacids,
nitrogen bases and phytchormones. He also stated that
other additives like endosperm fluids, fruit juices etc,
though not essential, were often used when all other
components failed to produce regeneration or to enhance

the developmentzl process.

2.8.4a. Effect of phytohormones

The proportion of phytohormones like auxin and
cytokinins in the culiture medium has been found to be
critical to the control of growth and merphogenesis by
Skoog and Miller (1957) in tobacco cultures, According to
them, a relatively high content of auxin fevoured rcot
initiation suppressing shoot formetion. On the contrery,
high concentration of cytokinin induced shoot formation
and suppressed rooting. Murashige (1974) observed that a
variety of auxins including IAA, NAA, IBA and 2,4<D were
used either zlone cr in combination, but ameng these
auxins, IAA wag the weakest, but chowed ninimum harmful
effect on explant tissue. 2,4«D was the most potent and
it stimulated callus cultures. Among the various cytokinins
like zestin, kinetin, Benzyl aminopurine, the latter is

more commonly used,
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No universal ratio of auxin and c¢ytokinin has so
far been developed for root and shoot induction, However,
Hmcl (1979) coneluded that in mejority of cases, callus
growth was best on auxin and cytokinin containing medium,
though some bulbous plants like lilium and hyacinth
regenerated in vitro without the presence of any phytohormones.
Moreover, application of auxing and cytokinins hastened the
development of callus. He further noticed that considerable
variability exsisted between taxa and genotype in the
cptinum requirement of phytohormones for morphogenesis.
The optimum growth regulator combination for callue develop-
ment was found to be 53,70 M NAA + 11,6 ' M KIN for cyclamen
(Loewenberg, 1969), 201 M NAA + 20/ M KIN 4in poinsettia
(De Langhe et 21,1974}, 0.5/ M NAA + 2,21 M BA in begonie
(Fonnesbech, 1974), 5,61 M NAA in geranium (Skirvim and
Janick, 1976), 21,81 M NaA + 9,34 M KIN in English vy
(Banks gt ai. 1979).

Sharma gt al. (1981) obtained good callus formation
in the shoot apices of Bougainyilles glabra cv. 'Hagnifica!'
when grown on MS medium supplemented with 0.4 ppm 2,4,5«T
and 0.8 to 1,0 ppm kinetin (KIN). At higher concentration
of both BA and KIX (1.0 ppm), the whole explant callused,
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248.4b, E:

Skoog end Tsui (1968) repcrted that L.glutzmine
and L.easparagine had beneficlial effect on the cultures of
tobacco., They also noticed that incorporation of adenine
favoured callus growth,

According to Murashige (1974), a variety of extracts
could be used in the medium including casein hydrolysate,
yeast extract, coconut nilk and other purine derivatives
such as adenine and adenine sulphete,

Street (1979) found that in Pelargonium hortorua,
addition of myoe~inositol at 50 and 100 mg/l promoted growth

and in Fraxinus pennsylvanica, it was absclutely essential
for ecallus growth,

2.9, shoo ca

Regeneration of shoots can be either directly from
the explant or through callus mediated process. #As far as
cdonal multiplication is the aim, the fcrmer is the most
efficient and rapid method of in vitro regeneration
(Hussey; 1978).

Fonnesbech (1974) stressed the import:nce of using
optimum concentrsztion of phytohormones particularly
cytokinins for getting best response. In begonia, he
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observed that only higher concentrations of benzyl aminc
purine (BA/BAP) yielded shoots, but no shoot growth was

noticed in presence cof lower concentration of BA,

Thakur and Ganapathy (1977) obtained shoot differen-
tiation from leaf explants cof Begonis picta on Nitsch
mediun supplemented with BAP or KIN at 10”7 to 10~
concentration, They also noticed that wher the basal medium
was supplemented with the two cytokinins, shoot differentie-

nmole

tion cocurred from both the surfaces of the laminar tissue,
where as shoot buds differentiated from the adaxial surface
only, on the bagal medium,

Though shoct proliferation haes been reported to ocecur
in the presence of higher concentration of cytokinins,
Welander (1977) found that it could occcur in the presence of
lover concentrations of cytokinin also. In Begonia x hiemalis,
he noticed shoot formation only when NAA/BA ratio of 211 was
maintained, A similar pattern of development was noticed in
African violet by Bilkey gt al.(1978), where plantlets were
formed an MS medium containing NAA 0,1 mg/l and BA 0,01 mg/l.

In Bougainvillea glabra cv. 'Magnifica', Sharma et agl.
(1981) found that MS medium supplemented with either BAP or

KIN at 0.2 to 1,0 mg/l in combination with IAA at 0.1 to 2,0
mg/)l was best for initial shoot growth. Shoot apices when
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grown on this medium, remained quiescent for twc months,
Maximum number of shoots upto 10, was produced in the
presence of IAA 1,0 mg/l and BA 0,% mg/l. Lower concentra-
tion of IAA and BA, although found to be sultable initially,
favoured only slight callusing at earlier stages., Kinetin
was found in effective for shoot multliplication.

In Jasminum nudiflorum and J.officinale shoot
proliferation was promoted evern in the absence of cytokinin,

Khoder at al. (1981) noticed shoot development on half
strength MS medium from shoot apices of these two specles
in the presence of 1.0 mg/l GA; and 0,1 mg/l NAA without the
addition of BA,

8ilberstein et 81.(1983) suggested that incorporation
of verious additives wss beneficiel for shoot proliferation
in Euphorbia species., They noticed a synergistic efiect on
shoot proliferation, wher adenine sulphate was incorporated
to the medium in combination with kinetin,

2.10. Xin vitro rooting

Root formation under aseptic condition  in various
plant species was found to occur with a wide range of euxins
and their concentrations (Rao gt al. 1973; Anderson, 19803
Hammerschlag, 1980; Sharma et al. 1981; Hussay, 1982) or
even without any growth regulators {Cocke, 1977; Krul and
Meyerson, 1980),



Rao et gl. (1973) opined that NAA was very effective
for root formation in stem and leaf explants of Petunia sp.
but IAA caused only localised root deveicpment,

There are several reports concerning the inhibitory
effect of 3AP on root initiation in explants cultured
in yitro. Omission of eytockinins from the culture medium
was found t¢ favour root development in in vitro grown strawe
berry by Jones and Newton (1977)3 in blackberry by Broome and
Zimpwerman (1978), Damisno (1980) alsc noticed that in
strawberry explants, roots were produced after 10 to 12 days
of culturing,in the presence of IAA 1,0 mg/l, only when 3A
and GA5 were deleted from the medium.

It has been repcrted that, though root foruation is
generally favoured by suxins in the medium, it can also
occur on medium without the presence of any growth regulatoer.
Krul and Meyerson (1980) reported that shoot explants, when
cultured on White's medium devoid of any growth regulator.

and in presence of chelated iron, rooted readily,

Sharua gt al. (1981) obtained 100 per cent rooting in
the shoot apices of Bougeinvillea ra cv. 'Magnifica‘
wher grown on MS medium conteining 0.1 mg/l IBA and 0.1 mg/l
29445=T (2,4,5=trichlorophenoxy acetic acid)., Prcfuse
rooting in shoot tips occwrred in the presence of all the
three growth regulators (IAA, IBA and 2,4,5-T) tried,
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The favourable effect of lower concentration of salts
and of IBA on better rooting of in yitro grown explants of
Prunus gerasifera was demonstrated by Garland and Slotz (1981)
and by Rugini and Fontazze (1981) in olive, where rooting of
the explants occurred on half strength MS medium containing
0.2 mg/l IBA and 2,0 to 4,0 mg/l NAA respectively, Nuvak
and Jujova (1983) also concluded that in vitro rooting of
grape explants could be readily achieved, when cultured on
half strength MS medium with the addition of 0,1 M/l IBA,

Hammerschlag (1982) found that rocting response of
plun explants was significantly higher on IAA contalning
medium, then on IBA containing one,

Rucker (1982) cbserved that root formation in
Digitalis purpures explants, decreased with low content of
nitrogen in the medium compared to the one with high amount
of nitrogen,

2+.11. Egeological conditions
Hughes (1981) reported that environmentcl factors

such as light, photoperiocd and temperature played significant
role in the growth of explants grown on 2 medium,

Murashige and Naltano {(1968) Zound that light was a
eriticsl factcr for shoot, but inhibited root development.
The effect of photoperied on morphogenesis was established



by Gautheret (1969) in Helianthus and by Pillal and
Hildebrandt (1969) in geranium callus, They found that a
12 hour photoperiod was optimal for shoot production from
Helianthus tuber sections end 15 tc 16 hour photoperiod, for
bud induction in geranium callus,

Ramawat and Bhansali (1978) studied the influence of
light on ecallus growth both under light and in darkness.
The light grown calll were vellowish green, while they

turned soft, fragile and yellowish brown under darkness,

Hamrerschlag (1982) attributed the inhibitcry effect
of light on root initiation cof plum explants, tc the photo=
inactivation of IAA and rooting coefactor. He also observed
a significant reduction in rooting under light, compared to

that under darknecs,

Studies on the iniluene¢e of culture environment on
growth of explants, by Fonnesbech (1974) revealed that
temperaturs had a pronounced @ffect on morphogenesis, He
noticed that a low temperature pretreztzent of the petiole
explants of Begonia x chiemantha et 15 tc 18°C increased
the auanber and size of the shcots produced,

Pierik and Steegman (1975) reported that temperature
requirement of the species wvarled considerably, the optimum
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range being at 26 to 28°%C in most of the species, They
noticed that in rhododendron the best temperature fcr
rooting was 25°C, Seabrook and Cumming (1978) suggested
that the temperature requirement of the intact plants
might be reﬂ.ected in the response cf the cultured tissues
from that plant.



MATERIAL AND METHODS
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MATERIAL AND METHODS

The present investigations were carried out in
the Department of Pomology and Florieculture, College of
Horticulture during 198384 with the objective of standar-
dising the propagation techniques in bougainvillea,

The studies consisted of two aspectss
(1) Macropropagation through cuttings and
(11) Micropropagation.

The following nine varieties from the germplasm
collection of bougainvillea under the All India Co~ordinated
Floriculture Improvement Project were used for the study.
The morphological description of these varieties are given
in Table 1.

1. Secarlet Glory

2., Jayalakshmy

3+ Enidlencaster

4, Lady Mary Baring
5s Thimma

6. Cherry Blossom

7. Mahara

8. Spring Festival

9. Maharaja of Mysore,



fable 1. Morphological description of bougainvillea varieties tried
Colour of the bract Nature of
fariety Origin Plant habit Flowering At flowering Change of colour star
from young to old
stage
. Scarlet Bud sport Intermediate Free and Tyrian- Fuschia purple, prominent
Glory with medlium profuse purple & finally tc
sized straight flowvering crimson
thorns
2. Jayalakshmy Seedling of Vigorous and Free and Fuschia Fushie purple Prominent
* Meera’ erect with profuse purple
straight and flowering
large thorns
5« Enidlancaster Bud sport Erect with Free and Orange Yellow shaded Prominent
fron straight proiuse orenge
'Louis Wathen* large flowering
thorns
o Lady Mary Bud sport Vigorous erect Prcfuse Yellowish Yellowish Prominent
Baring of 'Golden with medium flowering crange orange
Glow' - sized strzight with lerge
thorns clusters
5 Thimma Bud sport of Erect and Winter Magenta and Magenta and Prominent
' Mary vigorous with flowering white white
Palmep? beautiful
yellow and
en variegated
eaves
Contd...2



Contd, Table 1.

, _ Colour of the bragt Nature of
Variety Origin Plant hebit Flowering At flowering Change OF stay
cclour from
young to old
stage
6. Cherry Bud sport Erect with small Winter Multibragcted White with Not
Blossom of straight thorns Flcocwering white mallow purple prominent
'Los Banos usually sufficed about ¥3ird
Beauty* 4th from with grenish from the tip
tip tinge and along the
margin
Multibracted ‘*rhodamine* Not
7. Mahara Bud sport Vigecrous with Free flover- '
drigwins ing tracts 'i‘;:gim‘“‘ purple prominent
branches and appeering in P
large stralight large clusters
thorns
8. Spring Naturel Erect with small Free flowering ‘*Solferinc' 'Solferino’ Prominent
Festival hybrid of straight thorns purple purple
B. ctablis
Eﬁ A 8re
9. Maharaja Natural Vigorous with Profuse Cyclaaen Cyclamen Prominent
of Mysore hybrid of ium sized flowering purplie purple

%,aizogﬁbilis straight thorns

GoUYCE Pal a Vishauswarap L1974

6¢



with the application of different growth reguletors were
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The rooting efficiency of all the nine varieties

studied,

S.1,

!

Experimental deteils and layout

Design

- Factorial CRD,

Treatments - 11 (2 growth regulators - IBA and NAA

T0 =
™ -
T2 =
3 =
™ -
5 =
% -
77 -
T8 =
T9 =~
T10 =
Total

Totel
Gross

each

at % coneentrations and

including one control),

Control
IBA 100 ppm

Soaking the hasal ends of
IBA 300 ppm cuttings for 6 hours,
IBA 500 ppm
I3A 730 pP® ¥ oujck dip of the basal ends
IBA 1000 ppm of ecuttings for % seconds,
NAA 100 ppm

Soaking the basal ends of
NAA 300 ppm cuttings for 6 hours,
NAA 500 ppm
NAA 750 ppm Quick dip of the basal ends
NAA 1000 ppm of cuttings for 5 seconds.
nunber of trestments -~ 99
nusber of plots -- 99
plot size we 1,58 x 1.5nm

Net plot size

Total area required tdr the

experiment

-= 1m x 12

222.75 8q..m
(5056 Oent)o
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The area was dug thoroughly toc a depth of about

30 om eand all the weeds and stubbles were removed, Thus
the soil was brought ¢c a fine tilth, Raised bheds of

1% < 1.5m x 25.,0cm were prepared at a spacing of 30 cm
between beds, A fine mixture of sand and well rotten cattle
manure (3t1) wes evenly spread (5 cm) over these beds

before planting.

3.3, Ereparation of the cuttings
Hardwood cuttings of about 12 to 15 cm length and

2.0 to 2,5 cm in diameter were collected from the middle
portion of mature shoots of the nine wvarieties of bougain-
villea during June 1983 (rainy season) as well as in
February 1984 (summer season), Cuttings were prepared in
such a way that & flat cut on the top and a slaiting cut
of 1 to 2 cm long, were made just below a node. The
cuttings were tied into bundles of 50 for treating with
the growth regulator,

3elsy

In the preparation of stock solution precipitation
was noticed which was over come by the addition of few
drops of N/10 Na OH (sodium hydroxide) as advocated by
Miller (1963). Chemically pwre crystalline salts of IBA
and NAA were used for the preparation of growth regulator
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solution, The growth regulators were first dissclved

in minimsn quantity of 0.1 N alkall, 8tock sclutions of
1000 ppm concentrations of both IBA and NAA were thus
prepared by dissolving 1 g of the chemical in 0.1 N NaOH
solution and then slowky adding distilled water tc make
up the volume to one litre. Treatment solutions of the
required concentrations were prepared frcm the stock
solution by proper dilution with distilled water. These
solutions were used within two days of preparation and

kept in a refrigerator whenaver not in use,

3454 2 t he cuttin d plant

The cuttings were treated by prolonged dip and quick
dip methods., For prolcnged dip, the basal 3 to 4 cm of the
cuttings were sosked in dilute solutions (100, 300 and
500 ppm) of IBA and NAA for a period ¢f six hours and for
quick dip, they were dipped in 750 ppm and 1000 ppa scluticns
of IBA and NAA for five seconds, Fifty cuttings were used
for each treatment, The ocuttings were planted on the
prepared beds immediately after treatment at a spacing of

10 cnm.

To find out the effect of season on rooting of
cuttings, the experiment was conducted in two seasons viz,
during June, 1983 and during February 1984 with & duration
of three months in both cases, During June-September
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(Rainy season) the experiment wes carried out under open
field condition while,during February-May (Summer season)
it was conducted in pots in partial shade under irrigated
condition., The details of the medium used and method of
planting in pots are given under section 3,6.

3.6, P ation o ; R

A rooting medium consisting of cne part of red soil,
tvo parts of sand and 1 part of well rotten powdered cattle
manure, was prepared by thorough mixing, The pots of size
2% om x 15 ca were filled with this mixture leaving a space
of 10 cm on the tcp., A layer of sand (5 cm) was evenly
spread on the surface, before planting the cuttings collected
during February, 1984, Pots were kept under partial shade
and watered daily during the course of the experiment which
lasted for three months,

3e7e ) ' y

Regular weeding was done during hoth the seasons
without dasturbing the cuttings. 3eing reiny season, no
watering was needed during June-September in the case of
cuttings planted in nursery beds., The cuttings planted in
potswere irrigated deily during summer, BHC 10 per cent
dust was applied tc the heds/pots against the possible
attack of white ants,
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Rendom samples consisting of five cuttings were
uprooted from each treatment at fortnightly intervals,

The following observations were recorded.

3.9« Percent o ¢
The number of cuttings rooted were recorded under
each treatment and the final rooting percentage was computed.

3,10. Number of roots

The mean number of roots produced by cuttings were
recorded at fortnightly intervals,

3«11, Length of roo%s
The length of all the rocts produced on a cutting

was measured from the point of emergence and upto the
extreme tip. The mean length of roots per cutting wes
then worked out,

3.2, Fresh w of shoo

The shuots produced in the cuttings were separated
carefully and the mean fresh welght was found out by e
chemical balance.

3413, Humbec of shoots
The mean number of shoots produced in each of the

sprouted cutting was recorded at fortnightly intervals,
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Roots were removed carefully and washed thoroughly
t0 remove the dirt and soil particles, They were then
weighed in a chemical balance to get the fresh weight and
the mean value was calculated,

3.15. Shoot/root ratio

The mean shoot/root ratio was computed from the fresh
welight of shoots and that of roots, at fortnightly intervals
for a period of thres months,

3.16, h 8 hA

3.1641.

Representative samples of five to six cuttings were
taken from the whole lot uprooted at fortnightly intervals
during both the seasons, Cuttings were first washed in
tapwater and then in distilled water and dried thoroughly
in a hot air oven, at 80°C till constant weights were
obtained, The dried material was powdered in a Wiley mill,
Samples were analysed for total carbon and nitrogen as per

procedures given below,

3.16.2.Egtimation of organic carbon

The totzl carbon content of the mother plant and that
of the cuttings at fortnightly intervels, was estimated as
per the method suggested by Blackley and Walk's (Jackson,
1958).
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3+1643.Estis

Total nitrogen content of the cuttings as well as
that of the mother plent, was estimated by Kjeldahl
digestion and distillation method (Jackson, 1958).

30 170 t 1 31
The data recorded were statistically analysed using
standard procedures suggested by Panse and Sukhatme (1978).

The effect of varicus growth regulators and varieties
on rooting percentige was tested for significance using the
following formula,

,X?. S | ‘(mz - 01)2 b « numver of cuttings not rooted
ni n2 2D in each of the treatments/
varieties

where 7? = Chi-gquare value

a = number of n1 = total number cf cuttings
cuttings rcoted rogted in all the treat-
in each of the ments/varieties.
treatments/variety

n2 = total nurber of cuttings
not rooted in all the
treatments/varieties.

Siznificance tetween a peir cf trestments/varieties
was calculated as fcllowsge

2.g<m-bc|>-n/zg% where
* 8 & the ber of
(ard) (arc) (bed) (deo) ¢ are number o
cuttings rooted in two
treatoents/varieties,

b & d = number of cuttings
not rooted in two treat-
ments/varieties,

n= “m”d.
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The difference among various growth regulator treatments
and varieties in both seasons, with respect tc gquantitative
cheracters such as number ¢f roots, length of roots, number
of shoots, fresh weight of sheots and roots per cutting.
ano shoot/rcot ratic were tested for significance using

analyais of variance.

Correlation ccefficient among the various growth
parameters excepting for shoot/root ratio with percentage
of rooting was cuuputed from the following equation,

Exy - Ex,Ey
n

J(EZ= Ex. &) (B2 =Ey.E])

n

r=

Correlation coefficient (r) was calculated among the organic
carbon content, nitrogen content, C/N ratio and percentage
of rooting and tested fcr significance,

Expt.2. opropagatio ud

The multibracted mutant variety of bovgainvillea
viz. 'Mahara'!, which recorded a lower percentage of rooting
in the conventional preopagation method was mainly used for
the experinert. Cailuc formation was studied in two other
poor rooting vorieties viz, 'Cherry Blossom' and 'Spring
Festival',
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The tissue culture studies carried out were almed
at standardising a suitable technique for the propagation
of *'Shy' rooting varieties. The main aspects of the study
consisted of (1) Callus formation and regeneration
(11) multiple shoot formation (411) rooting of shoot.

The detalls of the medium and the explants used are
presented in the following sections,

8 Culture medium
In order to study the morphogenetic response of

bougainvillea explants in culture, the most widely used
MS medium (Murashige and Skoog, 1962) was tried, The
composition of the medium is given in Table 2,

3.1,  Preparation of the mutrient solutions

Stock solutions of major and minor nutrients were
prepared first, by dissolving the required quantity of the
chemicals in double glass distilled water and stored under
refrigerated condition, in amber coloured bottles, Due to
the problem of decreased activity during storage, the stocks
solutions of nutrients were prepared fresh in every four
weeks and that of wvitaminsg, amino acids and phytchormones
were prepared fresh in every week,



Table 2, Composition of Murashige and Skoog (1962) medium

Components Q‘(‘:’;}ﬁ’
Macro elements
Ammonium nitrete, NH4 NOy 1650
Potassium nitrate, KNO3 1900
Calcium Chloride, Caclz. 2H20 L&o
Magnesium Sulphate, Mg 804, THap 370
Potassium dihydrogen phosphate, KHy PO4 170
Iron Chelste, Nap EDTA 37.30
Ferrous Sulphate, Fe 304, 7Hpg 27.80
Micro elements
Boric acid, HB BOB 6.20
Menganese Sulphate, Mn 80,. THpg 22,30
Zinc chloride, Zncl, 3.93
Potessium Iodide, KI 0.83
Sodium molybdete, Na, Mo). ZHag 0,25
Copper Bulphate, Ca SO4. SHog 0.02%
Cobalt vhloride, Co C/2. SHag 0.025
Suecrose 30 g
4] c , @
inositol 100 mg
Nigotiniec acid 0,5
Pyridoxine Heol 0.1
Thyarine Hol 0.1
Glycine 2.0

Agar 7.0 g
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In order to standardise the optimum requirement cf
growth regulators for eallus formation, multiple shoot
formation and rooting, the basal medium of Murashige and
Skoog (MS) was supplemented with various growth regulators.
Two mejor groups of growth regulators viz, auxins, including
natural and synthetic and cytokinins were utilised for the

present study,

Stocks sclutions of 200 ppm concentrations of auxins
such as IAA, NAA, IBA and 2,4«D were prepared, 20 mg of the
auxins was dissclved in minimum quantity of 95 per cent
ethanol. The finel volume was made upto 100 ml in a standard
flask using double glass distilled weter. From the stock
solutions, the required quantity was pipetted out into the
medium, To prepare stocks solutions of kinetin (KIN) und
6~benzyl amino purine (3AP/BA), 0.1 N Hel was used instead
of ethancl.

3.1+2. Qther additives
Optional additives such 28 adenine and adenine sulphate

were used in the medium, to study their effect on callus
formation and multiple shoot formation respectively., A stock
solution of 1500 ppm concentration of both these were
prepared by dissolving 150 mg of chemical in water and making
up the volume to 100 ml using double glass distilled water,
Adequate quantity of these solutions were pipetted into the
medium,
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3.2. Preparet

Specific quantities of the stock soclutions of the
chemicals, as given in table 2, were pipetted out into a
1000 ml beaker. Sucrose and incsitol vere sdded fresh and
dissolved. Then the volume was made upto ahout 1000 ml by
adding double glass distilled water,

The pH of the solution was adjusted between 5.6 ¢35%.8,
with an ELICO Electronic pH meter, using 0.1 N Hol/NafdH,
Agar (7 gn) was added to the medium and the final volume was
made up exactly tc cne litre, The solution was melted at
90-95°C by keeping in a water bath, The medium was poured
to the culture vessels after rinsing with double glass
distilled water, The containers were filled upto ¥3rd
vclume and tightly closed with sterile cotton plugs.

In order tc ensure aseptic condition of the medium,
the containers plugged with cotton were autcclaved,
Sterilisation was done in a horizontal type steam steriliser,
for 15 to 20 minutes at 15 psi and 121°C temperature. After
sterilisation, the culture vessels were stored under
refrigerated condition,

3¢3. Explant

3.3.1. Sourge of explants
The excised plant part used for in vitro culturing

is oalled an explant., In the present study, shcot apices,
immature and mature axillary stem pleces, very immnature



leat (embryonic leaf) and mature leaf discs, formed the
explant (excised plant) sources to study their potential
for eallus initiation, For multiple shoot development shoot

apices alone wers used,

3.3.2. Collection of explants

Explants meant for culturing were collected from
active young sprouts of field grown plants, subjected to
pruning, Such sprouts were separated from the mother plants
using a sharp knife and brought immediately to the laboratery

for surface sterilisation,

¢330 ece sterilisa _of expl

The culture medium providesa very congenial condition
for the growth of fungi, bacteris and cther microbial
orgenisms, They may overgrow the explant arnd produce some
toxic substances which may inhibit the growth of the explant,
Sc the explant has to be surface sterilised, A separate
experiment was conducted to standardise the coptimum ccncen-
tration of the chemical and duration of the treatment, so
that the explants ware mede free of fungal and bacterial
contamination, without injuring the tissues, The details
of the methods of surface sterilisation tried are given in
Table 3,

Surface sterilisation was carried out using any of

the sterilants such as sodium hypochlorite and/or mercuric



Table 3. Standardigation of surface starilisation of
bougainvillee explants
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Explant Sterilant ' Concen=

Tine

tration (min.)
(%)
1 Shoot apiges Mercuric chloride 0.05 12«13
2 Immature axillary HRercuric chloride 0.3 8-10
sten plece
3 Mature axillary Abaolute alcohol 95,00 10 sec.
buds Sodium hypochlorite 245 1% min.
Mercuric chloride 0.2 12«13
4 Immature leaf Sodium hypochlorite 245 20=-2%
% Mature leaf Scdium hypochlorite 245 1
Mercuric chloride 0.0% 9-10
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chloride, depending on the maturity of the explant tissue,
Tc begin with, the collected shccts were defoliated without
injuring the buds at the apex/axils, washed thoroughly with
distilled water containing a few drops of surfactant teepcl,
followed by rinsing with distilled water. Further procedures
were carried under the aseptic condition of the incculation
chamber. The tiny leaves covering the apical buds were
separated out using a needle and were treated with the
sterilant, After the end of the required time, the sclution
was dralned off completely and rinsed thoroughly with
sterile double glass distilled water four to five times,
These explants were cautiously transferred to sterile petri
dish and cut intc 1 om pleces using sharp knife, Needles;
forceps and knife used for transferring the tissues to the
nedium were first autoclaved and repeatedly sterilised by
dipring in 95 per cent ethancl for 10 seconds followed by
flaming,

In the case of leaf explantis, after the surface
steriligation, leaf discs of about 1 8Q.cm size were
separated from the intact leaves and cultured. Embrycnic
leaves were used as such, To prepare the axillary stenm
pleces icr inoculation, 1 cm long immature shoot pieces
containing an intact axillary buds were excised using a
sterile knife,
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The transfer of sterile explants to the culture
medium 15 termed as incculation. All the operations
starting from the surfece sterililgation of explants upto the
completion of inoculation were conducted under perfect aseptic
condition, For this & 'Thermadyne' laminar air flow cabinet
(inoculation chamber) in which a steady flow of filtered
air, devoid of fungal spores and bacteria is maintained was
usad, Before the inoculation process, the chamber was
sterilised vy ultrz viclet rays, Then the table cf the
chamber, and hands of the operator were gwabd ed with alcohol,
Then cotton plug of the culture vessels were removed, and
the neck was flamed over a ges burner kept in the chamber,
The sterile explant was quickly transferred tc the container
with the help of forceps and slightly plunged into the
medium, The neck of the culture tubes were cnce again flamed
over the burner and quickly replaced the cotton plug.

3¢3. Culture gonditiong

After inoculation, the flasks/tubes were properly
labelled and incubated under 27+3°C temperature, Artificial
illumination was provided using coel white flourescent
lamps at about 2000 lux intensity for a photoperiod of
16 hours per day, Extreme care was taken to keep the
culture room and its premises free from dust and dirt,

~ The floor was sprayed with 3 per cent solution of
formalin,
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3.6, udies o » ()

Callus formation was studied using different explant
sources on MS medium supplemented with various concentrations
and combinations of auxins like NAA, IAA, 2,4~D and
cytokinins like BAP and KIN, Treatments tried are¢ given
below,

1) NAA = 0.5, 140, 1.5, 2.0 mg/1 + BA = 0.2, 0.5,
0.8 1.0 mg/l
11) NAA « 1.0, 2.0 mg/l + KIN 0,2, 0,5, 0.8, 1.0 mg/l

111) 244=D = 0,1, 0,5, 1.0 and 2.0 mg/l + BAP and KIN
gt 005 mg/l aﬂCho

iv) IAA = 0.5, 1.0, 2,0, 3.0, 5.0 + BA 0.5 mg/1

3.6.1. Effect of expl on callus foruation
Explent uged
Shoot apex
Immature axillary stem plece

Mature dorment buds
Immature and mature leaf tissue

These explants wéreé grown on MS medium supplemented
with an auxin and cytokinin for a period of five weeks,

Shoot apices were collecte. from three varieties of
bougainvillea viz, 'Mzharal, *Cherry Blossom' and 'Spring
Festival' and cultured in presence of NAA at 1.0, 1,5 and

2.0 mg/l + BAP at 0.5 and 1.0 ug/1.



The shoot apiees were inoculated into the medium
contalning the above growth regulators with or without the
presence cf adenine 15 ppm. Following observations were

recorded at weekly intervals,

Observations
1, Number of days taken for initistion of callus
2. Number of sultures forming callus

3. Percentage cultures forming callus
Growth rate of the callus

a) Mean length of callus
b) Mean width of callus

3.6.1. Subculturing f a oliferation

The callus was allowed tc¢ grow on the primary medium
for a period of four weeks, Then it was subcultured toc MS
50144 medium, The same hormonal combination of the primary
medium which gave meximum growth of the.callus was used as
the proliferation medium., The callus mass was cut into
small pieces using a sterile knife and aseptically trans-
ferred to the proliferation medium, These cultures were

maintained under similar conditions as mentioned earlier.

346024 RE ration from cal

Trial was conducted to obtain regeneration from
callus tissue by transferring the tissue mass on tc solid
MS medium supplemented with IAA at the rate of 0,01, 0.1



48

md 0.4 mzg/l and BA at 0.2, 0.8 and 1,6 mg/l, together with
0.01 mg/1 GAy, Calcium pantothenate and biotin each at
0.05 mg/l. The culture tubes/flasks were labelled and
incubateu under 2723°C and 2000 lux light intensity fopr

16 hours photoperiocd,

3+7. Myltiple shoot formafion
The explant used for studying the multiple shoot

development was shoot apices from *Mehara' variety of
bougainvillea, The treatments included the following
combinations of growth regulators-0, 0.5, 1.0 and 2.0 mg/l
of 3AP and 0, 0.8% 1,0, and 2,0 mg/1l KIN.; 1.0, 3.0, 9.0
and 16,0 mg/1l of 3AP alene.

Solid M5 medium supplementad with the above hormonal
combination were utilised for culturing the shoot apices and
they were maintained under the same conditions as mentioned
for callus formation for a period of 45 to 60 days. They
were subcultured tc the same medium after this period, so
as to aveid the risk of nutrient depletion from the medium,
The following cbservetions were racorded after the develop=-

nent of shoots,

Gbservations

i. Numnber of cultures that developed shoots
114, Elongation of shoots (cm)

iil, Number of shoots/eculture

iv. Number of leaves developed/culture
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Effect of sdenine sulphate on multiple shoot
development was studied by incorporating 50 mg/l of the
substance in the culfture medium before sutoclaving.

For rooting of apical shoots of bougainvillea, 1 cm
explants were cultured on Murashige and Skoog sclid medium
containing both full and half strength of all major and
minor gelts along with various combinations of asu:ins,

Treatments given were as follows,

Full strength of MS salt + NAA at 2,0 and 4,0 mg/l
Full strength of M5 salt + IAA = 3,0, 4,0 and 6,0 mg/1
Full strength of MS salt + IBA 0.8 and 1,6 mg/l

Full strength of MS salt + IBA 0,1, 0.2 and 0,4 mg/l+
IAA.O.1’ 0.2 and Q.4 mg/l.

Half strength MS salt (¥2 MS) + NAA 2,0 and 4,0 mg/l

¥2 M8 + IAA 3,0, 4.0 and
6.0 ag/l

2 MS + IBA 0.8 and 1,6 mg/l
Y2 MS + IBA 0.1, 0.2, 0.4 mg/l+
IAA 0.1. 0.2 and
0.4 mg/l.
Sucrose w 350 g

Agar ws 7,0 8

The shoot apices after surface sterilisation were
transferred to the above media and kept both under light
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and dark conditions for initiation of roots, Both fresh
shoot apices from field grown plants and pree¢allused shoots
were utilised for rooting,.

Qbservations

1 Number of days taken for root initiation
2. Percentage of cultures rooted

3, Number of roots/culture

4, Mean length of the longest roots,

3.9. Plant (")

Rooted plantlets were transferred to small plastic
containers filled with equal parts of aterilised sand and
80il, The plantlets were taken out from the culture vessels
with the help of forceps and needles, Then the agar
adhering to the roots was completely removed by washing with
sterile distilled water and planted out in pots. Then they
wvere covered with glass beakers to maintain high humidity

and these pots were regularly watered,

1 a al
The data pertaining to callus formation, multiple
shoot formation and rooting, were analysed statistically

using chiw-square test of analysis,



RESULT
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RESULT. .

The results of the present studies on standardisation
of macro and micropropagation 4in bougainvillea are presented

hereunder,

LT £f 0 n_ro

Effect of rooting hormones like IBA and NAA on
adventitious root formation was studied during two seasons
viz. June to September 1983 (rainy season) and February to
Mey 1984 (Summer secson) and the results are presented in
Table 4. A perusel of the data indicated that all concentra-
tions of I3A and NAA had pronounced effects on rooting of
cuttings compared to control, However, IBA S00 ppm gave
maximum rooting percentage of 63,1 during rainy season and
66,2 during summer, The percentage of rooting was minimum
in control 26.4 and 31.0 respectively during these seasons,
Statistical comparison of different treatment effects,
carried out using chiesquare test (Appendix I & II) also
proved the significant superiority of IBA 500 ppm treatment
over others, The effect of IBA and NAA on rooting is
illustrated in Fig.1. An coverall analysis of the data
showed thot IBA was more effective in inducing rooting of
cuttings in bouguinvillea compared to NAA. Further it was
evident that, of the two methods, soaking the basal ends in



Table &4,

Effect of growth regulators on rooting of cuttings

(Values in percentage)

No.of Con- EBA IBA IBA 1IBA IBA EAA NAA NAA NAA NAA Mean
cuttingstrol 100 300 S00 750 1000 100 300 500 750 1000
Yariety Season per
treat-
Mt o
Scarlet Rainyt_ 50 52.0 82.0 86.0 B8,0 76.0 76.0 82,0 82,0 78.0 54,0 70.0 76.9
Glory Sumcer< S0 %50.0 64,0 58,0 88.0 62.0 86.0 54.0 56,0 64.0 58.0 B0.0 65.4
Jayalakshay Rainy 50 64,0 B8h,0 88.0 92.0 72.0 76,0 80,0 86.0 84,0 72.0 7T8.0 79.4
Sumner 50 58,0 68.0 70.0 80.0 55;‘0 82,0 58,0 60,0 7"»0 80,0 66,0 68.%5
Enidlancaster Rainy 50 24,0 66,0 68.0 TB.,0 60.0 70.0 7T4.0 T8.0 48,0 42,0 42,0 59,0
Summer 50 24,0 32.0 40,0 48.0 24,0 2“.0 26.0 3000 30-0 2&‘0 2‘500 29;6
Mary Rainy 50 18,0 56.0 62.0 66,0 26.0 32.0 26.0 26,0 32.0 20,0 28,0 36,3
Bar Summer %0 26,0 34,0 48,0 70.0 40,0 62.0 24,0 5‘0.0 44,0 30.0 20.0 40,0
Thimne Rainy 50 14,0 30.0 26.0 42.0 24,0 34.0 31,0 40,0 32.0 20.0 20.0 32.5
Sumner 50 20,0 34.0 50,0 64,0 36‘0 46.0 46,0 52.6 60,0 54.0 36,0 48,5
Cherry Rainy 50 20.0 32,0 32.0 46,0 24,0 26.0 24,0 38,0 28,0 28.0 28.0 30,0
Blossom Summer 50 30.0 36.0 L2,0 66,0 30.0 5‘506 26.0 30.0 5400 60.0 3".6 40,1
Mahara Rainy 50 16.0 46.0 50.0 55,0 20.0 32.0 32.0 50.0 38,0 20.0 28,0 37.2
Sumner 50 22,0 L"OQO 50@6 68130 40,0 5240 22,0 58.0 6000 %.O 22.0 L.sb‘l'
Festival Summer 50 2‘3.0 1&2.0 36.0 5800 5000 &8.0 562.6 M.O 2400 5009 50‘0 142.5
Maharaja of Raliny 50 18,0 56.0 56,0 58,0 24,0 50,0 52.0 56,0 44,0 26,0 46,0 44,3
sm“ Summer 50 26.0 3‘500 "‘2-0 6‘3-0 28,0 “8-0 3000 66-0 42¢° Mhro 38-0 &203
26.4 54,2 56,9 63.1 39.1 4T.5 47.0 55.1 46,2 33.7 40.2
31.0 42,6 48,2 6642 43.5 53.1 38.2 50.8 49,5 47.3 44,8
1 « June-September 1983 Chi~gquare values 3 197 .60
2 = February-May 1984 92.2%¢ en
Yy

*## Significance at 1 per cent level

of prcbability.
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dilute solutions (100, 300 and 500 ppm) of IBA and NAA for
a period of six hours was found tc be more effective than
quick dip for five seconds in concentrated solutions of
750 or 1000 ppm.

The response of nine varieties of bougainvillea with
respect to rooting during rainy as well as summer seasons is
presented in Fig.2. Response of these varieties varied
during both seascns. During rainy season the number of
cuttings rcoted were more in the varieties 'Scarlet Glory',
tJayalakshmy', 'Enidlancaster' and 'Maharaja of Mysore!
compared to that in summer, while the percentage of rooting
wag more during summer in other varieties like 'Lady Mary
Baring', 'Thimsat, 'Cherry Blossom!, 'Mahara' and 'Bpring
Festival' (Table 4), The variety 'Jayalakshmy' recorded
maximum rooting of 79.4 per cent and 68,5 per cent
respectively during rainy season and summer season, followed
by variety 'Scarlet Glory' 76.9 snd 65.4 per cent respecte
ively during these seasons, Minimum rocting was cbserved in
the varieties 'Spring Festival' (30.0 per cent) and *'Cherry
Blossom' (29.6 per cent) during summer season. Comparison
of different varieties using chi-square test also showed a
siznificant variation in rooting among different varieties
- (Appendix III & IV).

The effect of weather parameters like maximum and
minimum temperature, relative humidity, total prainfsll and
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the nuunber of rainy days cn rooting of cuttings is given
in Appendi: V., The weather parameters seemed tc influence
the rooting of cuttings, From the present study it was
observed that a higher percentage of rooting was obtained
when the rainfell was maximum snd during this period

varistion in temperature was also less.

4.2,  Number of yoots
The consolidated data on the effect of IBA and NAA

at various concentratlions on nusber of roots produced at
monthly intervals zre presented in Table 5a, 5b and 5c.

It was obaerved that treating the cuttings with IBA and NAA
simificantly increzsed the number of roots over the control
(Appendix VI) during reiny as well as in summer seasons,
Highest nuuber of roots per cutting was observed with I3A
300 ppm (26.5 and 13,9 respectively during rainy season
and summer season) followed by IBA 500 ppm (22,38 and 12.5)
twe months after planting for rainy and summer periocds
(Table 5b). However, there was no significant difference
between these two treutments. Minimum nunber of roots was
recorded in the control (5.23 & 2.6 for the above two
seasons), The effect of IBA and NAA on root production is
depicted in Plates I to IV. It could te concluded that
soaking the bagal ends cf the cuttings in dilute solutions
of IBA and NAA was more effective in producing more nunber



Table Sa. Effect of growth regulators on number of roots/cuttings one month after planting
: Gon- IBA IBA 1IBA IBA IBA NAA NAA NAA NAA NAL Mean
Variety Season  trol 100 300 500 750 1000 100 300 500 750 1000
Scarlet Glory  Raimyl, 7.0 18,5 42.5 21.0 15.0 15.0 19.0 20.0 21.0 18.5 19.0 19.77
woer? 3.0 585 15.5 14,5 4.0 3.5 13.5 9.0 11.5 10.0 11.5 9.22
Jayalakshmy Rainy 6.0 12,5 22,0 26.5 9.5 5.5 17.5 20.0 19.0 10.5 11.5 13.72
Summer 4,0 7.0 26.5 23.5 11.0 8.0 13.0 19,0 19,0 13.5 16.0 1522
Enidlancaster  Raimy 1.5 16,0 35.5 25.5 9.0 12.0 12.5 31.0 24.0 8.5 12.5 17.09 D
Summer 300 *05 18c5 1395 5.5 3:0 9.0 5:0 9.5 505 605 7.55 gcgg
Lad: Mary Bar Ra 30 7.5 14,5 12,0 4,0 6.0 3.0 245 3.0 35 3¢5 505"’ ®
y ing Suﬁiﬁr 1.0 2.5 12.5 9.0 1.0 1.5 8.9 1«0 5.5 3.0 " .
m R&w 1.0 2.0 1‘300 11 .5 3‘5 605 3:0 “45 1“&0 95 Q.O 5;0“‘ SBM
Summer 240 2e 5 12,0 11.0 3¢5 3.0 9¢ 5 3'5 9. 5 6.0 9.0 60 31 - 1.16
Cherry Blossom  Rainy 1.5 2.0 12.5 7.0 3.0 4.0 1.0 7.0 3.0 2.0 2.5 3.36 =93
Suanmer 1 «0 2.9 4,0 1005 1.5 245 8.5 3.0 7.0 3.0 3.5 5005
Mahara Ram 245 6'0 16-0 12.0 205 9.5 2s 5 8.0 1#%0 3e5 3.0 709
Sumner 1.0 2.0 20.0 11.5 1;5 2.0 11‘0 6.5 305 5.5 8.0 6:73
Spring Festival Rainy 3¢5 LeQ 1340 6e5 55 5.0 6.5 8.5 6.5 5.0 2e9 beT2
Summer 1.0 2.5 5.0 ’2«5 3¢5 35 10.0 %5 5.0 55 700 6.90
Maharaje of Rafny 25 7.0 16.5 10.5 5.0 9.0 1.0 9.0 7.0 4.5 6.0 6.36
Mysore Summer 1.0 55 10.0 9.0 345 4e5 Fe5 9.5 7.0 Te5 7.5 7«55
3,16 B.38 20.76 14.50 6,33 8405 7.33 12,27 12,38 6,38 7.16
,‘“& ?3.” 13.” “SQm 3.& 3.50 %0.% 6.11 8.61 6,61 8, 16
CD = 3.60 BEM = 1.28
3.21 1.1%

¢¢



Table 5h, Effect of growth regulators on number of roots/cuttings two months after planting

Con~ IBA IBA IBA IBA IBA RAA NAA NAA NAA NAA Mean
Veriety Season ;1 100 300 500 750 1000 100 300 500 750 1000

Scarlet Glory Rainy 15.0 22.5 67.5 41.5 19.5 19,0 32,0 41.5 41,5 28.5 38,0 32,09
Summer 7.0 10,0 29.0 17.5 8.5 9-5 16.0 11.0 1205 11.5 ?105 13009

Summer 5.0 10.5 27.5 22.5 8,0 10.0 26,0 11.5 20.0 15.0 17.0 16.09
Enidlancaster Rainy 5.0 20.5 48,5 41.0 17.0 10.0 22.0 25.%5 34,0 25,5 33,0 2%5.22 CD=
Sumnmer 2.0 8.5 1505 1“:5 17-5 5:0 13-5 8.0 “‘205 91:5 905 9-59 50@
Lady Mery Baring Rainy 2.5 9.0 22,0 16.5 6.5 3.0 7.5 10.5 15.5 9,0 10.0 10.18 -*03
Summer 1.0 205 15&5 10;5 1.5 2.0 6.0 205 505 205 3.0 l‘t"z
Thimma Rainy 4,0 10.0 26.5 22,0 6.5 5.5 14.%5 20.0 22,0 10.5 20.0 14.68
’ Sumner 2.5 6.5 18.0 1505 50 61-5 10.0 6.5 9.0 TeO 8-5 8.46 SEN=
Cherry Blossos  Relmy  /2y3 5.0 18.5 123 3.0 2.5 5.5 2.0 9.0 3.0 7.0 7.04 2.
Summer 160 2.5 110 Bu0 15 145 T0 3.5 5.0 3.5 4,0 4,46 '°
Mahara Rainy 2. o5 23,5 15,5 2.5 3.5 6.0 10.5 11,5 6.0 8.5 8.64
Sumner 05 305 16.5 10.0 2.0 3D 600 305 5&0 “.5 5.0 5.50
Spring Festival Rainy 1.0 3.5 11,5 7.0 2.0 2.5 4,0 4,5 5,0 4,0 4,% 4,50
Summer 1.5 3.@ 11.0 7.5 2.0 2¢5% 7.0 3.5 5:6 5;0 4.5 hc??
Maharaja of Rainy 6,5 8.5 21.0 19.0 4.5 6.5 13.5 18.0 18.0 9.0 10.5 12.64
Mysore Summer 245 Le5 9.5 8.5 ‘ 35 3.5 8.0 5.0 5.0 5.5 7.5 6.00

5¢33 1066 29.27 22.38 8.44 T.16 13,39 17.77 19.88 12,72 17.4b
2.61 5.72 17.05 12.50 5.55 4.88 11,05 6.11 8.83 7.11 8.1

CD = 6.51 SEM = 2,32
335 1.19

96



Table 5Sc. Effect of growth regulators on number of roots/cuttings three months after planting
Con~ IBA IBA IBA 1IBA IBA RAA NAA NAA NAA NAA Mean
Yariety Season trel 100 300 S00 750 1000 100 300 500 750 1000
Searlet Glory Rainy 11.0 22.5 63.5 32.0 13.% 21.0 29,0 25,0 27.0 22,0 24.5 26,68
7&5 805 17.0 1560 8.0 8.5 11.5 11.0 1“.0 10.5 10.5 11.09
Jeyalakshmy Rainy 70 16.0 23.5 20,0 10,0 13.5 25.0 19,5 15.5 13.5 15.5 16,36 CD =»
Sumner 305 1255 Zsle 20.0 ?605 1000 1805 12.0 18.5 1“'0 15.5 1“063 “;63
Enidlancaster  Rainy 6.0 7.0 46.5 34,0 4.5 22.5 11.0 30.0 27.5 4.5 18.5 21.09 2.22
Sumner 2.0 -5 18,5 9/.0 345 ‘h‘)’ 505 500 7.0 5.0 5;’ 6 35
108 Simmer 1.3 5.0 15.0 13.0 3.5 3.3 10.0 4.3 11.0 6.0 8.3 7.36
Thimma Rainy 3.0 5.5 22.5 15.0 5«0 3.0 be5 6.5 10.5 9.5 8.0 8.4%5 SEM=
Summer 2.0 4,0 13;5 8.0 240 2.5 6:5 “05 8.0 5.0 55 5¢59 1’65
Cherry Blossom  Eainy 2.5 2.0 10.0 10.0 3.0 3.0 3.5 60 7.0 6.0 2.0 5.04 0.75
Sunner 2.0 3.0 10~0 B85 2.5 2.5 5.5 3.5 5.5 4.5 3.0 4.86
m 25 4,0 ’1‘5 7.5 3.5 3¢5 5.5 4,0 7.0 6.0 5.0 550
8 Festival Railny 1.0 3.0 11,5 7.5 2.0 1.0 6.0 3.0 7.0 4.5 5.5 4,72
prm Sumner 2.0 3.5 7‘5 7¢9 2.0 200 6;0 &.0 605 “.0 505 4.“1
mﬂja of Rainy 4,0 T.0 24,5 23.0 hos 4.5 11.5 5.5 20.0 9.0 9.0 11.18
Mysore Summer 1.0 3.0 TeS Ted 2.0 25 6.0 3.5 7.0 4.0 5.0 hoth
4,70 10.33 26.50 18.88 7.11 $.,00 11.83 12.33 15.77 10,61 11.38
2.66 5.33 13.94 10.72 54,16 4,38 B.33 5.77 9.38 6.55 7.22
CDh = 5,119 SEM = 1,82
2.45 0.87

LS



Plate I, Effect of 1IBA on root production in the
var. 'Scarlet Glory!

T1e Control

2. IBA 100 ppm
3 IBA 300 ppm
4, IBA 500 ppm
5. IBA 750 ppm
6. IBA 1000 ppm

Plate II. Effect of NAA on root production in the
var, 'Scarlet Glory?

Te NAA 100 ppn
8, NAA 300 ppm
9. NAA 500 ppm
10. NAA 750 ppm
11. NAA 1000 ppnm
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Plate III. Effect of IBA on root production in the
var. 'Spring Festival'

1. mm

2. ppm

. m Pppm

Se IBA ppm

6. IBA ppm

Plate 1IV. Effect of MAA on root production in the
var, 'Spring Festival'
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Fig-5. EFFECT OF 1BA ON NUMBER OF ROOTS DURMG
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of rocts than quick dip in concentrated solution, The
number of roots prodused was maximum two months after
plantiné.which decreased slightly after three months in
almost all treatments., The seasonal influence on root
produstion with IBA and HAA treatment is illustrated in
Fig.3 to 6, The number of roots produced in all the
treatments and verieties were more during rainy season than

during summer season,

The data on monthly production of roots of different
varieties cf housainvilloa_are alsc furnished in Table 5a,
5b and S¢. The statigtical analysis of the data showed
significant difference between the varieties (Appendix VI),
Maximum number ¢f roots were produced in the variety
'Scarlet Glory' (32,07) followed by the varieties
'Enidlancastert (25,22) and 'Jayalakshmy' (18.22) end the
least in 'Spring Festival! (4.5)s A graphical representation
of this is given in Fig.,7. Root production in varieties
like 'Lady Mary Baring', 'Thimma', 'Cherry Blossom', !'Mahara'
and 'Maharaja of HMysore' wes significently lower than the

three varieties mentioned above.

be3. Length of roots
Pooled data on the mean length of roots at monthly

intervzls as affected by IBA and NAA treatment are presented
in Table 6a, 6b and 6¢., Irrespective of the seasons,
treating the cuttings with NAA 300 ppm produced the longest



Table 6a, Effect of growth regulators on length cof roots (ecm)/cutting one month after planting

Con~ I3p IBA 1IBA IBA IBA NAA NAA NAA NAA NAA  Mean
Variety Seasom . $rol 100 300 500 750 1000 100 300 500 750 1000

Scarlet Glory Rainy 1606 1,27 120 1.02 1,10 1.36 0.78 2.28 0.87 0,91 1.01 1.16
Summer .38 1,05 1005 1.10 0.89 0.80 0.78 1.%0 1.05 0.89 0.87 0.93

Jayahkahly RM 0.95 1009 1¢°2 0.9“ 0697 131 O.M 1¢5¢2 0075 0.83 0.88 0-97
Summer 0.50 1,37 1.33 1.40 0.93 0.99 1.02 1.1‘5 1.08 1.06 1;% 1.10

Enidlancaster Raliny 0.78 1.15 1.6& 0,75 0.98 1,38 0.55 2.10 0.5 0.75 0.75 0.98
Sumer 055 1.03 1,03 1,05 0-?5 0056 0089 1;05 0.39 0.98 0.93 °¢89 D =

Lady Mary Saring Reiny 0.82 1.09 1.02 04746 1.00 1.13 0,38 1.89 0.66 0.846 0.70 0,93 g’fgﬁ
Summer 0eB0 1.18 1,97 1.21 0.87 0.87 0.9 1.28 1.10 1,10 0,98 1,04 “*

Thimma Raiay 0e94 1412 107 0.88 1,00 1.27 0.43 1,58 0.5 0,55 0.64 0.90
Summar 0,60 0489 0,82 0.38 0.65 0,65 0.70 0.77 0.76 0.75 0.75 0.78 o

Cherry Blossom Rainy 0.67 147 1.08 0.81 1.04 1.28 0.26 1.78 0.63 0.59 0.77 0.94 0,252
Summer 036 0,86 0,67 0,36 0.46 0,38 0.60 1,03 0.62 0.53 0,53 0.64 0.05

Mahara Rainy 0e73 0491 0495 0459 0.73 729 0033 134 0.63 0.48 0.53 0.850
Sumner 0.%52 0.92 0036 1.28 0059 0053 0.&3 1.35 0»62 0083 0'?5 OOBB

Spri.ng Festival R&m 0eB5 1.02 0,89 0.82 0,87 1.03 0.50 142 0O.41 0.60 0.69 0.841
Sumner 0’43 0.96 0.85 1.01 0.52 0057 9‘71 ‘it"? 0‘83 0677 0&7“ 0.77

mma of Rm 1.10 133"‘ ’.26 0'92 1013 137 0.71 1.55 0076 9090 ot91 1.08
Mysore Sunmer 0.53 111 1.08 1.17 0.83 0.62 0.87 0.91 0.95 0.9%92 0.91 &93

0,897 1.12 1.05 0.82 0.97 1.26 0.45 1.83 0.64 0.73 0.76
0.52 1,04 0.98 1,13 0.75 0.66 0.78 1.16 0.91 0.87 0.84

CD = 0,279 SEM = 0,09
0.171 0.06



Table 6b. Effect of growth regulators onlength of roots (cm)/cutting two months after planting
Con=- IBA IBA IBA I3A IBA RAA RAA NAA NAA NAA Mean
Variety Season  tro1 100 300 500 750 1000 100 300 S00 750 1000
Scearlet G}.OI" Rainy 3.86 5.27 Lobs 3,34 4,12 5.88 1.41 5.94 1.95 2453 3.05 3.80
Sunmer 1‘17 2.82 2065 3.32 1.39 1Q25 1-5} 5’21 2;% 1‘9“‘ 1&55 2&72
Jayalakshw R&m 2033 2.93 2068 2+28 2.56 3&85 1023 3.% 1.67 1.59 2.00 20&6
Stmr 0095 2.“2 2;34 2.83 1."7 1030 103“ 2.87 1'95 1090 1‘39 1.%
Enidlancaster R‘my 195 2.59 2,0t 1.93 1:% 2.70 1.“5 3.08 1,51 1069 1.86 2.07 CD =
Summer 1603 2,53 2,28 2.85 1,28 1.26 1.39 2.89 1,98 1.63 1.40 1.87 0.%8
Lady Mary Bering Rainy 148 157 1.52 133 1.51 1.83 0,82 2.06 1,21 1,26 1.29 1.44 0,642
Sumner 1,18 2,42 2,04 2.85 1.41 1.52 1.60 2,90 2,00 1.78 1.62 1.90
Thimma Rainy 1,82 2414 2.05 1.79 1.90 2.4k 0.89 3.80 1.35 1.48 1.70 1.9%
Summer 130 3,21 3,10 3,65 2,00 1.64 2.13 4,43 2,43 2,39 2,09 2.58
Ch.m Blossom Ram 1.57 2.7“ 1.83 1.56 1065 2'82 0.8"‘ 2.89 1.6“ 1.& 1.“ 107‘ SEN
Summer 195 3.03 3,00 3,05 2,15 2Ju4ls 2,65 3591 2,82 2.%4 2065 2.71 0.185
Mahara Ralay 1,36 173 1.61 1.52 1.60 1.77 1.08 2.4 1.26 131 140 1.5 0.23
Sunaer 1.57 2. 2.“? 2.54 1.83 1c65 230 2.80 2,26 2,20 2.12 2.19
Spring Festival Raliny 1654 1.T2 198 1,51 1.955 1.84 0.80 2.32 1.42 1,43 1.45 1.56
P & e Sumner 1:36 Red2 2.90 3125 1'70 1.% 230 “.61 280 2.26 2420 2.53
m&& of Rmy 2.68 352 2.81 2.42 272 1493‘“ 133 4137 1.‘4“ 1.85% 1.94 2.68
Mysore Sumier  1.80 3.32 2,84 3.40 1.69 1.48 2,00 4,20 2.59 2.50 2.44 2.61
310 2,68 2,28 1,96 2.15 3,05 1,09 3.35 1,42 1,62 1.80
1637 283 262 3,08 1.65 1.56 1.92 3.69 2.29 2,13 2.13
CD = 0,572 SEM = 0,204
0.71 0.253

NQq



Table 6c. Effect of growth regulators on length of roots (cm)/cutting three months after
planting
Con IBA IBA IBA IBA XBA NAA NAA NAA RNAA RAA Mean
Variety Se2scn  gpol 100 300 500 750 1000 100 300 500 750 1000
Scarlet Glory R.in}' 5.66 3.55 T17 730 3.05 8.65 S5e4T7 L.82 5,20 %5857 4T3 5.78
Sumrer 282 4,73 9.16 10,67 3.25 4.97 5.32 6.77 6.02 6. 4.97 5.75
J”alm Rainy 5.80 4451 3.76 2.76 3.74 3¢87 302 2.71 3,49 2,950 4.02 4.,9%
Summer 2:T0 3.49 5.16 5,96 5.87 4,27 3.78 9.01 5.46 3.25 5.80 3.69
Enidlancaster Ram 3.08 4,02 3.% Bta“ 3.49 2.206 3,21 4,05 2&37 2.19 3.75 3.,87TCD =
Sumner 2,08 4,60 3.45 3.57 5.9 6.07 3.54 4.25 2,92 2.03 4,h2 3,23 ‘1‘.&
Lady Mery Baring Relny 2¢29 5,99 S.4bh 3,65 2,81 3,99 3.10 3,75 3.30 1.98 2,01 3,94 "*
Suzmer 3,16 5.1h 469 5,10 3,03 7.55 4.61 3,67 5.66 5.39 4.92 h.
Thimme Rainy 2026 2,73 3422 3.20 1,61 2.30 2,44 4,92 2.81 2,15 1,65 2.78 $EM
Sumner Fo5h 4492 4,35 5,60 3,37 448 3,47 5.78 5.20 6,53 2.%0 4,33 3'399
Cherry Blossom Ralny 1e58 2.49 3432 3,49 2,83 3.35 2,06 2.5 2,13 1,94 3.00 2.72 °°
Sunnmer 1.95 590 36k 5.67 3.95 3.56 2.7h 4.52 3,19 2,16 3,00 3.%%
Mahara Ram 2,00 2,02 2,00 3,01 2076 1.96 2,72 1.82 2.62 2.67 el 2490
Sumuer 3467 5427 4.5€ 3,96 4,38 2,61 4,94 2,42 3.44 3,79 4.85 3,60
Spx Festival Rainy 232 4,60 342 2.20 2,35 3.T71 2,21 3,00 2.17 2.55 2.66 3.70
ing Sumner 3.30 3,08 5,17 To10 2,50 5,76 2,32 4,56 2.35% 3,2% 3,20 3,06
Mnharaja ot Raw 3e38 2,78 3,74 4406 3.53 2.1 2.%5 5096 5.0z 5065 4,60 5.93
WIO!‘. Summer 1.37 11.57 “.51 1.87 Zo?S 7033 8.30 8033 P 6067 9006 l&-Zﬁ
31 4,73 4,66 4,38 3.46 4,80 3,40 4,94 3.52 3.64 3,70
269 Lobhh 4,42 4,49 3,59 3,42 3.T1 4492 4.18 4,16 3,98
1.1 0.398

19
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(4.94 cm) roots. Length of roocts was more in all the auxin
treated cutting than in the control, Statisticel analysis
of the pooled data to compare various treatment effects
confirmed the significant difference . between them (Appendix
VII). A graphical representation of mean length of roots
produced per cutting as influenced by IBA and NAA treatment
may be seen in Flg.8 and 9, It could be observed thst there

was not much variastion in length of roots between seasons,

The present study also indicated that the root length
differed significantly between the verieties (Fig.10).
Maximum length of roots w@®. recorded by the varieties
;Mlharaja of Mysore' (5.93 and 4,24 ecm) and 'Scarlet Glory'
(5.78 and 5,75 om) during the twe seascns, The results
further indicated that in general, rcot length was legs
during summer seascon than in raeiny seacon in cvs: 'Scarlet
Glory', ‘'Jayalakshmy', ‘Enidlancaster' and 'Maheraje of
Mysore'!, while, it was more during summer in varieties like
'Lady Mary Burling', 'Thimma‘', 'Cherry Blosscm!', 'Mahara' and
'Spring Festival',

hobe Number ¢f shoots
The mean number of shoots produced per cutting of

different varieties during the two seasons is presented in
Tables 7a, 7bh and 7c, The results showed that there was no
significant change in the number of shoots produced with the



Table 7a. Effect of growth regulators on number of shoots/cutting one month after planting
Con= IBA IBA IBA IBA IBA NAA NAA NAA RAA RAA Mean
Variety Season 4pol 100 300 500 750 1000 100 300 S00 750 1000
Scarlet Glﬁ!‘? Rainy 25 3.5 2.5 2e%H 340 2.0 3.0 3.0 3.0 30 1.5 2.68
Summer 1.9 345 2.9 1.5 3.0 3.0 25 3.0 1.5 245 35 2.4%5
J‘yam Ralﬂ, 2.0 240 300 2.5 3.5 2-5 2.0 205 2.0 240 1-5 2-3‘
Summer 105 3.0 1.9 1.5 2¢5 1.0 2.9 1.5 3.0 1.0 25 1.95 Ch =
Enidlancaster Ralny 1.5 2.5 4.0 2.5 2.5 3.5 3.0 3.0 2.5 2.5 2.0 2,68 '8
Summer 2.0 240 2.5 265 2.0 340 2.0 2e5 2¢5 2.5 4,0 250 .
L&dy M BW Ram 300 3.5 3.0 1.5 1.5 2e5 3.5 2.0 1.5 1.5 2.0 3‘95
Summser 2e¢5 2.0 245 1.5 260 25 1c5 2.9 3.0 1.0 2.0 2.W
Thim:a Rainy 140 1.5 245 2.5 2.5 3.0 15 2.0 240 1.0 1.0 1.86
Suansr 1.5 2.0 2.0 260 1.5 2.0 1.5 3.5 149 1.0 1.0 177 g!g“‘
Cherry Blossom Rainy 1e5 3¢5 340 2.5 2.0 2.5 2.5 3.0 2.5 2.5 2.5 2.5 ,°2.
Sumner 1.0 2.0 4.0 2.5 3.5 3.5 2.0 2.0 1.5 3.0 1.0 2.40 0+226
Mshara Rainy 1.5 3.0 2.0 3.5 3.0 3.0 340 29 2.5 2.0 2% 259
Sunner 2.0 245 4,0 4.0 1.5 5e% 1.5 1.0 h4e5 2e5 1.5 2,81
Spring Festival Rainy 105 2.0 1.5 3.0 1.0 2.0 1.0 2.0 2,0 1.0 1.0 1.63
3.5 5.5 4e5 3.0 2.5 3.5 3.5 2.5 2.5 2.5 5.0 3.59
Maharaja of Rainy 25 35 3e5 4,0 1.5 2.0 245 3.0 3.0 1.0 1.5 2459
WSO“ Sunner 240 25 2¢5 3.0 245 3¢5 1.0 2.0 245 2e5 2.0 2q36
1688 2677 27T 26T2 227 255 2.44 2,61 2,05 1.83 1.72
134 2477 2.9 2,44 2,22 3,05 2.00 2,38 2.5 2.06 2,38
Ch = 1,58 SEM = 0,565
0.70 0,250

£9



Table 7b. Effect of growth reguletors on number of shoots/cutting twc months after planting
Con=- 1IBA IBA IBA IBA IBA NAA NAA NAA NAA NAA Mean
Variety Seascn  +p;1 100 300 500 750 1000 100 300 500 750 1000
Scarlet Glory Rainy 245 3.9 2.9 2eD 3.5 245 ﬁ'oo 30 240 25 340 e
Summer 105 2¢5 3:0 2.0 2.0 2;5 300 1.5 20 2.0 245 .22
Jayalmm Rainy 2.5 205 500 5.0 269 3.5 240 3-0 2.0 3eD 345 2 .81
Summer 1.5 305 05 2.0 2'0 .Q ,.O 1.5 'I.O 3.0 1;0 2&00 CD =
Enidlancaster Rainy 1.0 1.5 2.0 2.0 3.0 2.5 2.5 2.5 2.5 2.5 2.0 2.8 037
Sunmmer 1.0 4,0 2.0 2.5 2.0 2.0 249 20 2.0 1.0 2.5 2e31 7°
L‘dy m Rainy 2.0 105 295 2.0 2e3 3‘5 2.5 305 3‘5 2.5 3-5 205‘
Barm Sumnmer 1-5 2.0 205 3-9 395 2‘0 35 2.5 3.0 3.0 240 2022
Thimna Rainy 2.0 245 15 1.5 1.5 Be5 3.5 2.5 2.5 24:0 29 231 SEM
Sumner 1.0 1.5 2.0 15 2.0 240 2.0 105 2.0 tﬁ 2.0 1072 ﬂ’aﬁ
Cherry Blossom Rainy 2.0 3.0 3.5 3.0 3.0 3.5 5.0 3.0 3.5 3,0 3.0 3.22 9217
Sumner 2.0 505 4,0 2.5 340 1.5 1.5 2.0 30 20 25 2.77
Nahara M 345 1.5 5.0 2.0 4,0 245 1.5 4e5 Ze5 7.0 2.0 Ze 35
Swowmer 205 3.0 205 2.0 3.0 25 105 2.0 2¢5 105 2¢9 2-31
Spr Festival Rainy Te0 245 25 55 465 1e5 15 2.0 245 4,0 2.5 2.72
m Silmmx‘ 2:5 3:6 3-5 14.5 235 ﬁns 2‘5 1t§ 200 309 2&0 2.86
Megharaja of Rainy 2.0 3.0 1.5 3.0 2+0 443 25 25 240 240 35 2.81
Mysore Summer 240 3.0 1e35 3.0 240 bes 245 345 Lo 2.0 3¢5 2.72
2027 238 2483 2.T2 3,00 2,88 277 294 2.62 3,27 2.77
1.83 3,00 2,50 2.55 2.44 2.50 2,22 2.00 2.33 2.1% 2,38
co 0.892 SEM = 0,318
0.544 0.194

%9



Table 7c. Effect of growth regulators on number of shoots/cutting three months after
planting
4 Con~ IBA 1IBA IBA IBA 1IBA NAA NAA NAA NAA RAA Mean
Variety Season 451 100 300 500 750 1000 100 300 S00 750 1000
Scarlet Glory R‘m 2.9 4,0 3e 345 29 3e> 365 25 2.5 25 . 8.3 3.04
Summer 2.5 240 2.0 2.5 245 2e5B 25 2.0 1.5 2e5 1.5 2.18
Jayalakshzy Rainy 3.0 245 3.0 2.0 3 5 2e9 3¢5 3¢5 245 2.5 3¢5 2.90
Summer 2.0 1-5 20 2¢° Q5 2.5 2'5 1.5 2.0 1¢5 25 «-9’ CD m
Enidlancaster Rainy 4.0 4.0 3.0 35 3.0 4,0 35 2.5 4,0 2.0 2.5 3.27 g‘ggg
Summer 3.5 1.5 2+9 1.0 15 2.0 2.0 3.0 2.0 2.0 3.0 2,18 V*
Lady Mary Baring Rainy 3e5 4,0 245 3.0 3.0 340 3.0 3¢5 245 3.0 2.5 3.00
Susper 1.0 240 1.5 1.0 1«5 2.0 3.0 3.5 2.0 1.5 2.0 1.90
Thimne Rﬁw 25 3.0 2.0 3.0 1.0 25 300 2.’ 305 2% 10’ 20“’ SEN
Sunmer 1.0 1.0 1.5 2.0 1.5 1.5 1.% 2.0 1.5 2.0 2,0 063 0.23
Charry Blossom  Raiay 3.0 2.0 3.3 3.0 1.5 3.5 3.0 3.0 3.0 1.5 3.0 2,72 9142
Susmer 2.5 2.8 2,0 3.0 2.5 1.5 3.0 1.5 1.5 3.0 2.5 2.36
Naharsa RM 2&5 ll.O 245 2.0 5.5 2.5 3.0 3.0 ‘0.0 2.0 300 2+90
Sumter 2,0 2,0 2.0 1.5 245 2.0 249 1.5 2.9 1.5 1.0 1.90
Spl‘ing Featival R‘W 1.0 3.0 2.0 115 249 249 310 2.0 2.5 2‘5 2.5 2027
Sunmer 3,0 2.0 2¢% 1¢5 2¢5 3¢5 2.0 1.5 3.0 25 245 2,45
MB of Ram 3.0 35 4,5 145 25 25 245 1.5 3.0 4,0 2.0 2.81
WSO“ Summser 1.0 1.0 15 3¢5 2e9 240 2.0 3.5 3.0 25 3.0 2.31
207? 3.33 2.9“‘ 2'50 2055 20% 3.11 2.% 2.83 2.72 20“
2608 1,72 2,05 2,0 2,05 2422 2.05 2,33 233 2,05 2.22
(04 3] 0.729 SEM = 0,26
0.440 0.157

&9
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various concentration of IBA and NAA during rainy seascn
(Appendix VIII). But during summer, the treatment
difference in number of shoots was significant in the
early periocd, The number of shoots produced per cutting
was more during réiny season than in summer in slmost all
the treatments(Table %¢). The mean number of shoots was
maxinum (3.33) 4in IBA 100 ppm treatment three months after
planting during rainy season, while it was maximum (2.33)
in NAA 300 ppm treatment in summer, The number of shoots
wasd not found to be influenced by the method of treatments.
Shoot production waégébntlnsd to the top most two to three

nodes,

The data on the number of shoots per cutting in
different varieties indicated significant variation between
scason., Maxirum nurber of shoots were prcduced in the
variety 'Enidlancaster' (3.,95) during reiny season, while
it was maximum in ®*Spring Pestival' (3,59) during summer,
one moath after planting,

heSe F weight o ot

The data on the mean fresh weight of shoots produced
per cutting in different treatments at monthly intervals are
presented in Tables 8a, 8b and ¢ and the results of the
statistical analysis in Appendix IX. The results revealed
the significant influence of growth regulators on the fresh



fresh welght of shoots (g)/cutting one month

Table 8a. Effect of growth regulators on
after planting
Con- IBA IBA IBA IBA IBA NAA NAA NAA NAA NAA  Mean
Variety Season 401 100 300 500 750 1000 100 300 S00 7%0 1000
Scarlet Glory Rainy 0637 012 0462 0,12 1.40 1.47 1.26 0.46 0.92 0.61 0.59 0.816 CD =
Summer 0,149 416 1,315 2,01 4,25 2,62 1.70 1.45 1,53 0.62 1.53 1,583 346.5
Jayalakshay Rainy 0.65 1.10 1,12 1.37 0.875 1.28 1.29 1.41 0,43 0.80 0.350 1.386 043
Summer 1,19 1.61 1.252 1,47 1.35 1.93 1.32 1.45 1,59 2.68 2.14 1,570 SEM
Enidlencaster Rainy Q.37 1.53 .74 0.89 0.59 0.98 0.55 0.9 0.41 0.26 0.483 0.769%33‘2
Lady Mary Baring Ra 0.38 0.6h 1.30 1.54 0.5 0.85 0.107 0,45 0.89 0.71 0.137 O.
smix?;r 0.64 0.85 2.25 1.24 0.80 1,10 0:49 078 1.32 0.73 0.4L5T O
Thimnma le Ce19 Q.73 033 0.6’ 0.91 0.38 0.36 0.32 0.48 9035 0 12 Ot“"
Summer 0.36 0.79 1.25 0.73 1.06 1.7 1.13 1.22 1.00 0.56 1.12 0.969
Cherry Blossca Rainy 0,12 0.49 0uB81 071 105 0.20 0413 0.45 0,13 0,17 0,28 0,342
Summer 0O.28 0055 0.91 0.80 1¢2§ 129 0.28 0,70 C.53 0.88 0.802 0, 61 b
Mahara Rainy Ce16 0,82 0,68 0.27 0.88 1.07 047 0.23 1.19 0.4 0.162 0.510
Summer 0.30 1.01 1,49 1.35 0.99 1.12 0.53 1.12 0.14 1.1 0.83 1\.00’&
8pr1ns Festival le Q.24 0035 0.63 0.40 0,22 0.29 0.}0 002" 0.15 0.19 0.26 0-320
Summer 0.27 0036 3'53 0.50 0.“3 032 0.19 051 0.49 0,30 0.33 0.35%0
Maharaja of Rainy 0«15 0.51 0.86 0.69 0,18 0.21 0.61 0.27 0.77 0.16 0.51 0.35%0
N’sor. Summer 0,10 1.22 "077 O¢92 1.72 1.20 1‘70 1.02 190“ 1ot‘5 0.‘08 1.060
0.295 0,84 0,88 0,16 0,59 0«75 0.76 0,57 1.19 0.41 0,32
Oels3 084 1,33 1.23 1,27 1.42 0.83 0.99 0.89 1.08 0.98
CD = 383,17 SEM = 136,7
336,42 120,02

L9



Table 8b. Effect of growth regulators on fresh weight of shoots (g)/cutting two months
after planting
Con- IBA IBA IBA IBA IBA NAA NAA NAA NAA NAA Mean
Variety SeS80m grol 100 300 500 750 1000 100 300 500 750 1000
Searlet Glory Rainy 54.45 4,51 4,40 0.75 2482 47T 3.97 4.00 2.44 2,06 2.60 3.624
Summer 1.88 3005 3.36 .5’ 3 “058 6.30 £-7° “.56 7.45 “‘03“ 5005 4059 w'
Jayalakshay Ralny = 2.97 3.21 3.74 2.90 3.03 3.95 2.33 238 1.58 2.33 2.02 2.916 o Tas
Summer 2.37 2.42 1.81 4,34 6.B1 3,03 3,11 2.39 2.25 3,09 3,00 2.988 “*
Enidlancaster Rainy 0.56 1,50 1.91 1.93 1.65 3.27 3.30 2.11 3.18 1.44 2.06 2.132
Summer 2,00 4,56 2,72 3.05 3,09 5,41 2,61 1,63 3.31 1,87 2.68 2.900 %-1
Summer 1,59 2.36 1.19 2.57 4.50 1.37 3.48 2.84 5.46 2.02 3.59 2.85 10100
Thimma Rainy 2.49 2,18 1,45 2,08 1,09 1.79 1.48 1,98 1.64 1.96 1,66 1.86
Summer 2,88 2,98 1,71 2,42 4.68 2,37 2.15 4.23 1.76 2,10 2.21 2,66
Cherry Blossom Rainy 083 2,10 2,15 4,01 0,66 1,25 2,16 1.28 1,25 1.32 0.76 1.62
Sunmer 2'89 2:38 502“ “t?“ 3057 21\75 1.32 5v°1 2067 2.2“' 2.19 2.99
Mahara Bainy 0,35 1.86 2.5 1,08 1«85 2.24 1,91 1.89 1,18 2.89 1.84
Sunmer 1,21 1.23 3.13 6.99 3.56 2«71 0,99 2.01 2,38 2,10 2.91 2,57
Sprins Festival Raw Qs 55 0.50 0.56 0.88 0.64 0.83 0,“9 Ou 51 9.89 1 Q01 063 0. 79
Summer 0.64 1,09 0.78 3.29 1.68 1.68 1,97 1.33 0.86 2.33 1.47 1.48
Habara:)a of Rainy 1490 5450 2,75 2472 1.25 3.60 1,26 2.86 2.55 3,80 1,77 2.72
Mysorse Summer 1.26 3.57 4.45 5.12 1,13 6.70 2.79 3.16 6.62 4,55 4.61 4,00
1a71 276 2,66 238 1.67 2,73 2.02 2,34 1.97 2.18 2.05
1¢86 2,63 2.71 G484 3,71 3.53 2.35 2.49 3,62 2.43 3,02
CD = 1487.17 SEM = 314.13
949, 2 114.67
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Table 8c. Effect of growth regulators cn fresh weight of shoots (g)/cutting three months
after planting
Con- 1IBA IBA IBA IBA IBA NAA NAA NAA NAA NAA Heoan
Variety Season ¢yl 100 300 500 750 1000 100 300 500 750 1000
Sgarlet Glﬁl‘y RM 595 4,76 8,00 8.85 5:59 B.15 5.79 6.07 4.66 351 517 5.86 CD =
Summer 6.70 B8.:25 11,47 1035 T.45 740 6.67 6.80 6.80 T.49 7.53 7.9 g.&
Jayalakshmy Rainy 6.48 4,45 13.49 5.12 4,55 6412 4,61 T.55 4,50 5,93 5.57 6.29 *°
Sumnrer 2:68 ho}ﬁ 5.m ‘*.‘45 5079 &'125 14'83 l&.22 4,82 4.#‘0 1.8‘& 40.32 SEM
Enidlancaster Rainy 194 4.11 3.14 3,15 3,49 3,69 4,07 5.75 3.34 2,18 2.89 3,.;2 0.479
Summer 2.78 5165 3402 5.87 4,61 5.42 6.7% 3.21 5.50 2,15 3.12 4. 0-305
Lady Mary Baring Ralny 2,681 6,50 7.66 2,30 2,77 L.16 5‘11 349 5.29 3,02 2.9 4,11
y Sunmer 2.40 B.33 7.26 5.22 5.80 3.54 4.00 5,45 5,86 2.89 5.17 5.08
Thioma RM 2¢6° 273 3&@ 3‘0" 227 2492 2.33 2:75 2402 206‘ 2,05 21”
Sumner 1.T4 337 4,69 5.10 5,45 4,71 3,78 5.38 4,95 3.99 2,75 4,12
Cherry Blossom 1695 3,06 B32 3,45 2,78 2.1% 2.8&1 2:50 2.64 1,92 2.5 2,55
Summer 6.05 3.80 7.26 L.80 4.30 7.12 4,49 3.2% 3.90 3.17 3.23 4.
m Ra’,ny 1'02 3.55 2:63 2.7" 3;“9 2.38 2.65 2.“6 2‘26 21&3 3;83 2068
SUDRET 3,01 Te35 Te8T7 TeB2 6.13 6.98 1.71 3.90 4,48 4,69 3.39 5.27
S;rhlg Festival Rainy 0.90 1,80 1.44 1,29 196 1.43 1,31 1.62 1¢31 1,41 1,34 1.50
Sunner 1:7"4 2015 1-95 2455 2185 2.“3 3-65 10"4&' 193 3&16 3&51 2949
Maharaja of Rainy 4.79 T.49 5,82 4,40 2,58 7.37 3.30 3.78 3.60 2.28 2,55 4,63
H’SO“ Summenr 2.58 4051 5:% 5-33 6.29 603“ 5055 6"&8 8.82 -71 51‘07 5069
B3:93 4,28 5,29 3.81 3.26 4,08 3,55 4,00 3,00 3,14 3.13
}.08 5.31 6'% 5!68 5’“0 5‘34 “.60 A‘C% 5"6 &‘m 3'%
0.95 0.530
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weight of shocots. The shoot welght was minimum for the
control (2%.12 g, 3.07 g respectively during rainy season
and summer season) while it was maximum (5.28 g and 6.04 g
respectively for the corresponding periods) in the case of
I8A 300 ppm (Table §c). The results further indicated that
of the two growth regulators used, IBA at all concentrations
produced higher shwot weight compared to the corresponding
levels of NAA, The method of treatament did not seem to
influence the shoot weight,

The data on the effect of growth regulators cn shoot
weight of different varieties are also furnished in Tables
fa, 8b and 8¢, 1In all the verieties, the shoot weight was
more during sunner season, except in the variety 'Jayalakshmy!
which produced maximum fresh weight of shootis/cutting 6.2 g
during rainy season followed by 'Socarlet Glory' (5.36 g).

But the variety 'Scarlet Glory' ranked first during summer
with a shoot weight of 7.9 g It was minimum for 'Spring
Festival! (1.49 g and 2,48 g) irrespective of the seasous.

4,6. Fresh weight of roots )
The consolidated data pertaining to the fresh weight

of roote produced per cutting in different treatments and
varieties at monthly intervals are tabulated in Tables 9a,
9b and 9¢ and the results of the statistical analysis are
furnished in Appendix X. From the yresults it was found that



Table 9a. Effect of growth regulators on fresh weight of roots (mg)/cutting one month
after planting

Con~ 1IBA IBA IBA IBA 1BA NAA NAA NAA NAA NAA Mean
Variety Season ¢rol 100 300 500 750 1000 100 300 500 750 1000
Scarlet Glory Rainy 82.5 137.5 345.0 170.0 100.0 120.0 275.0 130.0 340.0 117.5 T7.5 172.27
Summer 62.5 129.0 924% 125.0 T71.5 110,0 91.5 126.0 111.,5 80.0 98.5 99.8%
Jayalakshmy Rainy 57.5 102.5 100.0 435.0 85.0 225,0 102.5 160.0 131.0 175.0 126.5 184, 5&

Summer 21.5 90.% 97.5 163.0 77.0 102.5 70.0 93.5 118.0 50.0 60.0 85.77

Ledy Mary Baring Rainy 27.5 42.9% 150.0 127.5 80.0 “$7.5 45.5 14.5 161.5 32.5 #40.5 7T1.77 SER
Sunmer 16.5 42,0 “1.5 52.0 25.5 34.5 18,0 25.5 51.5 17.0 18,0 31‘” “Q’“

Thinsma Rainy 13.5 44.0 $1i5 B81.5 52.5 92.5 70.0 95.0 125.0 29.0 27.5 52.” 3.77
Summer 20,5 5""5 375 “065 2105 18,0 17.0 27.0 51.5 22.5 ”15 29.90

Chu'ry Blossom Rﬂiﬂ, 1705 M ‘87&” 39.0 2705 26.5 21.0 47»5 2205 19.0 “2'5 39 %
Suzmer 15.0 24.0 26.5 28.% 16.5 1B.0 17.0 28.5 20.0 16.0 14.5 20.13

Mahara Rainy 19,0 97.5 47.0 37.5 19.0 102.0 &1.5 57.5 110.0 47.5 22.5 54.68
Sumser 17.0 31.0 20,0 3805 20,0 30.5 26.0 305 38B.0 19,5 20.0 260‘05

Spring Pestival Rainy 13,0 16.0 26,0 29.5 14.5 22.5 16.0 27.5 35.5 20.0 22,5 22.09
Sumner 1&’ 5 22.0 35.0 43.0 22,0 32«0 31 . 5 43#5 37’ 5 2600 29,0 30.5"

m&da of Rainy 10.0 61.5 b2.5 5705 5 107.5 49.5 :21.0 6105 “705 24,0 50.%
m’ﬂ" Sumner 29.5 3505 56o° 65:0 5.Q }5.5 40,0 32.5 3700 23‘0 30-5 3901’

275 T5.72 113.27 129.7 61.22 97.44 105,05 93.16 142,72 63.66 52.11
25.3 60.22 72.9 98.83 45.38 55.55 63.44 59.27 71.06 39.88 48.88

CD = 35‘78 SEM = 12075
11.70 4.17
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lable 9b.

Effect of growth regulators on fresh welgiht of
planting

roots {mg)/cutting two months after

Variety

Cone I1BA IBA IBA IBA IBA
Seeson  4yp1 100 300 500 750 1000

NAA
100

NAA
300

Scarlet Glory

Jayalakshmy

Enidlancagter

e

Thimme

Cherry Blossonm

Mahara

Ralny 275.0 587.5 1400.0 322.5 320.0 775.0
Summer 134.5 185.0 177.5 400.0 265.0 165.0

Sumser 105.0 175.0 437.5 440.0 344.,0 127.5

Rainy 80,0 242.5 234.0 345.0 170.0 220,0
Summer 90.0 160,0 119.5 220.0 115.0 127.5

Rainy 800 157.5 195.0 142.5 108.0 135.0
Sumnmer 75.0 102.5 117.5 115.0 156.5 126.0

Rainy T6.5 127.5 115.0 382.5 102.5 152;5
Suamer T75.0 160,.0 195.0 350.0 99.0 111.0

Rainy 82.5 92.5 137.5 170.0 70¢0 89.0
Sumaer 55. 71.5 %05 140.0 00 78.0

R&m 87.5 117.5 110.0 122.% 80.0 195,.0
Summer 61.5 125.5 115.0 132.0 107.5 100.0

Spring Festival Reiny 55.0 62,5 85.0 117.0 62.5 103.5

Mahsraja of
Mppore

Summer 66.5 87.5 70.0 120.5 90.0 101.5

Summer 750 92.5 127.5 237.5 80.5 77.%

1465.0

241.5

1725
270.0

432.5
115.0

136.5
115.0

147.5
87.5

115.0
83.0

122.5
79.0

47.5
T7+5

127.5
112.5

1070.0

225.0

212.5
380.0

462,5
135.0
155.0
106.0
157.5
126.0

85.0

6.5
150.0

87.5

110.0
106.5

3775
150.0

1075.0 305.0 192.5
484,0 201.5 269.0

187.5 210.0 156.5
265.0 220.0

118.5 309.0

87.5 145.0

707.95
250,18

178.68 CD
292,18 95, 3¢

265,1329+0
131,40

M
114.2730. 3;
159.90
1542580

70.68
102.40

9745

0 110,54

88.9%
0.45

123.68
2T0.22

106.55 24B.77 314.33 217.77 130.8 233.3 307.8
65.83 128,33 158,44 240.5h 145.2 112.7 132.3

308.88
153.61

151.9 154,2
9 126.3 123.7

CD = 109,88
32.07

SEM =

39.20
11."“

¢l



'able 9c. Effect of grcwth regulators on fresh weight of roots (mg)/cutting three months after
planting.
ariety Season Con- IBA IBA IBA IBA IBA NAA NAA NAA NAA NAA Mean
trol 100 300 500 750 1000 100 300 500 750 1000
carlet Glory Rainy 1567.5 1655.0 1812.% 1675.0 1000.0 1900.0 1300.0 1680.0 2527.% 200.0 400.0 1428,86
Summer 335.0 530.0 687.5 912.5 362.5 430,0 296.5 640.0 770.0 537.0 477.5 543.50
ayalnkﬂuy Rainy 50705 370'0 800.0 578¢5 1‘6000 306‘0 “60.0 935‘0 725-0 77000 52205 WO%
Summer 324.,5 469.% 669.0 660,00 614,00 367.5 450.6 501.5 882.5 349.5 385.0 515.77
nidlancaster Rainy 197.5 492.5 285.0 422.5 301.5 377.5 407.5 565.0 337.5 157.5 340.0 353.09 cD
Sumner 135.0 200.0 412,55 249.0 150.0 120.,0 462.5 164.5 253.0 119.5 128.5 217.22 .64
arang Sumner 15000 3“0.0 37705 382-5 200.0 275&0 15705 39‘3‘00 ‘QZOQO 13500 255.0 213Q§
'hiame Rainy 16%.5 277.5 282.5 575.0 245.0 2B7.5 512.5 347.5 220.0 162.5 142.5 292.72 SEM
Summer 124,5 247.5 285.0 605.0 155.0 387.5 205.0 532.5 467.5 405.0 137.5 322.86 73.71
herry Rainy 92.5 220.0 227.5 168.0 633.0 182.% 162.0 153.5 192.5 120,0 165.0 210.5%9 32.66
losson Sumser 142.5 335.,0 2B84.5 599.% 264.0 210.0 185.0 188.0 214,00 181.5 162.5 251.5
jaharsa Rainy 132.5 220.0 242.5 233.0 173.0 182.% 137.5 158.0 147.5 220.0 142.% 180.81
Summer 127.5 284.0 237.5 375.0 265.0 151.5 142.5 225.0 200.0 150.0 145.0 209.36
pring Ratny 132.5 172.5 196.5 242.5 902.5 140.5 115.0 199.,0 15:.,0 132.5:417.5 227.81
estival Sumner 127.5% 150.0 122.5 175.0 141.0 205.0 155.0 185.0 292.5 200.0 107.5 169.18
ysore Summer 109.0 119,0 250.0 314.5 137.5 266.5 352.5 587.5 560.5 200.0 212.5 286.31
261.83 506.56 492.33 477.67 455.44 493.77 394.05 525.88 544,77 311.11 366,33
175.05 29716 374,00 474,33 254.33 268.11 267.38 379,77 451.91 253,05 224,05
CD = 228.42 SEM =81,68
101.22 36.11

£l
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all growth regulators induced a better rcot growth over
the control (Fig.11 and 12), Between the two methods of
growth regulator treatments, prolonged soak method in

NAA 500 ppm, recorded the maximum fresh weight of roots
(544,7 mg end 451,11 mg) irrespective of the seasons

(Table 9¢). The root weight was minimum during both the
seasons for the cuttings which received no growth regulator
treatment.

Fige 13 depicts the variation in root weight in nine
varieties of bougainvillea during rainy as well as sumcer
seasons, The mean fresh weight of roots per cutting was
maxinum for 'Scarlet Glory' during both the seasons,
although the root weight varied significantly hetween the
two seasons, Cuttings of the varieties like 'Lary Mary
Baring', 'Thimma‘’, 'Cherry Blossom', 'Mahara' showed slight
increase in root weight during summer, while it was more
during rainy season, in other varieties viz, 'Scarlet Glory?,
tJayalakshmy', *Enidlancaster!, 'Spring Festival' and
'Maharaja of Mysore'. A positive relationship was noticed
betwaen shoot weight and root weight within a partiocular
season (Table 8¢ and 9¢).

4e7.  Sheot/root ratio

The data on the effect of IBA and NAA treatments én
shoot/root ratio at monthly intervals are furnished in



Tables 10a, 10b and 10¢ and the details of statistical
analysis in Appendix XI. The results revealed that the
growth regulators significantly influenced the shoot/root
ratio, especially in the early periods, The influence was
more pronounced in summer than in rainy season, It was
interesting tc note that the ratio was highest, one month
after planting, which gragyally decrecsed towards the third
month, Among the various %reatments NAA 750 ppm produced
the highest ratio (15.6) during rainy season, while IBA
1000 ppm recorded the highest ratic (31.%) during summer
(Table 10b). In general, the shoot/roct ratio was more
during summer season than in rainy season, DBetween I3A and
NAA treatments, IBA produced comparatively higher ratio than
the corresponding levels of NAA,

Among the different varieties, the shoot/root ratio
varied signifiecntly. In all the varieties, the retio was
more during summer than in rainy season, In summer, the
ratio was highest (46.0) in the variety 'Cherry Blossom' and
the lowest (13,17) in 'Jayalakshmy' (Teble 10b). But in
rainy season, thé variety 'Lady Mary Baring' and 'Scarlet
Glory!'! produced the saximum (18.2) and minimum (8.4) ratio

respectively.

-

Inter correlation coefficient was worked out among

the different root parameters like root number, length,



Table 40a. Effect of growth regulators on shoot s root ratio/cutting one month after
planting
Con- IBA IBA IBA IBA 1IBA NAA NAA NAA NAA NAA Mean
Variety Season gr01 100 300 500 750 1000 100 300 500 750 1000
Secarlet Glory Ralny 4.49 8.83 4,92 6.13 14.41 12.21 8.46 3.75 4,70 5.59 7.28 7.34
Sumner 2.37 8.65 14.58 16.63 22.65 23.50 13.59 11.78 7.88 8.51 5.74 12.35
Jwam Rainy 11.95 15,12 11.04 3.29 10.67 5.63 12.49 9.40 16.41 4,62 2.78 8.85 Ch=
Summer 28.44 8,07 5.06 4,18 12.31 18.48 5,21 10.18 B8.59 24,84 17.60 12.99 2.6
Enidlancaster Reiny 11.04 9.12 3.71 5.32 1041 6.81 3.18 4.12 1,46 3.08 4,79 5.73 5.95
Sumner 39:60 10.48 3‘.28 2“.93 31047 agoO? 25193 29051 25082 ‘02066 25.8# 30.60 °Q92
Thimma Rainy 7.16 16.62 4,70 13.09 19.70 3.76 4.72 3.18 3.59 11.66 4.20 8.40 2.1
Sum:er 17.80 27.45% 33.00 18,17 mum 83,00 5“.2" 45,01 15.50 27.32 29,85 35.95
Cmy Blosaom Rainy 6.75 14,37 19.12 18,70 4‘63 8.95% 7.% 9.16 5.40 8.77 6#61 9.99
Summer 19,17 21.07 ‘09066 28.43 43,28 75-15 16.21 32&76 26035 534:% 57‘35 380“9
Mahara Rainy 8.76 5.71 14.61 6.86 4.5% 10.50 11.14 4.00 13,72 8.56 8.12 8.77
Summer 17.36 35.25 65.85 35.77 49.19 38.26 21.33 37.31 31.23 33.97 47.89 37.56
Spring Festival Ralny 17.95 22.94 16.30 17.20 14.23 14.41 19.05 18.33 13,47 11.75 11.57 11.13
Sunuer 6.75 18.14 18{62 16.68 19099 6;82 13t52 5383 4378 13.00 8.79 16:5’4
msa of Rainy B.Bﬁ 17.32 20.08 11068 2.21 1087 12'9" 12072 1‘0.92 3'63 21'69 11067
Mysore Sum:@r 7.36 16.00 32,03 14.39 40.67 34,87 41,26 33,99 21.76 63,28 15,42 29.19
10.03 14,38 12,36 10,48 G.76 8.31 10.99 8.29 8.03 8.90 7.882
18.06 18.30 30.57 18.56 30.87 37.81 22,54 24,06 16.73 32.96 25.39
CD = 2,88 SEM = 1,02
6'58 2.35
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Table 10b,

Effect of growth regulators on shoot ¢ root ratio/cutting two months after
planting

Yariety

Season

Cone=
trol

IBA IBA IBA IBA IBA NAA NAA NAA
1005005907501000100300500

NAA RAA Mean
750 1000

Scarlet Glory
Jayalakshmy
Eamaaeastar
Lady Mary Baring
Thinna

Cherry Blossonm
Mahara

Spring Festival

Maharaja of
Mysore

Rainy
Summer
Rainy
Summer
Rainy
Summer

Rainy
Sunmer

Rainy
Sumuner

Rainy
Sunner

Rainy
Sumrer
Rainy
Summer

Rainy
Summer

21.19
13.97

26.48
25.45

7.00
22.17
16.76
21.03

23.19
11.63

10.21
53.51

3.56
19.78
9.58
8.17
17.23
15.68

TeT2 3416 13,01 9.51 6,42 2.59 3.76 2.36
17.89 21,10 18,79 19.98 43,22 12.31 19,91 16.86

12,17 26,75 15.20 15.80 29.70 13.408 11,08 8.64
16.51 4.13 10.34 19.87 23.56 11.62 6.27 4.78

4426 8,05 7.89 10.07 16,22 F.30 4.29 10.78
2B.81 23.60 19.67 24,09 42,44 24.73 11.90 22,00

19429 22.56 16,24 23.71 21.15 7.55 18.88 16.78
23,12 10.13 22.83 30.10 10.87 30.73 9.42 41,41

16,91 12,50 9.63 10.35 14.53 10.03 14.23 7.06
18.96 8.88 6,23 49,28 16.09 21,09 27,55 9.66

19.23 15‘35 23.87 8.28 13.46 7.46 13.58 13.78
33433 82.41 61.83 73.87 31.17 21,17 47.82 24,18

15,69 24,36 9.69 19,91 17.45 15.71 12.14 13,9
10.68 27.32 61.09 36.75 27.67 25.88 28.B52 18.05

11,10 6,55 7.49 10.97 7.65 9.65 11.44 7.8%
20.85 8.72 27.36 16,84 15,27 32.23 %2.23 6.54

Bb6 9.55 15.67 20.79 8.22 9.83 9.17 65.80
41,66 61,00 46,17 15.54 47.31 26.8B4 16,76 26.9%

9.22 13.62 8.41
25.10 19.41 20,78

13.60 19.66 1750
11.64 13,89 13.19
16,24 7.03 9.01
8055 25’72 23;62 ?72
20.65 17.55 18.28 %*3
17.% 41,% 23:@7 5410

15.52 1 .h % - 4 SEN
1.3 22:33 18.54 1.3

11.50 6,57 14,07 182
25.66 51,40 46,03

23.73 30.53 16.97
19547 47.40 27.78

8.32 8.5 9.01
22,06 20.35 17.33

210% 9.86 12,50
55.54 50.99 35.76

12.02

12.76 14.33 13.19 14,37 14.97 10.95 10.54 9.77

15.63 ‘anzﬂ

20.94 23,53 27.48 30,48 26.81 31.48 19.39 21.47 19.78 21.54 31,

CD = “’016 SEM = 10&3
5.64 2,01

LL



Table 10ec. Effect of growth regulstcrs on shoot t root ratio/cutting three months after
planting '
Con=- IBA IBA 1BA IBA 1IBA NAA HAA NAA KAA NAA Mean
Variety Seasol grol 100 300 500 750 1000 100 300 3500 750 1000
Sumner 21,38 15.59 17,65 12.02 20.67 17.22 22.68 11.45 8.35 15.08 16,77 16.27
Jayalakshuy Rainy 13.71 13.59 17.05 8.84 10,01 19.35 9.81 6.? 2465 8437 13.34 11,27 CD =
Summer 8,22 9.2% 8.58 7.02 11.08 12;73 10092 8. 9.02 9.91 10-3“ 9.58 §Q§
BEnidlancaster R 9.65 9,17 11.37 6.92 13.37 12.53 9’% 11.28 10.85 13.68 8.28 10.64
Semmer 20,88 20.35 B.15 2846 35.00 M6.01 1esdh 20442 24.92 18.39 27.51 24073 g
Lady Mary Bar Rniny 18,20 11.48 24,76 18,08 21.53 16.93 27.32 13.0h 13.18 14,35 10.15 17.19
e maar 16,88 25.69 19.60 13.57 29.06 12.85 26.15 13,42 14,14 1881 19.8% 19.40 1+
Thimme Rainy 12.88 10.17 10.48 8.81 9.22 9.40 8,45 7.9% 9.87 17.83 14.78 10,95
Summer 14,17 13.46 16,59 B8.74% 34.94 12.66 18.36 12.88 11.91 9.94 16.3h 15.45
Cherry Blossom  Rainy 12.57 13.85 10.11 19.61 20.07 11.83 16.76 15.85 13.33 15.76 16,15 15.08
i Summer 268.20 17:&% 2537 ?:92 16.11 3"."5 23.57 18.25 25 18.58 17.3 20.88
Mehara Ralny 5.75 16,01 11.02 11.68 20.%h 13.15 19.32 15.50 16.30 11,06 27.05 15.18
Summer 2“.“5 324“9 596% 18058 23:73 46- 12‘12 17«-56 22t“5 3°O35 °7Q15 ?60('8
B»rm Festivel aaw 6072 10,88 8,98 5.37 9.92 9.52 11.917 8.09 8.89 10-76 11.29 9.30
Summer 14.30 13,44 16.15 15.01 20.51 11.88 24,38 7.90 6.36 16,29 28,75 15.90
11.40 10495 13.18 11,10 13.33 11.59 14,08 10,23 10,06 11.39 13.81
19.18 21,75 20.93 14.50 26,01 26,7h 19.27 13.50 14,49 17.77 21.38
cD = 3.30 SEM = 1.17
5.91 2.11

8L
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shoot number, root weight, shoot weight and percentage of
rooting and the details are presented in Appendices XII and
XIII. The number of roots was positively and significantly
correlated with the pergentage of rooting both in rainy and
summer seasons, Like wise a significant positive correla-
tion was also observed between root length and shoot weight.
Root length was positively and significantly correlated with
rooting percentage in reiny season but it was not significant
during summer, Significant correlation was alsc noticed
between shoot weight and rooting percentagey number of shoots
and rooting percentage, root weight and shoot weight
(Appendix XII).

4.8,

rooting of cutting

The data on chemigal analysis of the cuttings carried
out for organic carbon (C) and totel nitrogen (N) are
summarised in Tables 11 and 12, From Table 11 it is evident
that organic carbon content in the mother plant was
significantly higher during rainy season compared to that
in summer and the contents decreased zs the rooting

progressed, However, there was no significent change in its
content between different varieties at any time of a
particular season, A significant negative correlation was
noticed between organic matter content and the percentage

of rooting (Appendix XIV and XV) during rainy as well as

sunmer season.



Table 11.

Organic carbon content (%) in the mother plant and cuttings at fortanightly

intervals
Season Content in 15 DAP 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP Mean
Variety the mother
plant (%)
Searlet Glory Rainy 42.6 34,6 | 23.98 22,03 21.38 19,76 19.44  26.25.
Summer 33.37 27.84 27.26 2742 24,90 24,62 20.11 26.18
Jayalakshmy Rainy 5Tl 36,20 24,92 23.00 22.09 18,82 17.82 27.60
Sumper  32.75 32.12 32,12 30.75 30.78 28.78 21.84 29.84
Eaidlancaster Rainy 47.6 39.2 23.65 20.73 17.17 13.94 10.04 24,61
Sumser 35-9‘ 353 3543 37.5 3“096 32.4 24,14 33065
Lady Mary Barin Rain 46.11 37.58 23,98 22.34 22,03 20.73 19.4b 2750
Thimma Raim “9- 11 37.90 2"*3 23098 23&32 21.70 19‘76 28068
Summer 36.61 34,99 34.2 28,40 26,01 26,11 24,49 30.11
Cherry Blossom ‘m 47.18 36.34 21.70 21.70 21,70 - 23.73 204 ?3 2715
Summer 36093 36011 3"‘095 3“032 29,84 29.12 2711 32.88
Mahara Rainy 44,51 34,61 23.5%4 20.88 19.44 17.82 17.49 25.20
Sumner 37.90 37.40 36.89 36.89 34,64 32,44  30.91 29.88
Spring Festival Rainy 43.19 35.96 23,65 23.0 20,08 19,11 17.49 26,06
Sumnmer 37.50 36,20 36.19 33.58 32,10 30.30 30.90 33.91
Maharaja of Mysore Rainy 46.41 40,10 23.65 20.41 20,08 20.08 18,46 27.02
Summer 36,89 36.“ 33-“ 35‘24 BOCQ“ 290“ 29.11 3275

DAP = Days after planting,

08
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The total nitrogen content of cuttings of different
varieties is presented in Table 12, It could be seen that
the nitrogen content varied with season and it was negatively
correlated with percentage of rooting (Appendix XIV and XV),
N content of the mother plants, as indicated from the
cuttings taken from them, was more during summer than during
rainy scason in varieties like 'Scarlet Glory!, 'Jayalakshay'
tEnidlancaster' and 'Msharaja of Mysore', which recorded
lower percentages of rooting in summer, Likewise, comparae
tively higher nitrogen content of the cuttings in varieties
like *'Lady Msry Baring', 'Thimmat', 'Cherry Blossom', !'Mahara'
and 'Spring Festival' during reiny season was found to be
assoclated with their lower rooting response during that
season, The C/N ratio of the cuttings as seen from Table 13,
showed a significant positive correlation with percentage
of rooting (Appendix XIV), The ratio was higher in
varieties like 'Scarlet Glory', 'Jayalakshmy', 'Enidlancester’
and '*Maharaja of Myscre', during rainy season and these were
the varieties which recorded higher percentage of rooting
during that season, Similarly a higher C/N retic of
varieties like 'Lady Mary Baring', 'Thimma', 'Cherry
Blossom', *Mahara' and 'Spring Festivel' during summer was
found to be associated with their better rooting during
that period,



Table 12,

Total nitrogen content (%) of the mother plant and cuttings at fortnightly

intervals
Variety Season gg;gf 15 DAFP 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP Mean
Scarley Glory Rainy 197 1.67 0.72 0.70 O.42 0.38 0.38 0.89
Summery 2.06 1«19 0.7 0063 0056 0.53 0.49 0,89
Jayalakshmy Rainy 1.65 1.21 0.61 054 0e49 0.40 0.18 0.73
Bummer 1 .58 0.95 0.87 0.80 0,80 0;77 0363 0092
Summer 0¢63 Q. L4 O.ll-é 0.39 OQ3§ 0.’50 0.2‘0 0.61
Thimma Rainy 191 1.64 0.92 0.87 0.87 0.77 0.46 1.06
Summer 1.01 0.84 QuTh 0.60 0.53 0.49 0.46 0.68
Ch‘rﬂ Blossom Ratny 107‘8 1058 110 0097 0084 0.81 007? 112
Summer 0.67 0056 0,42 0.39 0.39 0.35 0.28 O.44
Mahare Rainy 153 1.08 0.98 O« 0.83 Q.77 074 0.98
Sunmer 0961 0;&9 00“5 0.“5 0.42 00 35 0.2B O.M
Spring Festival Rain}’ 134 1.05 0.86 0.73 0.73 0.64 0,53 0.84
Summer 0.88 0.80 0.49 0.35% 0.35% 0028 Ce 24 00&8
Maharaja of Mysore Rainy 1¢15 0.89 0.79 0.74% 0,66 0454 O.43 0.74
Summer 1.63 1.27 1.14 C.97 0.94 0.84 0.62 1.05

DAP = Days after planting

8



Table 13. C/N ratic of the mother plant and cuttings at fortnightly intervzls

Mcther

Variety Season plant 1% DAP 30 DAP 45 DAP 60 DAP 75 DAP 90 DAP Mean
Searler Glory Rainy 21462 20.72 .84  B1.T4 50.90 7.04 51,15  36.55
Sumrer 16.19 23.39 36.83 40,0 L 46 46,45 1.08 35,47
Jayalakshmy Rainy 3917 23.T5 40.85 42.59 £5.,08 4T7.05 99.00 48,21
Summer 10,49 31.80 36.50 43.92  5h.96 54,30 48.00 47420
Enidlancaster Rainy 2¢5 41,70 67. 5“ 74403 1e32 S9.57 77«23 66.27
Summer  58.57 60.85 65.45 67.28 71.97 B0.36 97.95 63.71
Thimma Rainy 25.7 23410 26,41 27.56 26,80 2B.18 42.95 2B,.67
Sumner 36.2 41,685 46,21  47.33 49,07 53.28 53.25 46,71
Cherry Blossom Reiny 26450 23.0 19.72 22437 25.83 25459 26492 2L 27
Summer 55.1 6‘5.“8 83.19 88,0 76057 875,20 96.82 78.18
Mahara m 29.09 52004 28,10 22.06 23.“8 254 14 23.63 25,93
Sumc.er 62.1 744 81.87 81.97 82,47 92,68 110,39 78.43
Maharaja of Mysore Rainy 28.L L%.,05 29.93 27.58 27013 37498 42,93 34,02
Summer 22463 26.98 29.68 34,2 32,06 35,52 46,95 32,57

DAP = Days after planting

€8
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On the basis of the parameters like percentage of
recting, root number, roct length, shoot welight and root
welght, 4t was found that rooting efficiency varied between
varieties and an arbitrary classlfication cculd be made,
The varieties 'Scarlet Glory! and 'Jayalakshmy' were found
easy rooting compared tc 'Cherry slossom', 'Spring Festival!
and 'Thimva' which exhibited very poor rooting, while the
varieties 'Lady Mary saring', 'Enidlancaster' and 'Mahara'
and 'Meharaja of Myscre! were medium rooting types.

Expt.Il.
Results obtained from the series of experiments

conducted on standardisation of aicropropageticn technique
in bougainvillea are presented below,

Lot lug format:
441.1, Egfect of explent sources

The different explants tried and their influence on
callus formation are given in Table 14, All the explants
tried viz, immeture axillary stem segment, shoot apex,
mature leaf tissue and mature dormant buds were capable of
callus formation and the callus formed was creamy white
initizlly which later turned pale yellow and was spongy in
texture, Those developed from leaf discs were comparatively
compact. The callus development from different explant
sources may be seen in Plates V, VI and VII,
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Table 14, Effect of different explant sources on callus
formation

Number of Number of Percentage Callus

Explant scurces :gzs cultures of cultu~ growth
en for callused res form- after
callusing ing callus 5 weaeks
ghoot apices 6=7 6/7 85,7 PV
Inmature axillary
sten pleces 6=7 6/8 L T5.0 NN
Mature dormant buds 25=30 4/9 biy & +
Exbryonic leaves 6-8 4/6 66.6 FOY
Mature leaf disc 22=26 3/10 33.3 +

Chi-square values =« 32.26.'
** Sipnificant at 1 per cent level of probability,

Rating = + 8ize of the callus upto about 0,5 cm diametre.
+++ Size of the callus upto about 1,5 om diametre,
++¢++ Size of the callus upto about 2,0 cm diametre.



Plate V. Development of callus from immature axillary
stem seaguents

Plate VI, Development of callus from shoot apex
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Plate VII,

Development of eallus from mature leaf tissue
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The percentage of ecallus fcrmation from shoot apices
and immature axillary stem segments were significantly
higher than that from mature dormant buds and leaf discs
(Appendix XVI). S8hoot apices and immature stem segments
recorded 85,7 and 75.0 per cent callus formetion respectively
(Table 14) as agalnst &i4.4 and 33.3 per cent respectively
from mature dorment buds and mature leaf discs., It was
further observed that the shoot apices and axillary stem
segment initiated callus within one week of culturing, The
size of the eallus formed, measured after five weeks in
culture, also was maximum for these explants, besides having
a very fast growth rate (Table 14a).

The shoot apices showed slight swelling at the base
four days after culturing, while the immature axillary stea
segnent exhibited swelling all over the tissue, Subsequently
callus formation took place in both cases after six to seven
days. The whole explant cellused in the latter, while in
the shoot apices it was confined to the basal portion
(Plate V and VI), When embryonic leaves were cultured, the
leaves orinkled and swelled within four to five days. The
cellus initistion was observed in about ten days of culturing
and the callus showed rapid growth rate uptc five to six
weeks, The growth glowed down after this period,



Table 14a, Influence of explant sources on growth rate of callus

cv. 'Mahara’
Explant Source 2nd week 3rd week Lth week 5th week 6th week
Shoot apices + *+ +re it s
Immature axillary
stem pleces + s et e *ors
Mature dormant buds - - + o *
Eabryonic leaves + *+ ++ ¥ *ee
Mature leaf discs - + +* * e

Rating - + Size of the callus upto about 0.5 ca
4 Size of the callus upto about 1,0 cm
+++ Size of the callus upto about 1.5 cm
++++ Size of the callus uptec about 2.0 cm

« . No callus growth

LS
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Callus formation from mature leaf discs and mature
dormant buds started 22 to 26 and 25 to 30 days respecte
ively, after culturing. It had only very slow rate of
growth and soon after the initiation, further growth was
stopped,

be1e2+ Effect of hormon
4,1,2a,Effect of NAA snd 3A

The influence of phytohormones like NAA, and BA on
callus formation mey ve seen from the Table 15. Callusing
occurred in all the 16 ecmbinations of NAA and SA tried as
well as in the conirol, However maximum number of explants
callused when the explants were grown on medium containing
NAA &t 1,0 mg/l, All leaves of 3A tried were equally
effective. Palr wlse comparison ¢f different levels of
NAA confirmed the significant superiority of NAA 1,0 mg/l
over other levels (Appendix XVII), Callus initiated after
one week had a very fast growth rate and the size of the
callus doubled within five weeks after culturing,

Incorporation of 15 -311 of adenine was found to
have a beneficial effect on the duration for initiation of
the callus as well as on its further growth (Teble 1%a),
Adenine in the presence of NAA and BA resulted iln earlier
callus initiation and rapid rete of growth., Initial size
of the callus almost doubled within three to four weeks of
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Table 15, Effect of NAA/BA on callus formation in the shoot apex
culture of bougainvillea gv, 'Mahapra’

Nusber of HNuaber of Porcéntage Size of
days taken ocultures of cultures the callus

Treataent (mg/1) for eallus callused callused
initiation :
Controul 2629 2/9 22.2 +
NAA 0.5 + 3A 042 14=17 L/4 100,0 4
NAA 0.% + BA 0.5 14«17 4/4 100.0 o
NAA 0.5 + BA 0,8 14017 b/% 80,0 T
NAA 05 + BA 1.0 13’15 5/6 50'9 ++
NAA 1.0 ¢+ BA 0,2 11‘13 5/8 62.5 ++
NAA 1.0 + BA 0.5 1114 5/9 66,6 +*
NAA 1,0 + BA 0.8 1113 7/7 100,0 -
NAA 1,0 + BA 1,0 11=13 7/7 100,0 e
NAA 1,5 « BA 0.2 12=16 8/8 100.0 -t
NAA 1,5 + BA 0,5 12=15 6/7 85.7 s
NAA 1.5 + BA 0.8 12«18 4/3 80,0 *e
NAA 1.5 + BA 1,0 12«14 2/5 40,0 e
NAA 2,0 + 3A 0.2 1416 2/b4 50,0 e
NAA 2,0 « BA 0,5 11«15 z;s 60.0 +ee
NAA 2,0 + 3A 0.8 11-14 4 100,0 P
NAA 2.0 + BA 1.0 1114 4l 57.14 FUTS

Chi=squere values « 2,01

Rating - + S8ize of callus upto about 0.5 cm diametre
++ Size of callus upto about 1,0 cm diametre
++¢ 8ize of callus upto about 1,5 cm diametre
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1%a, Effect of adenine 1% mg/l, NAA & BA on callus formation
in the shoot apex culture of bougainvillea var,'Mahara'

Number ¢f Number of Percentages Size of

Treatment (mg/l) days taken cultures of cultures callus
for callus o¢allused calluged
initiation

Control . 20=28 1/8 12.5% +

NAA 0.5 + BA 0.2 10~42 3/5 60.0 e

NAA 0,5 + 3A 0,58 10-12 3/3 100.0 .

NAA 0.% + BA 0.8 10-12 3/5 60.0 -

NAA 0.5 + BA 1,0 1012 3/4 75.0 e

NAA 1¢° + BA 0,2 B-»Q 8/9 88,8 +¢

NAA 1.0 ¢« BA 0,5 8«9 12/42 100.0 PO

NAA 1,0 + BA 0.8 8«9 14/11 100,0 *

NAA 1,0 + BA 1,0 B=10 10/11 90.9 P,

NAA 1.5 + BA 0.2 10~11 2/3 66.6 et

NAA 1.5 ¢ BA 0.5 10=11 4fh 100.0 e,

NAA 4.5 « BA 1,0 10=11 5/8 62.5 e

NAA 2,0 + BA 0,2 79 4/6 66.6 e

NAA 2,0 + BA 0,5 79 5/6 83,3 T

NAA 2,0 + BA 0.8 7«10 . 3/k 75.0 bt

NAA 2,0 ¢ BA 1,0 7=9 3/4 75.0 UV

Chi=square value « 90,03%#
#* gignificance at 1 per cent level of probebility.

Rating -~ + Size of the callus upto about 0.5 cm diamétre
e Size of the callus upto about 1.0 cm diametre
+4¢ Size of the callus upto about 1,5 cm diametre
+++¢ Size of the callus uwpto about 2.0 om diametre
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culturing, The size of the callus mess formed was more
when a@i&ne was incorporated to the medium,

4,1,2b,Effeqt of NAA and KIN

The effect of kinetin on callus growth could be
seen from the data presented in Table 16, All the four
levels of kinetin tried (0.2, 0.9, 0.8 and 1,0 mg/l) in
combination with NAA at 1.0 and 2,0 mg/l, were found less
effective in terms of percentage of the cultures callused,
when compared to the corresponding levels of 3A, Statis~
tical comparison of different levels cf the two cytckinins
alsc confirmed the siinificant superiority of BA over
kinetin (Appendix XVIII), Moreover, the time taken for
callus initiaztion was also more, when NAA and kinetin were
used, However, the size of the cellus mass formed after

five weeks, 44d not show any significant difference.

4.1.20.EfZect of IAA end B4

Table 17 presents the data on the effect of the
natural auxin-IAA and the cytokininesA on callus formation
from shoot apices. It wus observed that sll levels of IAA
(0e5s 1.0, 2.0, 5,0 and 5,0 mg/1l) in combinztion with BA at
Ce% mg/i were almost equally effective, Eventhough there
wae no difference in the number of cultures callused, the
size of the callus muss increased with the concentration

of IAA, At lower concentration the explants showed a
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Table 16, Effect of NAA/KIN on eallus formastion in the shoot
apex culture of bougainvillea cov, 'Mshara!

gumber z:n Nﬁﬁbcr of Percentage Size of

ays ta cultures of cultures ecallus

Treatments (mg/1) for callus callused  callused after
initiation 5 weeks

C mml - - a“ren -

NAA 1,0 + KIN 0,2 1518 2/4 50,0 PN

NAA 1,0 + KIN 0.5 14=16 2/5 40,0 -

NAA 1,0 « KIN 0.8 14-18 2/6 33.3 +

NAA 1.0 + KIN 1.0 16=19 3/4 7%5.0 ..

NAA 2,0 + KIN 0.2 15«17 2/4 50.0 N

NAA 2,0 + KIN 0.5 15«17 475 80.0 O

NAA 2,0 + KIN 0.8 1518 1/4 25,0 .

NAA 2,0 + KIN 1,0 15«17 1/4 25,0 4+

Chi-gquare values -~ 2,61

Rating - + 8ize of the callus upto about 0,5 om diametre
++ S8ize of the callus upto about 1.0 cam diametre
+4+ Size of the callus upto about 1,5 cm diemetre
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17. Effect of TAA/BA on cellus formation in the shoot
apex culture of bougainvillea cv, 'Maharat,

Number of Number of Percentage Size of
deys taken oultures of cultures callus

Treatments for callus callused callused
initiation
IAA 0,5 + BA 0.5 18-20 4740 40,0 +
IAA 1,0 + BA 0.9 18=20 8/42 41,6 +
IAA 2,0 + BA 0,5 1516 6/11 54,5 e
IAA 3.0 + 3BA 0,5 15«16 3/9 3363 ++
TAA 4,0 ¢ BA 0.5 1417 4/40 40,0 et
Chiesquare value - 0,480
Table 18, Effect of .,4=D, BA and KIN on eallus formation in the

shoot apex culture of bougainvillea cv, 'Mahara!

Number of Number of Percgentage  Size of

Treataents (mg/l) days taken oultures of cultures c¢allus
for cellus ocallused callused
initiation

Control 22wy 2/6 25,0 .

2o4%D 0¢1 + BA 0,5 22«24 3/6 50,0 .+

2,4eD 0.5 ¢ SA 0.5 22«24 4/6 66,6 *e

2,4eD 1,0 + BA 0,5 282y 5/6 83.3 e

2,4eD 2,0 + BA 0,5 23=24 2/6 33,3 +

2y4=D 01 + KIN 0,5 26-27 2/6 3343 *+

2o4eD 045 + KIN 0.5 25«26 3/6 5040 .

2,heD 1,0 + KIN 0,5 26~27 2/6 33.3 +

2,4eD 2,0 « KIN 0.5 2725 2/6 33v3 +

Chiegquare value « 4,45
Rating = + Size of c¢allus upto about 0.5 cm dlemetre
++ Size of callus uptc about 1,0 cm diametre
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tendency to elongate rather than to form callus at their
basal portion., Explants grown on medium containing lower
concentration of IAA elongated 2 to 3 times than those
grown cn medium with 2 hi;her concentration of IAA,

441.2d,ELfect of 2,4-D, 3A and KIN

When shoot apices were grown on MS solid medium
supplemented with 2,4eD at 0,1, 0.5, 1.0 and 2,0 mg/l, in
combination with BA or KIN each at 0.5 mg/l, the callus
initistion was very much delayed by 22to 28 days (Table 18),
Wone cf treatmentsshowed any significant superiority over
the other but a combination of 2,4«D 1,0 mg/l ¢ BA 0,5 mg/l
was found better then the other treataments, in which case
a maximum of 83,3 per e¢ent explants callused, 2,4-D/BA
combination was found to be more effective than 2,4-D/KIN
combination, in which case of the latter the maximum
percentage cf cultures callused was only 50, After about
1 to 1Y2 weeks after initiation of the callus snow white
globular mass of size about 3 to 5 mm diameter appeared
over the ecallus tissue, which subsequently covered almost
the entire periphery of the callus mess,

Leaf di=ce as well as embryonic leaves when cultured
oi a medium contzining NAA and BA, &lso developed such white
globula: sclid mass from the cut enas (Plate VIII) 40 %o 4%
days after culturing. But leaf discs when grown on 2,4«D



Plate VIII. Development of snow white globular mass
from leaf tissue in the presence of
2,4«D and BA,



—m M~—-*- .



(Emm



95

and BA containing medium, development of such white
globular mass occurred as early as in two weeks after
culturing., They were separated from the mother tissue and
suboultured to MS soclid medium deveid of auxins and also
in presence of different concentration and combination of
growth regulators but failed tc redifferentiete, Formation
of such white patches was also noticed after subculturing
the cellus derived from stem explants, to a medium containe
ing NAA and 3A, alsc failed to redifferentiate,

The overall effect of the three auxins viz, NAA,
IAA and 2,4-D was compared statistically end it was found
that NAA was significantly superior to other two asuxins
(Appendix XIX) with méaimum number of cultures producing
callus, in addition to causing an earlier initiation of

callus,

4e1e3. Yarietal response
Callus formation from the shoot apices of three

varieties of bougainvillea wiz, 'Mahara‘’', 'Cherry Blosscm!
and 'Spring Festival' was studied and the results are
presented in Table 19, 8ignificant variation existed
between the three varieties atudied with respect to the
percentage ¢f cultures callused (Appendix XX). The number
of explants callused was meximum with the var, 'Mahara!’
followed by 'Cherry Blossom', In these varieties the



Table 19. Yarietal response of bougcinvillea shoot apices on callus formation
Var. lahara Var. Cherry Blossom Var. Spring Festival
R a8 fo 8  Jormad %g%%ﬁi_éggggg
tee Nocor Totin-fprmed o1 Na.ot aefured et Nowor er- Size'
atments 2 CONlw 2 cone~ 8 cen~
2:zcn tage taznn tage 2:zen tage
for for for
callus callus callus
initia- initia~- initia-
tion tion tion
NAA 1.0 + BA 0.5 11=14  12/12 100  +++ 15=-16 4/8  50.0 ++ 15«17 3/7  42.8 ++
NAA 1.5 + BA 0.5 12-15 6/7 85.7 ++ 15=-16 7/7 100.C ++ 14-16 4/8 50,0 ++
NAA 2.0 + 8A 0.5 11=15  3/5  60.7 +++ 14-17 5/8  62.5 #+ 15-97 2/6  33.3 4+
NAA 1,0 « BA 1.0 8«9  10/11 90,0 +++ 1216 T/9  T7.7 ++ 13=17 4/8 50,0 ++
NAA 1.5 + BA 1.0 8=-10 3/4 75.0 4+ 12«16 6/10 60,0 ¢+ 1217 2/4 50.0 ++
NAA 2,0 + 3A 1,0 8=10 3/4 75.0 4o+ 1216 6/8  75.0 ++ 13=16 3/7  42.8 ++

Chiegquare value = 35,9%%

Rating = ++
-+t

#% Significant at 1 per coent level of probabllity

Size of cellus upte about 1,0 cn diamebre
S8ize of callus upto asbout 1.5 cam diametre

1 = Callus size after 4 weeks of growth.

96 -
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initiation of e¢allus was alsc earlier, In 'Spring Festival'
only 50 per cent of the shoot apices cultured, produced
callus,

b.2, Callus proliferation

Callus mass was cut into small pieces and subcultured
for proliferction on M3 solid medium cdntaining NAA 1,0
mg/l+ BA 0.% mg/l, It started proliferation and within two
weeks filled almost the entire surface of the medium
(Plate IX). But the active growth period was much shorter
than that on the primary medium, The tlissue developed
brownish colour sooner and ultimately became black arresting
further proliferation,

4a3. eneratio ce.

Actively proliferating callus pieces were subcultured
to MS medium containing IAA at 0,01, 0.1, 0.2 and 0.4 mg/l,
together with 0,01 mg/l GAy and 0405 mg/1l each of biotin
and calcium pantothenate and incubated for a period of 2 to
3 months with periodical subculturing. The callus in all
cases turned black without any regeneration.

bLeb,
hehel, Effect of TAA and 3A

Table 20 presents the results of the effect of IAA
and BA on inducing multiple shoot formation from the shoot

apices of bougainvillea var, 'Mahara'., Results pointed out
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Table 20, Effect of IAA and BA in inducing multiple shoot
formation in the shoot apex culture of bougeinvillea
cv. 'Maharat
R:gbor of Percen~ ggyg:r ot §.‘2th . §unbor of
cultures tage oots en of leaves

f::?:?‘“t produced per shoot 1
shoot culture

Control - - - — -

IAA 1.0 + 3A 0,5 4/8 %5040 1 8,22 4,8

IAA 2,0 ¢+ BA 0,5 &/9 bl b 1 7.46 B¢l

IAA 3,0 + 3A 0.5 3/7 42,8 1 5,90 bob

IAA 4,0 « 3A 0,5 4/8 50,0 1 2.10 3.8

IAA 1,0 + BA 1,0 5/7 71.42 13 3.50 8434

IAA 1.0 + BA 3,0 5/7 74.42 1.33 3,83 9.21

IAA 1,0 + BA 9,0 4/5 80,0 2.66 1.66 4,24

IAA 160 + BA 16:0 6/8 60.0 2'66 1066 3098

Chi-square value «» 5,69

1 » 8 weeks after inoculation,



Plate IX. Callus proliferation on MS solid medium
in the presence of NAA 1,0 mg/l + BA
0.5 .8/14
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that the concentration of BA influenced the number of
additional shoots produced, a higher concentration
favouring multiple shoot development, However, single
shoots developed at lower congentrations of BA also, Mean
number of shoots produced per culture was maximum (2.,66) in
the presence of BA at 9,0 and 16,0 mg/1 + IAA at 1.0 mg/l.
It was further obszerved that lower concentration of IAA had
a pronounced effect on shoot elongetion (Plate X). Mean
elongation of shoot when recorded 8 to 9 weeks after
culturing was maximum (7.46 om) 4n a medium contoining IAA
2.0 mg/l « 3A 0.5 mg/l. At higher concentrations of IAA the
shoot apices callused at their beses, It was further
observed that higher ccncentration of BA adversely affected
the elongetion of shoot, Shoots grown on such medium alse
produced leaves which were pale yellow in colour. In
certain cases only microsized leaves were found which failed
to develop further and leaves easlly shed,

bob,2, Ef of BA N

Cytokinin such as BA and kinetin were used either
alone or in combination to study their effect on inducing
multiple shoots. It could be seen from the Table 21 that
only lesser number of explants developed shoots in the
presence of lower concentrations of these two cytokinins,
while at concentrations of 1,0 and 2,0 mg/l of 5A and
kinetin, more number of explants develcped shoots,



Plate X, In yitro shoot development from shoot apex
of the var, 'Mahara’ in the presence of
IAA 2,0 .8/1 + BA Q.5 I&/l.



————— i 0%~ —
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Tadble 215 Effect of BA and KIN in inducing multiple shoot
formetion in the shoot apex culture of bougainvillea
ov. 'Maharatl,

Number of Percen- Mean Mean Mean
Treatments cultures tage number of length of number of
(mg/1) produced shoots/ shoots/ leaves

shoot callure culture
BA O + KIN 0,5 2./6 33.3 1 1.20 2,66
BA O + KIN 1.0 279 20,0 1 1.16 3.30
BAO +KIN 2.0  2/6 33.3 1 113 2,33
BA 0.% + KIN O 2/t 50,0 1 1.16 6,33
BA 0,5 + KIN 0,5 3/6 50,0 1 1.16 5,21
BA 0,5 + KIN 1,0 3/7 42,8 1 1.33 501
BA 0,5 + KIN 2,0 4/8 50.0 1 1.93 9,66
BA 1,0 « KIN O 5/8 62,9 1 2,03 7.33
BA 1,0 + KIN 0,5 4/7 57.0 1 2,53 9.33
BA 1.0 + KIN 1,0 5/6 83.3 1 2.63 7.33
BA 1,0 + KIN 2,0 4/7 571 2.16 2.63 9,23
BA 2.0 ¢+ KIN O 6/7 85.7 3.0 1.41 13,00
BA 2.0 + KIN 0.5 5/7 714 3.33 1.20 13.80
BA 2,0 + KIN 1.0 6/6 100.0 2.0 1.43 12,33
BA 2.0 + KIN 2.0 4/6 66.6 2433 1.43 12,00

Chi-sguare value - 14,64



Only single shoots develcped in the presence of
lower concentrations of BA and Kinetin., Mean number of
shoots per culture were maximum (3.33) with BA 2,0 mg/l +
KIN 0,5 mg/l, closely followed by BA 2.0 mg/l, in which an
average of 3.0 shoots/culture were produced, Multiple
shoots developed on this medium had normal healthy green
leaves (Plate X .),

l&oaoso Effect of ade v

Addition of adenine sulphate at 50,0 mg/l toc solid
MS medium in the presence of IAA and c¢ytokinins BA or KIN
resulted in the induction of more number of shoots per
culture (Table 21b). The number ¢f shoots was slightly
enhanced in all the treatments, Maximum number of shoots
per culture (4,.,2%) were produced in treatments with a
combination of BA 9,0 mg/l + IAA 1,0 mg/l and BA 16,0 mg/l +
IAA 1,0 mg/l, All the shoots produced from the explants,
developed in clusters with reduced interncdal length
(Plzte XI ). W%When the concentration of 3A in the medium
was increased to 9.0 mg/l and above, shoots developed on
that medium had pgle yellow leaves. Elongztion cf the

the
shoots was more in presence of lower concentrzticn of 2A,

4.5,

The effect of various auxins such as NAA, IAA and BA
on in vitro root formation from shoot apex cultures wes
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Table 21b, Effect of adenine sulphate 50 ppm in inducing
multiple shoot formation
Numbeyr of Percen- Mean Mean Meen nume
Treatments cultures tage number of length of bLer of
(mg/1) produced shoots/ shoots leaves
shoot culture
BA 2,0 4/6 66,6 2,0 2.73 6,5
BA 2.0 « KIN 0.5 5/7 7144 345 2,04 6.2
BA 2.0 +* KIN 1.0 4/6 6606 3’0 2!55 7066
BA 3,0 + IAA 1,0 4/5 80.0 3.0 2,28 5,75
BA 9.0 ¢« IAA 1.0 &/5 100.0 4425 1,40 12,6
BA 16,0 + IAA 1,0 5/5% 100.0 4,25 1,18 13.0




Plate XI.  Jn vitre shoot proliferation in the presence
~ of higher concentration of c¢ytokinins and
adenine sulphate,



Isgl




‘103

studied both on full strength and half strength M8 solid
medium under light as well as dark conditions, Data
presented in Table 22 showed that among the various
treatments, half strength MS medium (¥2 MS) supplemented
with IBA 1.6 mg/l produced meximum number of rooted
plantlets (85.7 per cent), followed by IBA at 0.8 mg/l
(80.0 per cent)., No significant difference was noticed in
the pspcentage of rooted plantlets produced,on full strength
and half strength MS medium, However, the percentage of
rooting wereslightly increased in the latter., All the
treatments wes almost equally effective over contrcl in
which case, none of the explant rooted. From the present
study it wis alscu nocticed that well developed and profuse
root development was noticed when full MS and ¥2 MS media
vere used.(Plate XII® and XIN). Prominent tap root like
growth was noticed in almest all of the rcoted plantlets,.
The development of root hairs were clesrly visible on the
root portions above the agar medium (Plate XIII). Rooting
did not oecur in explants kept under light except for g
few cultures,

The concentyrution of the major and mincr nutrients
seemed to have infiuenced the number of days teken for
rooting. In all the treatmernts that received half strength
of M5 salt, root initiation occurred much earlier (Table 22),



Table 22.

Effect of auxins and salt concentration of the medium on in vitre rooting
of shoot apex cultures of bougainvillea cv. *Mahara‘

!tlmbcr of days taken mﬁm of P;rm:aig: gng . H;an length
, or roo cultures of roo umber © of roots
Treatments (mg/1) Fresh Precallused rooted roots (cm)
explant shoot

Coatrol -~ P - -

M8 + NAA 2.0 66~70 53=58 5/ 50.0 2.66 11.40

MS + NAA 3,0 65-68 5052 3/7 42,8 2443 14,61

Y2 MS + KAA 3,0 4B8=56 a/7 57.1 3.25 8.35

M8 + IAA 3,0 75"'83 59.66 | 2033 9.66

M5 + IAA 4,0 68-T3 30=35 6/10 60.0 2,00 9.76

Y2 MS + IAA 4,0 4347 2327 7/14 63.6 3,00 6.20

MS + IAA 6.0 6068 27=38 3/7 42,8 2.33 8.64

Y2 MS + IAA 6.0 bu=ls9 22425 5/8 62.5 3.66 7456

m + IBA 001 * IM 0.1 ot R - —— ——am —

1,2 m + XBA OQ1 +» IAA 0.1 —— — — o — ——

MS + IBA 0.2 + IAA 0.2 50=55 LOwd4 1/6 16.6 3.00 14,40
}MS « IBA 0.2 ¢ IAA 0,2 hily=50 2432 5/10 50.0 3,00 644k

MS + IBA 0.4 + IAA 0.4 50-54 32~40 3/9 33.3 3.33 9,60

Y2 M8 + IBA O.b + IAA O.4 30=-38 22«28 4]6 - 6.25 5,10

MS « IBA 0.8 45«48 28=33 6/10 60.0 4,0 9,15

Y2 MS + IBA 0.8 2427 16=19 475 80,0 4,91 4ot

MS + IBA 1.6 46«52 23=30 5/10 50,0 4411 6.86

Y2 MS + IBA 1,6 26~29 1618 6/7 85.7 4e21 4,01

pt
=

Chi-square val?e - 11,527



Plate XII, In yitro roeting of shoot apex on
M3 mediun.

Plate XIXI, in yitro rooting of shoot spex on
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This period was further shortened when precallused shoots
were employed for rooting rather than fresh shoot apices.
The earliest rooting was obtained with precallused shoots
on ¥2 MS medium containing 1.6 mg/l IBA, within 16 to 18
days of culturing. Soon, the leaves turned yellow and
gradually shed, but those grown on full strength MS medium
remained healthy,

Date on the number of roots and the length of roots
are given in Table 22, It was observed that the number of
roots produced per culture was more in IBA containing
medium, than NAA or IAA containing one, Maximum nuuber of
roots (6.25) per culture was produced in the presence of
IBA Ouk mg/l + IAA Ou4 mg/l on half streangth MS salt,
Length of the roots also showed variation with the
composition of the medium, Longer roots were produced from
explants grown on full MS medium, The length of roots
produced on I3A containing medium was comparatively shorter
(Plate XW). Elongation of the root was slower on half
strength MS medium compared to full strength MS medium,

The rooted plantlets were transferred to pots filled
with sterile sand and soil. They remained healthy for about
two weeks but later the leaves turned yellow and ultimately
shed completely.
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Plate XIV, In vitrg rooting of shoot apex on
Y2 M5 mediuxm in the presence of IBA.
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DISCUSSION

Bougainvilleaswith their wide adaptability to varied
climetic conditions, are grown in the gardens throughout
tropics and subtropics for their brilliantly coloured
sprays of bracts., Cuttage forms the most popular method
of propagation in this crnamental shrub, although methods
like layering or budding ere attempted when cuttings fail
to strike roots. Application of growth regulators have
been found to increase the rooting percentage in bougaine
villea (Mukhopadhaya and Bose, 1966; Kale and Bhujbal, 1972;
Seetharama and Mohanram, 1972; Gandothra gt al. 1975;
Yadav ¢t gl. 1977; Philip and Gopalakrishnan, 1982). The
response of different verieties to growth regulators,
however, vary from place to place depending upon several
environmental factors. In view of this fact it becomes
necessary to standardise the concentration of the growth
regulator and the duration of their treatment by detailed
experimentation in any particular agroclimatic situation,

Even with the applicetion of growth reguletors,
cuttings of many varleties very often fail tc root to any
appreciable extept probably due tc¢ peculiar genetic make wp
of those varieties, In such case in vitro culture might
probably provide a ssatisfactory method of commercial
production of pnnpggulea. Tissue culture appears to offer
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excellent scope for large scale production of plants
comparatively with ease in bougainvillea, The present
studies on maoro and micropropagation of certain varieties
of bougainvillea were underteken in order t¢ standardise
methods that would ultimately help the multiplication of
this plant on a comnercial basis. The results of a series
of work done on rooting of cuttings with the aid of growth
regulators and on tissue culture techniques in the
Department of Pomology end Floriculture during the year
1983-184 are discusged in this chapter.

g of cuttings

The results of the studies on rccting of cuttings
have smply illustrated the effectiveness of growth
regulators in enhancing rooting in bougainvillea cuttings,
Out of the twc growth regulators tried viz, IBA and NAA, the
former appeared to be more effective in terms of percentage
of rooting of cuttings, A concentration of 500 ppm IBA
gave the best rooting percentage ie, over 63 per cent both
during rainy and summer seasons. The effectiveness of
auxin in general and IBA in particular in induction of
rooting of cuttings has been well amplified by several
workers in a variety of plant species (Linder, 1939;
Williams, 1943; Audus, 19593 Mukhopadhaya and Bose, 19663
Kale and Bhulbal, 19723 Seetharama and Mohanram, 1972;
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Bose gt al. 197%; Gandothra et al. 19753 Yadev gt al. 1977;
Singh and Motilal, 19793 Singh, 1980; Beel and Schelstraete,
19813 sShailendrarajan and Santaram, 19823 Philip and
Gopalakrishnan, 1982),.

Mukhopadhaya and Bose (1966) and Kale and Bhujbal
(1972) found that in bougainvillea IBA was more effective
than other types of growth regulators, The inhibitory
effect of auxin above 500 ppm is noteworthy, Such effect
was observed by Gandothra et al. (1975) in bougainvillea
cv. 'Mary Palmer'!, The detrimental effects of higher
concentration of growth regulators call for their use at

optimum concentrations.

The rooting efficlency of appllied auxins are generally
assessed by the number of rcots produced per cutting, their
length, and weight since these factors ultimately decide
the final percentage of establishment of the cuttings
planted (Hartmann and Kester, 1975). Cuttings treated with
IBA 300 and 500 ppm produced the largest number of roots
which is indicative of the fact that the number of roots
produced had 2 definite bearing on the percentage of succeas
in rooting, It may be mentioned here that maximum
percentage of rooting was also noticed in the treatment
IBA 500 ppm followed by IBA 300 ppm. Thet the applied
auxins activated the cambium and enhanced root differentis-
tion had been demonstrated by earlier workers (Pontikis gt al.
1979) .
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The production of more number of roots in auxin
treated cuttings is often attributed to the mobilisation
of reserve food material froam the terminal to the basal
regions of the cuttings (Strydom and Hartmann, 1960).

The present study alsc chowed that the root
production was maximum during the early stages. The root
number increased upto two months after planting, then
decressed slightly which showed that all the roots
produced initially did not remain intact till the end.
This could teke place due to the deterioration of certain
roots in the initial stages or due to the nondevelopment
of certain roots while certaln others make rapid growth.
In the case of cuttings it has been observed that the
ultimate survival is decided by those roots which make a
rapid growth and establish,

Although the length of rocts was not significantly
influenced by growth regulator treatments, & tendency for
higher root length in auxin treated cuttings was always
apparent, Eflect of auxins in inducing longer rocots in the
treated cuttings of bougainvillea was reported by
Seetharama and Mohanram (1972) and Yadav et al. (1977).

The present study also showed that auxin treztment
had a pronounced effect on welght of roots per cutting,
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IBA and NAA treatment which recorded a higher shoot weight
had shown correspondingly increase in their root weight
also. This clearly indligated that developing shoots might
have contributed auxins or other integral factors and
photosynthate for the vigorous growth of roots, The results
are in conformity with the findings cf Cripps (1971).

Sprouting of shoots i an indication of root
initiztion in cuttings of most of the plants, In
bougainviliea it wos observed that the initisl sprouting
of shocts is not indicztive of the roct 'strike!, Some
of the earlier produced shoots withered away in the course
of time, The aux<ins tried in the present study did not
influence significantly the number of shoots produced in
both the seasons, but during rainy season the cuttings
produced more number of shoots, Thus the results indicated
that the basal applicction of auxins for rooting need not
necessarily affect the shoot production., On the contrary,
the auxin treatment of the cuttings significantly increased
the fresh weight of shoots in both the season:s particularly
in summer,” This could be attributed to the redistribution
and mocbillsation of nitrogen in the treuted cuttings
resulting in 2 higher shoot weight. The relatively higher
contant of N during summer in some of the varieties studied,
cxplé%s, the higher shcot weight during that perioed,
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The mean shoot/root ratio recorded indicated that
the ratio increased upto two months after planting and
then decreased by third month., This could be attributed
to the differential growth of shoot and root., Initially
shoot weight was very high with poor root growth. Later
the growth of roots was faster compared to shoot, thus
narrowing down the ratio in the subsequent perioeds, 1In
genersl, between IBA and NAA ¢reatment, the ratio was
higher fcr the fcrmer which night be due to the favcurable
effect ¢f IBA or zhoct productlion,

(fluence of season o

From the present investigations, it became clear
that weather perameters especlially rainfall influenced tc
some extent the rcoting of outtings. Highest rooting wcs
obtained when the reinfell was maximun (Appendix V).
However, it could be seen that rcotlng was more influenced
by varieties than the seascn, While summer was fevourable
tc varieties like 'Lady Mary Baring', 'Thimma', 'Cherry
slossom', 'Mahara! and 'Spring Festival', rainy season. was
the best for other varieties like 'Scarlet Glcry!®,
'Jayalakshmy', 'Enidlancaster!'! and *'Maharaja of Mysore!,
Conteery tc the general bellef that rainy season is the
best for bougainwvilleas, the present studies have clearly
brought out that seascn is not a limiting factor in rooting
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of cuttings of bougainvillea., Even when varieties were

in dloom rocting could be successfully achieved, This
would indigate that by proper manipulation of environmental
conditions, in Kerala rooting of cuttings could bde
succesaful on & commercial basis all the year round in
bougeinvilleas., As mentioned earlier the varieties react
differently, probably certein internal factors being
responsible for the differential behaviour (Mukhopadhaya
and Bose, 1966; Seetharame and Mohanram, 1972; Hartmaenn
and Kester, 1975; Beel and Schelstraete, 1981),

The method of trestment of cuttings with growth
regulators has been found to be a deciding factor in
rooting of outtings in meny species (Williams, 19433
Yoszszynska and Borys, 19763 Gorecka, 1979; Kwack and
Chung, 1980). 1In the present study it was fcund that
prolonged dip was the most congenlial method of treatment
of cuttings. As stated by Gorecka (1979), the ultimate
effect of a growth regulator treatment wes decided by the
amount of substance abscrbed by the cuttings and not by
the concentration alone, In a slow dip (soaking) treatment
the higher amcunt of growth regulatcrs absorbed perhaps
directly eifected a better rooting than in quick dip
treatment, The quick dip method with higher concentration
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often might lead to tissue deterioration resulting in
reduced success (Lingeraj, 1960; Gandothra et al. 1975).
Bougainvilles, although is a hardy species perhaps is
delicate to the growth regulator treetments.

The reduction in the content of carbon in cuttings
as the rooting progressed suggests that the carbchydrate
was utilised for root production, However, its content in
different varieties, which presumbly be genitically linked,
was not directly correlated with the rocoting propensity,
The N content of the cuttings was significantly but
negatively correlated with rooting. The lesser N content
of varieties like 'Scarlet Glory'!, 'Jayalakshmy?,
*Enidlencaster', 'Maharaja of Mysore' during rainy season
and that of 'Lady Mary Baring', 'Thimma', 'Cherry Blossom!,
‘Mahara' and ‘'Spring featival‘ during summer was found
correlated with better rouvting of these varieties in the
respective seasons, C/N ratio of the cuttings showed
significant positive correlation with rooting which is also
in agreement with the results obtained by Basu and Ghosh
(1974), who coneluded that higher C/N ratio genersally
induced better rooting co-factor activity,

The results of the experiments on tissue culture wasg
aimed at the standardisation of a suitable technique as well
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as to make a preliminary analysis of the respcnse of
certain varieties to in yitro culture,

In the present studies it was observed that in
bougainvillea, ocallus could be easily cbtained from almost
2ll the explant sources, viz, imuature axlllary stem,
segments, mature dormant buds, shoot apices, embryonic and
mature leaf tissue, But more rapid and prolific growth of
callus was observed from the young tissues like shoot
aplces and immature axillary stem segments, than from
mature dorment buds and leaf tigsues, The differential
response of various explant sources to morphogenesis
in yvitro wes found to be directly related to maturity of
the tissue by Marashige (1974). Young explant consisting
of meristematic and mitotically active cells, is highly

favourable for callus initiation and subsequent regeneration

and the morphogenic competence of any tissue decrease with
maturity (Pierik et al, 1974),

The studies conducted on the influence of auxins and

cytokinins on callus formetion rewealed that, callus
formation could take place with all the three auxins tried
viz, IAA, NAA and 2,4«D, in combination with cytokinins
8A or KIN, Among these, NAA/BA combination proved best
and moreover, KIN was less effective compared to BA, The

favourazble effect of NAA and BA on callus formation has
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been well amplified by Scorza and Janick (1976) and

Awad and Bank (1981)., Contrary to the general belief that
244«D 1is & potent énxin oapable of inducing callus growth,
in bougainvillea explents e¢allus lnitiation was delayed
very much with a poor rate of growth by this auxin,
Occurrence of callus initiation from explants grown on

MS medium devoid of any growth regulator in the present
study is noteworthy. While callusing takes place in
majority of the plant species in the presence cf an auxin
and cytokinin combination, in bougainvillea, the initiation
and growth of ocellus atleast in a few cultures on hormone
Iree medium perhaps indicate the possibility of higher
levels of endogenous hormones present in the tissues, A
similar case was observed by Hussey (1978) in 1ilium and
hyacinth,

Though literature concerning the stimulatory effect
of cptional organic compounds on c¢allus growth is quite
scanty, it could be seen in the present study that adenine
exerted a favcurable effect on callus initiation and its
growth, In tobacco callus culture, adenine was reported to
have a pronounced effeet cn eallus growth by - SkooJj and
Taui {1968).
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Among the three wvarieties of bougeinvillea viz,
‘Mahara', 'Cherry Blossom', and 'Spring Festivsl!, shoot
apices of the first one perfcrmed best on MS medium
supplemented with NAA 1.0 mg/l + BA 0,5 mg/l with regard
tc the percentage of cultures gallused., A distinct
varietal veriation could be observed in the morphogenic
response of these va;-ieties whigh could be attributable to
the genotype (Welander, 1977).

It was further observed that concentration of
cytokinins~BA/KIN was an important factor for shoot
proliferation, Shoot apices of the cv, 'Mahara' produced
multiple shoots in the presence of higher concentration of
cytokinins, but only single shoots were produced in the
presence of lower concentration. Cytckinins alone could
not produce a setisfactory growth of the shoots. At
concentrations above 9,0 mg/l, the leaves produced appeared
pale yellow and abnormal, which showed a tendeney %o
abscise easily, Such effects have been noticed by
Welander (1977) and Hosoki and Asshira (1980)., But in
combination with IAA, cytokinins produced rapid elongation
and normal growth of shoots. In Bougainviilea glabra cv.
'Magnifica' gharma et al. (1581) also noticed that higher
concentration of cytokinins like BA produced an inhibitory
effect on shoot elongation but auxins tended to elongate
the shocts,
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Incorporation of optional additives like adenine
sulphate was found to have a synergistic effect on shoot
proliferation, VWhen adnine was added, mean number of
shoot produced per culture was meximum (4,25), The
promotary effect of these orgsnic constituents on shoot
growth has been reported by Skoog and Tsul (1968) and
Silberstein et al. (1983) who found that these substances
in combination with an auxin and ¢ytokinin promoted shcot
growth consequent to the cell emlargement and proliferation,

The rooting response of shoot apices of poor rcoting
types of bougainvillea ov, 'Mahara' was studied cn MS as
well es on ¥2 MBS medium. Rooting could be obtained on these
zedia in the presence of all the three esuxins tried viz,.
IBA, NAA and IAA, but meximum explants rooted (85.7 per cent)
on ¥2 MS medium containing IBA 1,6 mg/l. The fact that none
of the explents rooted on MS medium devoid of any auxin
indicaoted the essentiality of exogenous aupply-or these
substances for satisfactory rooting. Though rcoot initiation
wag much eerly and the rooting percentage was slightly more
on Y2 485 medium, a better growth and elongation of the
roots were observed on MS medium, Perhaps this might be
due to the inadequacy of nutrients for root growth on ¥2 Ms
salt medium, compzred to M8 medium., The influence of salt
concentration of the medium and the promotary effect of
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IBA on in yitro rooting has been demonstrated by Rugini
and Verma (1983), Borowska (1983) and Hutchinson (1984),
who found that ¥2 M3 medium was superior to MS medium for
better rooting of explants in meny of the woody speclies
like cherry and apple. Further, it was revealed from the
present study that the congentration of major and miner
nutrients had a direct influence on the number of days
taken for root initietion as well as for its elongation
and growth, Root initiation was delayed cn MS medium in
contrast to ¥2 MS mediun,

Though significant progress has been made in the
culture of plant tissucs and cells in yitro, many variables
influence the behaviour of e¢ells in culture, As suggested
by Skoog and Miller (1957) though the relative concentration
of auxins and cytokinins forms the key factor for successful
regeneration of plants in yitro, other environmental factors
such as light, pH, season and !'cultivar' play their own

roles,

Adventitious root formation in cuttings 1s clseo
influenced by several factors such as variety, environment,
physiological stage ¢f growth and pretreatment, beasides
applied auxins. When ordinary methods of rooting of
cuttings feil, in vitro culture come to the rescue of
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the Hading that

researchers. In the presemnt study, the poor rooting

cv. 'Mahara' could be successfully rooted upto 85 per cent
via tissue culture technique . . .. points out to the wider
utility of in yitro culturing, A combination of macro and
micropropagation methods might ultimately prove a potentially
viable tool for rapid multiplication of choice plant speciles
in the coming future,



SUMMARY
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BUMMARY

The present investigetions were carried out in the
Department of Pomology and Floriculture, College of
Horticulture, Vellanikkare dwriaz the periocd 1983-'84,

The experiments consisted of studies on the effect of
growth regulators on rooting of euttingj and standerdigation
of tissue cultuve techalque for bougainvillea,

1. In the experiments on rooting of cuttings all the
levels of IBA~anﬂ NAA tried were found to be significantly
superior to control. IBA 300 and 500 ppm were equally
effective. Among the nine varieties tried, the highest
rooting was achieved in the variety 'Jayalalishmy! and the
least in'Cherry Blossom', Prolonged soaking for a period
of six hours in dilute sclutions of IBA and NAA was found
to be more effective than quick dip in concentrated

solutions.

2 Iafluence of westher parameters like rainfall and
temperature on rooting was evident, Maximum rooting was
obtalned when the relnfzll wos wmoximum apd when the
variation in mean daily temperature was less.

3. The mean number of roots per cutting wes significantly
higher when cuttings wvere treated with growth regulators.
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Maximum number of roots was produced after two months in
IBA 300 ppm treatment during both the seasons,

&4, Among the different trestments, the longest roots were
obtained with NAA 300 ppam irrespective of the seasons. The
varistal influence was however, significant,

5. The number of shoots per cutting was maxlimum in the
var. 'Mgharat during rainy season, but in 'Spring Festivsl!

during summer,

6. Treatment of cuttings with IBA incduced more shoot
growth than NAA treatment, Highest shoot weight was recorded
in IBA 300 ppm treatment. Among the different varieties,
'Jayaiakshay' and *Scariet Clory' produced maximum fresh
weight of shoots per cutting. The shoot weight was more
during summer in all the varieties except in 'Jayalakshamy!?,
whera it was more during rainy season,

7. The mean fresh vélm of roots was significantly
kigher in all the dilute sclution treaztmente cof IBA snd NAA
end it was maximum in NAA 500 ppa treatment., In 2ll the
treatments and verietiss, ot wvelght wz2s xore during rainy

seascn than in summer,

8. Shoot/root ratioc was more during summer in all the
treatments and vardieties, The raetio was madwmsur in the
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early periods of rooting in IBA 1000 ppm treatment during
both the seasons and the variety 'Cherry Blossom' produced
highest ratio during summer season.

9 Orgenic carbon and nitrogen content was negatively
correlated with rooting percentage, while C/N ratio was
positively correlated.

10. Aseptic culture of various explant sources on MS
so0lid medium showed that almost all plant parta were

capable of callus formation but it was more pronounced in
young tissues than in mature ones, Callus formation was
maximum and rapid when shoot apices were used as the explant.
On the contrary, callus initiation was very much delayed
upto 25 to 50 days when mature dormant buds and leaves were

used.,

11, Callus formation ocourred with the three auxinas
namely NAA, IAA end 2,4«D containing medium, Maximum number
of cultures callused and the earliest callus formation was
obtzined in the presence of NAA 1,0 and BA 0,5 mg/l, All
the levels of BA vere equally effective, Kinetin waa less
effective compared to BA, Callus initiation was very much
delayed in the presence of 2,4~D,
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124 Among the three varieties namely 'Mahara', 'Cherry
Blossom' and 'Spring Festival' shoot apicee from 'Mghara'
produced meximum percentage of cultures callused while, it
was minimum in 'Spring Festival',

13. Shoot proliferation from shoot apices could be
achieved on MS sclid medium in the presence of higher
concentrations of BA but the shoots produced were abnormal,
with pale yellow leaves which showed 2 tendency to shed
easily, Only single shoots were produced in the presence
of lower concentrations of BA. Incorporation of IAA hed
pronounced effect on shoot elongation and the longest shoots
were obtained in the presence of 2.0 mg/l IAA, Maximunm
number of cultuﬂs produced multiple shoots on MS medium
containing BA 2,0 mg/l + KIN 1,0 mg/l. Adenine sulphate
when added to the medium together with 35A st 9.0 mg/l and
16,0 nmg/l produced synergistic effect on shoot production,

14, in vitro rooting of fresh apical as well as
precallused shoots were readily achieved cn full and half
strength MS medium in the presence of the three auxins
namely IAA, NAA and IBA, The duration of root initiation
was reduced on half strength M8 medium and was reduced
further when precallused shoots were used for rooting.
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Highest percentage of rooting was achieved on ¥2 MS medium

supplemented with IBA 1,6 mg/l. Number of roots/culture
was more in IBA treatment than in IAA and NAA containing
one, But the longest roots were produced in the presence
of NAA 3.0 on full M3 mediunm,

15. The preliminery trials on transplanting the rooted
plantlets in send and soll medium did not succeed, This
aspect requires further detalled investigetions.
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APPENDIX X

Chi-square values for comparison of treatments on rooting percentage of bougsinvilles during rainy

season

Contrcl 3.07 51.93%% 64,03%% 4,328 4,328  10,13%% 16,90 11,0%¢ 2,92 3.40
IBA 100 ppm 6.26%% 2,82 14,358 14,35 5,76% 2,15 Se13%  14,97%% 13,95%#
IBA 300 ppm 0.50 38,5%% 38,5%% 23,21 15,16%% 21,568 395,32%% 37, 77%%
IBA S00 ppm 29,16%% 29, 16%% 15,68%% G 47%% 15,01%% 29, 88% 28 4%
IBA 750 ppm 0.45 2.18 58.08%% 0,44 0,04 1.82
IBA 1000 ppm 2.18 58.08** 0,44 0,04 1.82
NAA 100 ppm 1.8 1.001  0.40 1.99
NAA 300 ppm 0.538 51,78 4 8#
NAA SO0 ppm 2.38 199
NAA 750 ppm 0.04

# Significance ut 5 per cent level of prchability
#% significance at 1 pur cent level of prebability



APPENDIX II

Chi-asquare values for comparison of trestments on rooting percentage of bougzinvillea during summer

season

Trestments  Control 1A' IBA IsA  IBA  IBA . NAA A M A WAL
Control 13.4%% 28, 4%8 112,448 15,408 45,58 5 34 F7,.08% 32 S5k 35 58%  18,71ww
IBA 100 ppm 3.02 51,28 0,11 10, 2% 1.66 bolil® 4,57 2,17 0.45
IBA 300 ppm 30.52%%  1,78% 2,35 2.3% B.76%% Q.75 2.17 0.87
IBA 500 ppm 45, TTHE 15,5388 69, G4 21,188 24,08  31,g#8 40,600
I3A 750 ppm 8,61 2,43 5.15% 3,50 1.45 0.22
IBA 1000 ppnm 19.5%* 0,36 0.45 2.77 5.76%*
NAA 100 ppm 15.138% 12,2%%  8,00%% 4, 39%
NAA 300 ppm De11 1.003 3.00
NAA 500 ppm 0.362 1,78
NAA 750 ppm 0.447

* GSignificance at 5 per cent level of prcebability
*# Significance st 1 per cent level of probability



APPENDIX III

Chi-gquare values for comparison of different varieties of bougainvillea on rooting percentage during
rainy season

verieties  SENSC U NI fage T frm, e o er
Scarlet Glory 0.009 3G, 5% 1€2.42%0  218,37R% 214 Zen 174, Thx% 235,0%% 117,90
Jayalakshmy 52.62%%  207.00%* 245,00%% 269,46%%  199,62¢#% 260,06  142,08%
Enidlancaster £6,04%%  T8,0%  g3,03#w 51.56%% 0,89 2. 74
Lady Mary Baring 17 T% bo73% 0,122 3.92% 7.64%n
Thimma 0.83 3.4 0,341 17.25%
Cherry Blossom 32,84 (0,068 7. 00%#
Mahara Se2# 6.02%
Spring Festival . 23.00%

% Sigaificance at 5 per cent level of provablility
“® pignificence at 1 per ecent level of probability



APPENDIX IV

Chi-gquare values for comparison of different varieties of bougainvillea on rooting percentage during
summer season :

Scailet Jaia— Enldlan=- lLady Mary <Thimna Cherry Mahare Spring “aharaja

Varieties Glory cagter Bering Blossom Festival of
Mysore
Scarlet Glory 1.33 140,0%*% 70,40 31.3%%  69,4%% 41.65*% 57.18%% 59.91%=
Jayalakshmy 165.,03%% 88,70%x 4h,5%%  B83,03%¢ 56.46%% 74,238 T7.3 e
Enidlancaster 1347w L2,09%* 13,92%%  31,54%% 20,43%% 18,.82%#
Lady Mary Bering 8.48%% 0,01 4,13 0.843 = 0.541
Thimna T h5%+ 0.66 37508 L, 49w
Cherry Blossom 3.89* 0.73 0.45
Mahara 1.11 153
Spring Festival 0.014

* Significance at 5 per eent level of protability
## Siemificunce at 1 per cent level of prouablility



Monthly weather data and percentage rcoting of bougainvillea

APFENDIX ¥V

Temperature (°C) Mean Rainfall
Month Rooting Relative
percen= Mean Mean humidity Quantity Number of
tage maximum minimum ‘ (mm) rainy days
June 1983 35.53 31.9 24,95 79.0 387.2 19
July 1983 62.51 29.7 23.7 87.0 580.6 21
August 1983 T7.95 29.1 23.8 87.0 754.7 26
September 1983 71.48 295 23.4 84,0 494,.6 24
February 1984 38.9 34,3 24,2 %6.0 27.0 3
March 1984 64.6 3542 24,3 67.0 18.9 2




APPENDIX VI

Analysis of vcriance table for numter of roots/euttings one month, two months and three
months after planting

Mean squares

Source daf Igt month 2nd month Jrd month
Rainy Summer Rainy Summer Rainy Sunner
. season season season season season seascn
Total 1 97 - - - - - -
Variety 8 802,23%%  216,35% 1786.63%%  379,53%%  1208.05%% 274 ,04%
Trestment 10 256.78%%  179,60%%  539,57%% 103.09% 306.90%* 79,08%*
Interaction 80 44 .36 29.21 90.27 36.18 93.4%9 19.51
Error 99 29.75 23.72 97:05 25.77 60.02 13.73

* gSignificance at 5 per cent level of probability
% significance at 1 per cent level of prcbability



APPENDIX VII

Analysis of variance tzble for length of rcots/cuttingsone month, two months and three

months after planting

Mesn squares

Source ar Ist month 2nd mcnth 3rd month
Rainy Summer Rainy Summer Rainy Summer
season season sesson seascn seagon season

Total 1 97 - - - - - -

Variety 8 0.240 0. 463% 12,4400 2.35% 33.30%% 15,02%

Treatment 10 0. 636“ Oa 295" 2o 59* 2e 31 Te 26 6; 85%

Interaction 80 0.262 T.82 1.11 1.01 4,75 4,18

Error 99 0.177 6.67 0.75 1.15 3.49 2.84

#* Significance at 5 per cent level of probability
w significance at 1 per cent level of probability



APPENDIX VIII

Analysis of variance table for number of shoots/cutting one month, two months and three
months after planting

Mean squires

Source dar Ist month 2nd month 3rd mcnth
Rainy Summer Rainy Sumnmer Rainy Susmer
_ seascn season seascn season season season
Total 197 - - - - - -
Variety 8 9.26 6. 46 3.30 3.00%% 2,05 1.55%
Treatment 10 7.28 2.50% 1.393 1.76* 1.09 0.54
Interaction 80 5.18 1.5% 1.74 1.07 0,969 0.776
Error 97 5.75 1.12 1.82 0.676 1.217 0.0hk

* significance at 5 per cent level of probability
#% Significunce at 1 per cent level of probavbility



APPENDIX

IX

Anelysis of wariance table for fresh weight of shoot/cutting one month, two months and
three months after planting

Mean squares

Scurce ar —-1at month .gnd_month ord month
Rainy Summer Ralny Sumner Rainy Summer
season seascn season season 8€ason season

Variety 8 2.566%» 3.69h e 15.029%% 17. 23208 57.09% 4% _9Lae

Treataent 10 1.351% 1. 460%% 2.544 10. 4310w 7.884 15.92ne

Interaction 80 0.453 0.531 1229 3.358 3335 3247

Error 97 0.336 0.7%9 1.776 0.224 5.067 2.064

#* Significance at 5 per cent level of probability
#% Sigznificonce at 1 per cent level cf probability



APPENDIX X

Analysis of wvariance table for fresh welght of roots/cutting one month, two months and
three months after planting

Mean squares

Scuree af Igt month 2nd month _3rd month
Ralny Summer Rainy Summer Rainy Summer
season seascn season season season season
Total 197 - - - - - -
Variety 8 T77520.9%% 50757.6%#%  B16711,7#% 12254 ,8%% 340517,8%#8 38605,00%
Treatment 10 9168, 7#0  62LO.5%%  110344,3% 30474.4%% 153103,.2%* 16505,0# ¥
Interaction 80 8804, 2% 1691.78**  56036.5 6338.3* 1481%0.8 22496.6

* Sigalficance at 9 per cent level of probability
#* Significance at 1 per cent level of prouvanility



APPENDIX XI

Analysis of veriance table for shoot:root ratio/cutting one month, two months and three
months after plonting

Mean squares

Source ds Ist month 2nd month 3rd month
Rainy Summer Rainy Summer Rainy Susmer
geascn season season season seascn season

Variety 8 294k 66" 3012, 4% 3oL T1ne 227 1. 2% 291.33%% 22 588

Interaction 80 43,16 261.19™ 54,38 311,47 29,91 89,22

Error 99 1900& 99-“6 39469 7&.95 25-0‘3 30. 10

* gSigmificance at 5 per cent level of probability
#» Significance at 1 per cent level of probability



APPERDIX XII

Intercorrelation matrix between root number, root length, shoot number, root weight,
percentage of rooting and shoot weight of bougainvillea cuttings during rainy season

Root Root Shoot Root Percentage Shoot
nunber length nunber welight rooting weight
Root number 1 00 Q.3200 -0 38 %* 0.270% 0.652% 0.ABun
Shoot numbar 1.00%% 0.12 O.5T7%s 0.550%%
Root weight 1,00%# 0.241% 0.254%
Percentage
rooting 1.00%» O.6h s

* Significance at 5 per cent level of probability
# gignificcnce at 1 per cent level of probability



APPENDIX XIII

Intercorrelation matrix between root number, roct length, shoot number, root weight,
percentage of rcoting and shoot weight of bougainvillea cuttings during summer season

Root Root Shoot Root Percentage Shoot
number length number weight rooting weight
Root number 1« O0% O. 25* "0.053 Q. 65” O 553’* 0&35“
Root length 1.0% % 0.019 0.60% * 0.22 0. hnn
Shoot number 1.08% 0.083 0.556%+ =0.050
Reot welght 1.0%» 059 1% 0., 46Tan
Percentage ,
rooting | 1.0% 0.417%»

# Significant at 5 per cent level of probuability
** Significant at 1 per cent level of probability



APPENDIX XXV

Correlation matrix among organic carbon conteat, total
nitrogen, C/N ratic and percentage of rcoting of
bougainvillea cuttings dwring rainy season

Total Persentage
nitrogen C/N of rooting
Organic carbon 0.756% »0,308%# «Q,6260%
Total nitrogen w0, TOT#* «0,686%»
C/N ratio 0,512%%
APPENDIX XV

Correlation matric among organic carben content, total
nitrogen, C/N ratic and percentage of rooting of
bougainvillea cuttings during summer season

Total Percentage

nitrogen c/x of rooting
Organic carhbon =0, 151 0.05 =04 59104
Total nitrogen 0.016 -0.,027
C/N ratio 0.164

*» Significant at 1 per cent level of probability



APPENDIX XVI

Pairwise comparison of different explant socurces for their
effect on callus formation

Mature oot  Embryonic Mature
dorment aplces leaves leaf disc

Impature Axillary

stem pieces 2,68 0.79 0 2,40
gﬁﬁﬁ”’ dormant T80 3.89*% 0.174
Shoot apices 0.02 3.13
Embryonic leaves 0.82

APPENDIX XVII

Chiegquare values for comparison of different levels of NAA

NAA (mg/1) 1,0 1.5 2,0
0.5 20, T7en 5e34% 4,10%
1.0 3.23* 6:‘.2*
1.5 0.0017

#* sSignificance at 5 per cent level of probability
#% gignificance at 1 per cent level of probability



APPENDIX XVIIX

Chi-~square values for comparisens of different levels of KIN and BA
for the effect on callus formation

ag/i 0.5 08 1.0 0.2 0.5 08 1%
KIN 0.2 0.14 0.05 0.18 0.5 12,19%% 11,8488 11,41
KIN 0.5 0 0.045  10,9%%  13,35%% 12,5348 12,55##
KIN 0.8 0.41 9.98%## 16,37%% 16,38%% 16,38%n
KIN 1.0 111288 18,31%% 17,351%% 17,31%»
BA 0.2 4,0B%  T,46%® 7,46%%
BA 0¢5 0 0
BA 0.8 0

APPENDIX XIX

Chi-aquare values for comparison of three auxins for the effeet on
callus formation

IAA NAA NAA 244D 24D
ng/1 2.0 1.0 2.0 1.0 2.0
TAA 1.0 0,132  7.90%*  7.10%* 0,04 6.79%*
IAA 2.0 1.98 1.37 0.60 1.37
NAA 1.0 0.603 5.9% 0.31
NAA 2.0 1,37 0,071
2,4sD 1,0 1,37

* gignificance at 5 per cent level of probability
#% Significance at 1 per cent level of probability



APPENDIX XX

Chi-square values for aomparison of the three varietiss for
the effect on callus formation

Cherry Spring

Blossos szs‘tivu
Mahara 3.70% 10. 194
Cherry Blossom 6. 54%n

* Significant at 5 per cent level of probability
% Significent at 1 per ecent level of probability
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ABSTRACT

The present investigations were garried out at the
College of Horticulture, Kerale Agricultural University,
during 1983-'84 to standardise the asexual propegation in
bougainvillea through conventional as well as micropropageation
techniques. For macropropagation studies, cuttings from
nine varieties were treatad with IBA and NAA each at 100,
300, 750 and 100C ppm concentrations. The results revealed
that all the treatments, particularly IBA were signifigantly
superior to the control., Socaking the basal ends of the
cuttings in IBA 500 ppm solution for & period of six hours,
gave naximum percentage of rooting both in rainy and summer
seasons. The rooting response of different varieties
varied considerably, Maximum percentage of rooting was
obtained in the variety 'Jayalakshmy' and minimum in 'Cherry
Blossom! during both the seasons, Organic carbon and total
nitrogen content showed a aigmificant negotive ccoireleslion
with percentage of rocting. A positive correlation was
however observed between C/N ratio and rooting percentage.
Rooting was more when the rainfall was maximum and variation
in mean temperature was less. Root number, roct length and
root weight were signiflicently increased in all the auxin
treated cuttings then in the control, Number of roots,
length and fresh weight of roots/cutting were more during



rainy season, than in summer, Fresh weight of the shoot/
cutting and shoot/rcot retio were more during summer then

in rainy season.

Micropropagation studies carried out using the
explants from *shy' rooting varieties of bougainvillea
indicated that, of the different explant sources tried,
shoot spices and immature axillary stem segments were the
most potent sources for callus formation., All the three
auxins tried namely, IAA, NAA and 2,4«D were capable of
initiating callus, but 2,4«D delayed the period of
initiation, 3 medium supplemented with NAA and 3A was
found to be most suitable for callus formation, and maximum
nunber cf ocultures callused in the presence of NAA
1.0 mg/l + 3A 0,5 mg/l., KIN was found to be less effective
than BA.

Maximum number of cultures cellused, in the case of
explants collected from the variety 'Mahare', compered to
that from 'Cherry Bloasom® and 'Spring Festivel!, Attempts
to induce proli:tefation of axillary buds showed that, M5
medium containing 5A 2,0 mg/l + IAA 1.0 mg/l was optimunm,
Higher concentrations of BA (9.0 mg/l and above), though
induced more number of shcoots, they were abnormal and
unhealthy, Addition of adenine sulpbete 50 mg/l produced



e synergistic effect on laeot production., Fresh shoot
apices and precallused shoots rocted readily on full and
half strength MS medium sqpplnpented with different auxins
like IAA, NAA andIBA. Percentage of rooting was maximum
on half strength MS medium in the presence of IBA 1.6 mg/l,
The time required for root initistion wes reduced on half
strength M8 medium and further vhen precallused shoots were
used, Field transplantation of the rooted plentlets was
not successful and further studies in this espect is

necessery.
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