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Standardization of hardening protocol of tissue cultured mulberry plants
(Morus spp.)

REDDY LAKSHMI, V.
Abstract

Present investigation on “standardization of hardening protocol of tissue
cultured mulberry plants (Morus spp.)” was carried out to standardize the
hardening protocol for mulberry genotypes through nodal explants using five
genotypes viz., Vi, Sgs, (Irrigated); Si3, RFSi3s (Rainfed) and Mysore local
(Control).

Nodal explants of all the genotypes exhibited survival of 79.36 per cent
when treated with 0.1 per cent HgCl; for about 8 minutes. S3s recorded
maximum callus initiation (60.76%) compared to the other genotypes, when
treated with 2.0mg/L 2, 4-D along with 0.75 or 1.00mg/L BAP, 2, 4-D therefore
it was identified as the best auxin for callus induction. Callus differentiation
into shoots was also maximum in S3s variety, when MS medium used was
fortified with combination of BAP (2mg/L) and NAA (0.1mg/L). Significantly
higher rooting percentage (48.07%, 40.82%) was recorded when shoots were
transferred to MS media having 1.0 mg/L and 1.5 mg/L NAA respectively as
compared to control (22.50 %). Maximum number of leaves were recorded when
S0 per cent and 75 per cent glycerol were applied as antitransparents (4.40.
4.13), followed by low melting paraffin wax (4.00) and 50 per cent grease
petroleum (3.93) compared to control (2.93). Shoot length recorded maximum
when grown on potung mixture (Peat: perlite: vermiculite (1:1:1)+ MS+1 ppm of
NAA+1ppm IBA +l1ppm IAA+(5.46) while sand: soil: perlite +1/2 MS+1ppm
[AA+1ppm I[IBA+1ppmIAA stood next (5.40). Maximum plant height was
recorded significantly with the 50 per cent shading (3.69%) and 75 per cent
shading (3.42%). Survival rate was recorded significantly higher in mulberry
with 45 days (81.94%) and 30 days after planting (80.89%). Considering callus
initiation, shoot, internodal length, root formation, plant height, number of

leaves and survival per cent, genotype Sis performed best out of all other

varieties tried.

Date: 10-09-2007 Dr. D. Nuthan
Place: Bangalore Major Advisor
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I. INTRODUCTION

India is the second largest producer of raw silk (11,487 M.T)
with an area 3,13,109 hectares under mulberry cultivation. Karnataka
is the pioneering state contributing about 54% of the Indian silk
production with a land area of 1, 66,000 hectares under mulberry

cultivation. (Annon, 1992).

Mulberry has its economic importance in the sericulture
industry because its foliage is used as food for silkworms. Besides
being an important host plant, mulberry is also one of the important
multipurpose trees and referred to as “Kalpavaruksha” (Dandin and
Ramesh, 1987). Incidentally the production cost of mulberry leaves
covers more than 60% of the cost of cocoon production in sericulture.
(Das and Krishna Swami, 1965).

Mulberry is represented by more than a hundred wild and
evolved tropical genotypes characterized by high leaf yield, tolerant to
biotic and abiotic stresses. Much work has been done on large- scale
production of plants involving techniques such as automation of
existing producers, (Levin, 1988) and the production of somatic
embryos (Arima et al., 1989; Stuart et al,, 1990; Zimmerman, 1993;
Dave and Batra, 1995; Tomar et al., 1999).

Mulberry is conventionally propagated through cuttings. Goel et
al., (1998) studied variability in rooting parameters in 150 Indian and
exotic mulberry germplasm accessions at sapling stage and
categorized them as poor, medium and good survivors. Many desired
cultivars do not root easily or have low rooting ability. Such difficult
varieties c,uld be multiplied by using tissue culture techniques
(Bonga, 1977, 1981; Vasil and Vasil, 1980; Pal, 1983 and Uematsu et
al., 1987). Propagation via cuttings is restricted to only certain

months of the years, and the saplings obtained by cuttings when
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compared with micro propagated plants also show inferior

morphogenesis vigor (Zaman et al., 1997).

Mulberry propagation through seeds is undesirable owing to
cross-pollination and heterozygosis (Das, 1983), polyploidy in the
plants and the dioecious nature of the genus is a serious barrier to
genetic improvement by conventional hybridization technique. Asexual
multiplication is preferred over sexual means as the genetic
characters of the parent are maintained and population variation is
minimized. Clonal propagation of mulberry using tissue culture
techniques has many useful applications in silk industry (Ravindaran
et al., 1988).

Micro propagation technique is effectively utilized for clonal
propagation of elite genotypes of a number of economic tree species
viz, Teak (Gupta et al, 1980), Eucalyptus (Gupta et al, 1981) and
Sandalwood (Rao and Bapat, 1978).

In France, Nitsch succeeded in the culture of excised ovaries
and tissues of fruit trees. This was the 1st attempt of the culture of
fruits in vitro. Ohyama (1970) was the first to report tissue culture in
Mulberry plants. Morus alba, M .bombycis and M. indica have since
been cultured (Ohyama, 1970); Ghugale et al, 1971; Oka and
Ohyama, 1981; Vijayan et al., 2000; Machii, 1990; Saito and Katagiri,
1989); Hossain et al, 1992; lvanica, 1987; Jain and Datta, 1992),
cotyledon (Wang et al., 1996) and anther explants were carried out
and indirect regeneration (Shoukang et al, 1987; Srinivasa et al,

2001; Narayan et al., 1989) was also reported.

Recently, tissue culture technology has been applied to
mulberry and fruitful results have been obtained. There are reports
that regarding the development of a highly efficient protocol for direct

regeneration from auxiliary buds of some elite Indian mulberry
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cultivars, namely RFSi7s, Si1, K2, DD and a Japanese cultivar Morus
multicaulis. cv. Goshoerami in the media supplemented with these
thidiazuron and activated charcoal (Tewary et al., 1999; Bhatnagar et
al., 2001).

In recent years tissue culture has been extensively tried in
economically important tree species (Sinha and Mallik, 1987).
Recently, Mhatre et al., 1985 has done considerable work on direct
regeneration of plants from the culture of leaf and axillary buds in
Morus indica L. Joarder et al. (1988) have also observed rapid
multiplication of mulberry through culture of shoot tips and lateral
buds. The use of in vitro techniques for mass clonal propagation is the

most advanced application of plant tissue culture.

Tissue culture technology is used as a valuable tool for large-
scale invitro multiplication of commercial crops (George, 1996). In this
direction, varieties of plants were tried based on existing production
parameters in commercial laboratories. It is necessary to know the
production cost per plant and various strategies to lower the cost of
production per plant basis (Prakash and Pierik, 1993). Further, the
input per liter of the medium generally reflects on the cost of the plant

produced such as the price of sucrose and agar.

Asexual multiplication is preferred over sexual means as the
genetic characters of the parent are maintained and population
variation is minimized (Ravindaran et al, 1988). By using micro-
propagation techniques, approximately 10% plants can be produced
from a single nodal explant with in a year. Such high rate of plant
multiplication could not be achieved by any other traditional method

of vegetative propagation (Snerma and Thorpe; 1990).

Tremendous progress has been made in mulberry tissue culture

which is mainly confined to micropropagation through direct and
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indirect regeneration using different explants. In vitro rooting
techniques was practically an additional step to obtain complete
plants under culture conditions (Ohyama, 1970; Oka and Ohyama,
1974; Patel et al., 1983; Chung, 1985; Ivanicka, 198; Oshigane, 1989;
Narayan et al, 1989; Tewary and Subba Rao, 1990; Rac and
Raghunath, 1993 and Srinivasa, et al., 2001).

Several attempts have been made to utilize tissue culture
techniques for micro propagation and regeneration using non-
embryogenic vegetative propagules of different varieties of mulberry to
overcome constraints (Ohyama, 1970; Ghugale et al., 1971; Oka and
Ohyama, 1981; Kim et al, 1985; Jain et al., 1990; Hossain et al.,
1992; Pattnaik and Chand, 1997; Tewary and Oka, 1999 and

Srinivasa, et al., 2001).

Though Mulberry responds well to tissue culture techniques,
little or no information exists on use of nodal explants and hardening
process of tissue cultured mulberry plants. Therefore, the present
investigation, “Standardization of hardening protocol of tissue
cultured mulberry plants (Morus spp).” was carried out with the

following objectives:

; 8 Micropropagation and standardization of hardening protocol for
tissue cultured plants.
To maximize survival rate in tissue cultured plants.
To enhance the plant growth and establishment of tissue
cultured plants.
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II. REVIEW OF LITERATURE

Direct and indirect regeneration of mulberry using shoot tips,
axillary buds, internodes, leaf petiole, hypocotyls, cotyledons, and leaf

as explants material are reviewed in this chapter.

2.1 Sterilization of Explants

To initiate aseptic culture, the nodal segments (0.5-1.0cm) from
six month old aforesaid cultivars were rinsed in 5% Teepol for 3min.,
disinfected in a 0.1% (w/v) aqueous HgCl; solution for Smin.,
thoroughly in sterile distilled water and cultured in MS medium
(Tewary et al., 1989; Kathiravan et al., 1995; Pavan et al.,, 1999 and
Bhatnagar et al., 2002).

Seeds of mulberry (Morus alba), were washed thoroughly in
running tap water, surface sterilized with 0.1% mercuric chloride for 5
min, and washed several times with sterile distilled water (Kim et al.,
1985; Kapur et al., 2001; Das et al., 2003 and Vijayan et al., 2000).

The shoot apex explants were sterilized in chlorine for 5-8min
and washed several times in sterile water (Tewary and Subba Rao,
1990).

Seeds of Mulberry (Morus alba), were surface sterilized with
0.2% mercuric chloride for 8 min, and rinsed several times with sterile
distilled water (Ohyama, 1970; Sharma and Thofpe, 1990; Shajahan
et al., 1995).

The auxiliary buds were washed first with the detergent “Teepol”
(5ml/ 100ml distilled water) for 8-10 min and removed by washing the
buds 5-6 times with distilled water. Later, buds were surface sterilized
with HgCl2 (0.15%) for 8 min and washed 7-8 times with autoclaved
double distilled water (Jain et al., 1990).
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The explants were washed with running tap water for 20-30 min
and then treated with 1 % v/v Cetavlon (20%w/v cetrimide, a
detergent and antiseptic) for 5 min. After washing with water several
times, explants were passed through an ultraviolet sterile laminar flow
for sterilization. Explants were treated by successive immersion in
70% ethanol for 30 sec. and 0.05% HgCl, for 2 min, followed by

rinsing 5-6 times in sterile water (Yadav et al., 1990).

Shoot node explants were washed first with Labelene (liquid
detergent) for 15 min followed by through washing in running tap
water. The cleaned material was then treated with 0.1% Bavistin for
20 minutes followed by 0.1% streptomycin for 10 minutes and then
given several washes in distilled water. The cleaned material was
surface sterilized with 5% sodium hypochlorite solution for 5 min
followed by thorough rinsing with autoclaved distilled water (Tewary et
al., 1996). '

Pavan et al., 1999 reported that nodal explants of K2 mulberry
variety were thoroughly washed in running tap water, and then with 5
per cent Teepol and sterile distilled water. Explant was surface
sterilized with aqueous solution of HgCl, (0.1%) for 5 min followed by

rinsing four to five times in sterile distilled water.

Explants were surface sterilized by immersing and washing in
solution of Labolene (1:20) for 10 min, rinsed in sterile water and
transferred to 70% alcohol for 20-30 seconds followed by the
treatment of 12% Mercuric chloride for 10 min, then washed for 4-5

times with sterile water (Revanasiddaiah et al., 1999).

Viable seeds of variety S-799 were treated initially with 70%
ethanol for 1min and washed thoroughly with sterile Jistilled water
and then surface sterilized with mercuric chloride (0.1% w/v) 4-5
minutes and then washed several times with sterile distilled water

under aseptic conditions (Vijayan et al., 1998: Wang et al., 1996).
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2.2 Regeneration Response of Different Mulberry Genotypes

Kathiravan et al., 1995 reported that regeneration in tissue
culture is a genetically controlled trait (Bhojwani et al, 1984:
Tempeton-Somers and Collins, 1986) in mulberry, frequency of shoot
regeneration and the number of shoots per explant varied among the
genotypes. The maximum frequency of regeneration was observed in
S34 followed by MRz, Ms and Ichinose (92%, 86%, 82% and 74%

respectively).

The optimum BAP concentration for shoot bud differentiation
and subsequent shoot growth was found to be 1 mg/1 for Sujanpur-5
and 2 mg/l for S-799. Whereas, the increased concentration of BAP
i.e., 3 mg/l1 was found giving highest sprouting percentage and
optimum growth in Kz and LF. varieties. Raising the BAP
concentration further up to 5 mg/1 failed to produce any response in
the tested genotypes. Of various concentrations tried, IBA combined
with 1 mg/1 of BAP induced maximum sprouting (70-90%) with
optimum shoot elongation (3-4cm) in Trio, MSs, RFSiss, and MR2
(varieties). Addition of GAs at 0.5 mg/1 in the above combination of
IBA + BAP was found essential to give optimum results in S-41 and

Cre3 (Tewary et al., 1996).

In Morus indica BAP (0.25-0.5mg/1), in M. alba and M.
rotondifolia GAs (0.5-1.0mg/1) were found to induce sprouting. Two
genotypes of M. bombycis, namely Schmanochi and Mizusawa,
developed healthy shoots on the incorporation of 2,4-D (0.5-1.0 mg/1)
and BAP (0.5-2.0 mg/ 1), respectively (Jain et al., 1990).

2.3 Effect of Source of Brplants on Regeneration Response
Kim et al., 1985 reported that cotyledons excised from embryos
cultured on medium without cytokines did not produce buds under

any of the culture conditions. The first formed leaves were excellent
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explants for adventitious bud formation with younger (10-15 days old)
leaves showing higher frequencies of bud formation than older leaves.
Hypocotyl segments showed very poor response to the culture
treatments. Shoot tips bearing a few leaf primordial, however, were
very good explants. The Murashige and Skoog’s medium (1962) was
more effective in bud induction and development than Von Arnold and
Eriksson (1981) medium although 2 mg/1 BAP alone was sufficient to
induce buds in most explants. Addition of low levels of NAA
concentration there was a reduction in frequency of bud formation in
all explants. Addition of NAA at 0.1 mg/1 caused callus formation and
completely inhibited bud formation. Increasing the levels of BAP in the
medium above 2 mg/1 did not improve bud formation, instead, had

adverse effects on elongation of the buds.

The position of the nodal segments on the parent shoot exerted
a notable effect on the rate of shoot multiplication. More mature
segments formed more vigorous shoots, characterized by greater shoot
length and number of nodes per shoot. Consequently, the nodes from
the basal portion of the donor shoot were distinctly superior to all
other explants for shoot multiplication. The amount of callus formed
at the cut end of the shoot also increased with the maturity of the

nodal segment (Sharma and Thorpe, 1990).

2.4 Callus Induction

Shoot apex explants when placed on MS medium supplemented
with 2mg/1 BAP after about a month of culture, produced friable
callus (Tewary et al., 1990).

Christena et al. (1992) reported that somatic embryogenesis,
was induced in hypocotyl of explants of Geranium (Pelargonium x
Hortorum) cultured on media supplemented with various
concentrations of N-phenyl-N’-1,2,3-thaidiazol-5-yl urea(thidiazuron)

ranging from 0.2 to 1.0uM . The use of N® —benzyl amino -purine in
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combination with Indole —3-acetic acid also evoked embryogenesis,
but the efficiency of somatic embryo production was significantly
lower than that obtained with TDZ.

Machii, 1992 reported that callus induction under light
conditions, almost the same number of calli was formed on the MS
and B5 media. On the contrary, under dark conditions, a larger

number of calli was formed on the BS medium than MS medium.

Calli was induced by 100% addition of Smg /1 Coumarine or 0.1
to 0.25mg/l 2, 4-D to the medium. The application of 10mg/1
Coumarine to the medium containing 2, 4-D showed extensive
promotive effects on the proliferation of calli tissues .On the other
hand, application of 1.0 mg/l brassinolide showed a similar effect as
cytokine (Kuno and Ji, 1996).

Combinations of IAA and TDZ , NAA and TDZ ,2,4-D and TDZ,
the efficiency of callus formation was ++ except for + min high levels
(10pM)of Naphtalene Acetic Acid (NAA). Furthermore, in case of Indole
Acetic Acid (IAA) and BAP, NAA and BAP, efficiency was +, but the
combination of 2,4-D and BAP showed the callus formation of +++
(high levels of 2,4-D),and ++(low levels of 2,4-D) (Tohjima et al.,1996).

Vijayan et al., 1998 reported that hypocotyl segments callused
within 14-16 days of inoculation on MS medium containing 2mg/1 2,
4-D and 0.5 mg/1 BAP. Callus was very friable on medium containing
auxin alone and whereas compact callus obtained on media
containing higher concentrations of 2, 4-D and lower concentration of
BAP.

Srinivasa et al., 2001, reported that callus was induced form the
aseptic segments on Murashige and Skoog’s Basal Media (MSBM)
supplemented with 2,4-D (2mg/l), CM 10% and CH (1mg/l). After
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three weeks of culture cut end of the explants proliferated into profuse

compact callus with initiation of roots.

Kavyashree et al. (2005a) reported that high frequency (83%) of
callus was induced from the cut ends of in vitro petiole explant derived
through direct —organogenesis of mulberry variety-S-54,when cultured
on Linsmaier and Skoog’s. Basal Medium (1965) fortified with 2,4-D
(2.5mg/1) when compared to low frequency (15%) of callus induction
on LSBM fortified with NAA(1.0mg/1). After 21 days of culture, profuse
light yellowish compact and moderate creamish white friable callus

was observed on respective media.

2.5 Shoot Formation (Differentiation)

Chitra and Padmaja (1999) reported that a high frequency of
sprouting (80.0%) and shoot differentiation was observed in the
primary cultures of nodal explants of Morus indica L. cultivar Ms on
MS medium supplemented with 2, 4-D (0.3mg/1). In-vitro proliferated
shoots were multiplied rapidly by culture of shoot tips on MS medium
with BAP (0.5 and 1.0mg/l), which produced the greatest multiple
shoot formation. Multiplication was also achieved by culture of shoot
tips on MS medium with BAP (4.0mg/1) and GAa.

Ohnishi et al. (1986), reported that addition of both abscissic
acid (ABA) and p-amino benzoate (PABA), led to the suppression of the
callus proliferation and the callus could be preserved for 20 weeks
without loosing the freshness in the dark at 28°C. At a low
temperature and over a long period of time, the callus was found to be
alive but growth was realized when the callus was exposed to ambient

conditions.

The explant cultured on semisolid medium with different
concentrations of growth hormones, callusing was observed after 4-5
weeks on MS supplemented with BAP (2mg/1) and 2, 4-D (0.5mg/1).
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Browning of callus was observed due to phenolic accumulation after
certain age. BAP + 2, 4-D were found suitable for long term callus
cultures and the growth rate revealed increasing growth indices with
aging of callus and growth was maximum in about 4 months duration
(Tewary et al., 1989).

Chattopadhyay et al. 1990 reported that most distinguishable
multiple shoots were noted on MS medium containing [AA+BAP
(1+2mg/1). Initiation of 40 per cent rooted shoots from auxillary bud
explant from a mature plant was also noted after 15 days of culture
period on Murashige and Skoog’s medium (1962) having NAA+Kn
(1+0.5mg/1). Various concentrations of IAA and BAP in different
combinations were also considered to promote the frequency of
multiple shoot formation from a single auxillary bud. Maximum

number of shoots were obtained after 30 days of culture.

Addition of BA to MS with 3 per cent sucrose favoured shoot
growth. Among the various BA concentrations tested, 2.5pM BA was
significantly superior, both in terms of shoot length and the number of
nodes formed per shoot .While the presence of 0.5 and 1.0 pM BA, in
both the above parameters of shoot multiplication remained lower
however, levels greater than 2.5 pM either inhibited both shoot length
and number of nodes or only shoot length at 7.5pM BA. Sucrose at
3% was optimum for shoot length. Decreasing the sucrose
concentration to 1 to 2 per cent or increasing it to 5 per cent inhibited
shoot growth, although the rate of shoot multiplication was not
affected at 5 per cent sucrose. This was mainly due to the formation of

multiple auxillary shoots (Sharma and Thorpe, 1990).

Shoot apex explants cultured on MS medium fortified with
diffcrent concentrations of BAP, regenerated multiple number of shoot

along with a proliferation of callus (Tewary et al., 1996).
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Yadav et al. (1990) reported that shoot proliferation (80%) and
growth increased when a cytokinin (BAP or Kn) was present in the
medium, depending on the concentration. Maximum numbér of
shoots was observed at 1.0mg/l of BAP, where as maximum shoot
length was observed at 0.5mg/l BAP. BAP was better than Kn for

shoot multiplication and growth.

Saito, 1992 reported that the largest number of shoots was
obtained from the adventitious buds, when 1mg/1 of BA was added to
the MS medium. “Hayatesakari” developed the largest number of
shoots, followed by “Minamiskari” and “Kenmochi” by sub culturing
the adventitious bud clusters derived from immature leaves on MS

medium.

Optimum proliferation of shoots was obtained on MS medium
supplemented with 1.0mg/l benzyl- aminopurine (BAP) and 2.0
percent fructose under a light intensity of 3000-6000lux at 25°c.

Proliferation was maximum after 30 days of culture (Katase, 1993a).

Multiple bud bodies (MBB) were induced after 1-2 months in the
presence of 2mg/1 4PU, a cytokinin-like urea derivative. BA and Zeatin
promoted the development of few leaves and the formation of
elongated shoots, but did not induce MBB. The MBBs from the
mulberry produced normal shoots when cultured on a solid medium
containing 1mg/l BA. Fructose stimulated the shoot formation from

MBB more effectively than sucrose (Hayashi and Oka, 1995).

Kathiravan et al. (1995) reported that MS (Murashige and
Skoog) medium containing benzyl-aminopurine (BAP) or Kinetin (K)
induced multiple shoots in nodal explants, but the maximum number
of regenerants per explant was induced by the addition of BAP. the
efficiency of BAP for shoot multiplication was not improved when it
was not supplemented with Naphthalene Acetic Acid (NAA) or Indole
Butyric Acid (IBA).
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Shajahan et al. (1995) reported that Murashige and Skoog’s
(MS) salts containing 1.0mg/l1 Benzyl Amino Purine is a suitable
medium for in vitro shoot multiplication. Mature nodal segments (third
or forth node from shoot tip) formed more vigorous shoot than the

shoot tip and youngest nodal segments.

Tewary et al. (1996) reported that the maximum morphogenic
response was elicited by BAP (2mg/1) alone for Ss4 where green shoot
buds were inducted within three weeks of culture. Four to six shoot
number however increased during each passage. This increase is due
to the optimal hormonal concentrations used in subsequent passages,
which promote the growth of meristematic tissue in regenerating
cultures. The rate of multiplication plotted at 20 days interval
indicated a continuous increase up to 100 days and thereafter, it

remained almost static during subsequent sub-cultures.

Wang et al. (1996) reported that a medium containing MS
mineral salts, vitamins, 3.0mg/1 of BAP, 0.3mg/1 IAA, 30g/1 of sucrose
or glucose, 500mg/1 lactalbumine hydrolysate, solidified with 6g/1 of
agar powder was most favourable for inducing adventitious buds on
mulberry cotyledons, with this medium, the induction rate reached

over 80%.

Kamili et al. (1998) reported that addition of growth adjuvants
like Yeast extract(YE),Coconut milk(CM), Malt extract(ME), peptone
and casamino acids with 2,4-D (1mg/l) promoted hundred per cent

sprouting of auxillary buds in both Morus alba and Morus latifolia.

High frequency bud break and multiple shoots were induced in
apical shoot buds and nodal explarns of Morus cathayan, M.ithou and
M. serrata on MS medium containing 0.5-1.0mg/1 BAP. Addition of
gibberellic acid (0.4mg/1) along with BAP induced faster bud break

both in apical shoot buds and nodal explants and also enhanced the
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frequency of bud break in all three species (Pattnaik and Chand,
1997).

Sugimura et al. (1998) reported that high frequency of bud
formation was achieved by using the medium supplemented with
cytokinin (6-benzyl amino purine or thidiazuron) and 2, 3, 5-

triiodobenzoic acid (TIBA) throughout the culture.

Combination of BAP (2mg/l) and NAA (0.1mg/1) was found most
effective in inducing higher percentage (64.00+_7.00) of multiple shoot
buds (38.66+-7.50) from callus. The presence of BAP in the
germinating medium could have reduced the endogenous auxin
content in the hypocotyl explant while the higher amount of
endogenous auxin present in the explant was found inducing

rhizogenesis in Mulberry callus (Vijayan et al., 1998).

Multiple shoots were regenerated from the basal leaf in the
presence of the high concentrations of thidiazuron (TDZ) and low
concentrations of 2, 3, 5-trilodobenzoic acid (TIBA) (Adachi et al.,
1999).

Adventitious bud formation and plant regeneration from
immature leaf cultures varied considerably with genotype .Several
genotypes having high capacity for adventitious bud formation, like
Kanadasansou-A showed the highest percentage(72%) of adventitious
bud formation, while Oyutaka formed the highest number (6.3) of
adventitious buds per explant and showed high percentage of shoot
formation(Machii, 1999).

Revanasiddaiah et al. (1999) reported that MSBM was found to
be best when compared to LSBM for bud multiplication. After the
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results showed that in vitro formed shoots produced 80-85% rooted
shoots when the MS was supplemented with 1 and 2mg/1 NAA for T,
and T2 explants respectively (Chattopadhyay et al.,1990).

The shoots were rooted on half strength MS medium containing
the combination of IAA, IBA and Indole -3-propionic acid each at
1.0mg/1. The plantlets were successfully acclimatized and eventually
established in soil (Pattnaik and Chand, 1997).

The shoots maintained in the proliferation medium
(MS+2.5mg/l BA + 3% sucrose) for over 4 weeks developed
adventitious roots at the callused basal end. Addition of 0.05 per cent
to 0.1 per cent activated charcoal to the shoot proliferation medium
did not affect the rate of shoot multiplication or the formation of roots.
However, the presence of activated charcoal initiated roots were within
2 weeks of culture as compared with 4-5 weeks in controls (Sharma
and Thorpe, 1990).

Two to three roots were produced by each shoot on MS medium
containing an auxin (IBA, IAA, and NAA) after 3 weeks of culture.
Among the three auxins tested, IBA was found to be the best for root
induction, followed by IAA and NAA. Shoots rooted best in 0.25-
1.0mg/1 of IBA. The maximum number of roots per shoots was
recorded at 0.25mg/1 of IBA (Yadav et al., 1990).

Regenerated shoots were rooted on MS basal medium with lower
levels of IBA but an increase in concentration of IBA inhibited root

development (Kathiravan et al., 1995).

Rooting was better in 0.5mg/l NAA, where 89 per cent of the
explants initiated vigorous roots. Root system developed from NAA
was larger than those from IBA. Higher concentrations of NAA were

inhibitory to root induction where as higher concentration of IBA

E NIVERSITY s* Th.
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weeks the auxillary buds of aseptic plant gave more multiple shoots
on MS medium supplemented with 2.5mg/l BAPcompared to the

explant of field grown plants.

Regeneration frequency varied from 1.67+- 0.51 to 15.00+-
2.88% with 1-3 shoots per explant in sucrose .In fructose,
regeneration frequency varied from 6.67+-1.66 t023.33+-4.11% with
1-6 buds per explant. In glucose, the frequency of regeneration was
very high, showing a range of 5.00+-2.88 to 80.00+-5.77 with 1-12
buds per explant indicating the superiority of glucose over the other

two carbohydrate sources. (Vijayan et al., 2000).

Chakravarthy et al. (2001) reported that thidiazuron (TDZ), a
substituted phenyl urea with cytokine activity was significantly more
effective in inducing nodule like structures from leaf cultures. The
optimal TDZ and IAA concentrations for organogenesis from leaf

cultures were 4.54M and 1.71M, respectively.

Kapur et al.,, 2001 reported that regeneration percentage was
maximum (up to 60%) from leaf explants of field grown plants followed
by the leaf explants taken from in vitro cultures (up to 40%).The
highest percentage of regeneration(61.4%) was observed on MS+IAA
(2mg/l) + TDZ (1.1mg/l) + AgNOs (2mg/l) in both K-2 and DD
cultivars. Addition of BAP to TDZ, reduced the response, but presence
of JAA and AgNOgs enhanced the regenecration potential of TDZ from
both the in vitro raised and field grown explants, in the cultivars K-2
and DD. The results indicated that TDZ is better than BAP in inducing
multiple shoots. The presence of AgNOs is not only beneficial but also

improves the quality of regenerants.

2.6 ROOTING
After 4 weeks of culture periods, in vitro raised multiple shoots

were excised and transferred to MS liquid medium individually. The
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induced more roots but the growth was very slow (Vijayan et al,
1998).

Adventitious roots were induced from the basal part of shoots
using a media with 0.1pnM 2, 4-D and hormone free medium.
Increasing the concentration of 2, 4-D did not promote rooting
response. Approximately 60% of inoculated shoots regenerated into
complete plantlets with profuse roots when 0.1pM 2, 4-D was added
to the medium (Adachi et al., 1999).

Chakravarthy et al. (2001) reported that rooted shoots were
obtained on MS basal medium and elongated shoots were rooted on
MS medium with 4.9uM indole butyric acid (IBA).

With the addition of activated charcoal to the NAA
supplemented medium, the rooting frequency increased appreciably.
The rooting percentage was 72 for Ci7e and 66 for C776¢ (Bhatnagar et
al., 2002).

Kavyashree et al. (2005a) reported that well developed
elongated, healthy, multiple shoots derived from light yellowish
compact callus were subjected to ex-vitro rooting technique to obtain

a complete plantlet.

2.7 Hardening
2.7.1 Effect of Antitransparents in Hardening Process of Tissue
Cultured Mulberry Plants

Spraying of plantlets with impermeable materials (50% aqueous
glycerol, low melting point paraffin or petroleum grease, dissolved in
diethyl ether, growth retardants and anti-transparent (abscisic ac d) is
a method of reducing water loss from newly planted material. The

plantlets so treated could be transferred directly into pots and no
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establishment phase was necessary (Smith et al., 1990; Smith et al.,

1992; Ghaxhigae et al., 1992 and Pospisilova, 1996).

2.7.2 Performance of Potting Mixture and Shade Levels on
Survival Rate of Tissue cultured Mulberry Plants
In vitro shoots of Morus indica variety Ss4 were transferred to
bottles containing potting mix, peat: perlite: vermiculate (1:1:1 v/v)
with different concentrations per ex-vitro rooting then transferred to
tissue cultured grade soilrite mix, peat: perlite (3:1 v/v) for profuse
rooting and acclimatization and then transferred to the field, where

survival was 98 per cent (Kavyashree, et al., 2005a).

Multiple shoots proliferated from axillary buds of a mature tree
of mulberry (Ss4) cultured on LSBM supplemented with BAP. Shoots
were transferred to rooting medium containing TIBA. Then plantlets
were transferred to soilrite mix, peat: perlite: vermiculate {1:1:1 v/v)
with half strength of MS with NAA. Plantlets were successfully
established in soil (Kavyashree et al., 2005b).

The nodal explants of Morus alba L produced multiple shoots.
This when transferred to rooting media, best rooting was observed in
presence of activated charcoal. The rooted shoots could be
transplanted to sand-vermiculate (1:1) mixture in the green house

with 100 per cent transplantation success (Sharma et al., 1990).

Proliferated shoot cutting inserted directly into plastic trays
containing vermiculate moistened with 0.5ml/L. Hyponex were placed
in the green house and exposed to mist for 15 minutes after. Every 30
minutes after 0.25 days of mist treatment rooted plantlets were grown

under natural day light in the same green house (Katase, 1994).

Abnormal changes (protuberant, opened stomata), caused by

the high humid atmosphere within the culture vessel can be
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minimized by transferring the plantlets into the culture vessel with
ventilation and acclimatized in vitro for 15 days and transferred to
pots and maintained in outdoor conditions for better survival rate
(Adachi et al., 1999).

Plantlets with well developed roots were transferred to earthen
pots containing soilrite: autoclaved soil (1:1) and moistened with 0.5
per cent MS salts initially on alternate days and thereafter twice a
week for a month and then transferred to field. After hardening, the

survival rate was 80 to 85 per cent (Kapﬁr et al., 2001).

Among all the combinations of potting mixtures tried it was
found that potting mixture peat: perlite: sand in ratio of 50: 25: 25
(v/v) was found to be the best combination for hardening of mulberry.
The survival percentage of in vitro raised plants was found to be 90 to

95 per cent in the above potting mixture (Srinivasa et al., 2001).

Multiple shoots proliferated from shoot tip and nodal explants of
a mature type of mulberry, cultured on Murashige and Skoog’s
medium supplemented with BAP. Shoots were transferred to rooting
medium containing IAA. Plantlets rooted within 4 weeks. The plantlets
are successfully transfered to soilrite mix for acclimatization (Usha
Yadav et al., 1990).



MATERIAL AND METHODS



III. MATERIAL AND METHODS

The present investigation on ‘Standardization of Hardening
Protocol of Tissue Cultured Mulberry Plants’ was carried out in the
plant protection laboratory of the Department of Biotechnology, GKVK,
UAS, Bangalore-560065 during the year 2006-07. For this study five
genotypes namely Vi, Sss, S13, RFS135 and Mysore local (control) were
chosen. These mulberry genotypes were collected from the germplasm
maintained in the Department of Sericulture, GKVK, UAS, Bangalore-
560065.

3.1 Laboratory Requirements
3.1.1 Glasswares

Various types of glassware like conical flasks, tissue cultured
bottles, petriplates, test tubes, funnels, beakers, measuring cylinders

and pipettes were used Borosil India Ltd., Mumbai.

Glassware rinsed with water were soaked in 0.15 per cent
chromic acid over night followed by rinsing with tap water and
cleaning with detergent solution. Before use, the glassware were
thoroughly washed with tap water and rinsed with distilled water. All
the material was oven dried and stored in a dust proof area for further

use.

3.1.2 Chemicals

All the salts, vitamins used in the preparation of tissue culture
media were of analytical reagent grade from M/s.Hi Media Co.,
Mumbai. Growth hormones used were of tissue culture grade and
standards obtained from M/s.Sigma Chemicals Co. USA. The gelling
agent used for the media was certified agar obtair.ed from M/s.Titan
Biotech Ltd., Bhiwandi. Sterilizing agents used for sterilizing the plant

material were obtained from M/s.NICE, Cochin.
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3.1.3 Sterilization of Vitamins and Hormones

The heat-liable substances like; vitamins, hormones etc., can
not be autoclaved. So these substances were sterilized by membrane
filter of pore size 0.22u. The filter holders were autoclaved before use.
The substance to be sterilized was inserted into the filter using a
disposable syringe. The filtered substance was collected in a sterile

vial and kept in the refrigerator.

3.2 Culture Medium
3.2.1 Murashige and Skoog’s (MS) Medium Composition
The composition of MS Media used for the present experiment

(Murashige and Skoog, 1962) is given in the Table.1

The MS basal medium was freshly prepared whenever required
by drawing appropriate amount of nutrient solutions from stock
solution prepared and stored. The stock solutions were stored in

refrigerator maintained at 4-5°C.

Sucrose : 20 to 30g/L
Agar : 8 to 10g/L
pH : 5.8

3.3 Research Material for the Study

Five mulberry genotypes namely Sss, V1, S13, RFS135 and Mysore
local were collected from the germplasm maintained in the
Department Sericulture, UAS, GKVK, Bangalore.

Antitransparents: Glycerol, paraffin wax, grease petroleum.

Potting Mixtures: Pots, soil, peat, perlite, vermiculate, FYM, compost.

3.3.1 Preparation of Stock Solution

(a) 2, 4-D Stock Solut;on (1lmg/ml)
100mg of 2, 4-D was weighed and dissolved in 100pl of 0.2N
NaOH. Then the volume made up to 100ml with sterile double
distilled water, filtered and stored at 4°C.
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Table-1: Composition of Murashige and Skoog’s basal medium (1962) stock solutions
Constituents Mg/Lit 83:?:;';? Group V;l:;;e mn:;/l:tm
(mg/10lit)
Macronutrients
NH4NO3 1650 16500
KNO; 1900 19000 I 550ml 25ml
MgSO, 370 3700
KH,PO, 170 1700
CaCl, 2H,0 440 4400 I 100ml 10ml
Micronutrients
FeSO4 7H,0 2785 278.50
111 50ml S5ml
Na;EDTA 3725 372.50
H;BO; 6.20 62.00
MnSOy4 4H,0 2230 223.0
ZnS0Oy4. TH,O 8.60 86.00
KI 0.83 8.30 v 100ml 10ml
Na;Mo0,4.2H,0 0.25 2.50
CuS04.5H;0 0.025 0.25
CoCl,. 6H,0 0.025 0.25
Vitamins
Myoinositol 100 1000
Nicotinic acid 0.50 5.00
Pyridoxine HCI 0.50 5.00 A% 100ml 10ml
Thiam:ne HCI 0.10 1.00
Glycine 2.00 20.00
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Benzyl Adenine Purine (BAP) Stock Solution (2mg/ml)
200mg of BAP was weighed and dissolved in 1ml of 0.2N HCI
and the volume was made up to 100ml with hot sterile double
distilled water, filtered and stored at 4°C.

Per cent HgCl; Stock Solution
Take 2.0ml of 5.0 per cent HgCl, and dilute to 100ml with

double distilled water.

Naphthalene Acetic Acid (NAA) Stock Solution (1mg/ml)
100mg of NAA weighed and dissolved in 100ul of 0.2N NaOH.
Then the volume was made upto 100ml with sterile double
distilled water, filtered and stored at 4°C.

Indole Butric Acid (IBA) Stock Solution (1mg/ml)
100mgof IBA was weighed and dissolved in 100ul of 0.5N HCI.
Then the volume made upto 100ml with sterile double distilled

water, filtered and stored at 4°C.

Indole Acetic Acid (IAA) Stock Solution (1mg/ml)

100mg of IAA was weighed and dissolved in 100ul of 0.2N
NaOH. Then the volume made upto 100ml with sterile double
distilled water, filtered and stored at 4°C.

1.0 Per cent Bavistin Stock Solution
lgm of wettable powder of Bavistin was weighed and dissolved
in 100ml of double distilled water.

2.0 Per cent Sodium Hypochlorite (NaClO)
50ml of 4 per cent concentrated NaClO was diluted to 10)ml
with double distilled water.
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(i) 1.0N HCI Stock Solution
8.33ml of concentrated HCI diluted to 100ml by using double

distilled water.

G4) 10N NaOH Stock Solution
4.0 grams of NaOH was weighed and dissolve in double distilled

water and make up the volume to 10ml.

3.3.2 MS Media Preparation

While preparing culture media, the macro nutrients,
micronutrients, vitamins and sucrose were dissolved accordingly and
make-up the volume to one liter by adding double distilled water. The
pH of the media was adjusted to 5.8 by adding of 1.0N HCI or 1.0N
NaOH. Agar was added at the rate of 8 to 10g/L and melted by
heating, then dispensed the media of about 30ml to the tissue
cultured bottles and autoclaved at 121°C at a pressure of 151/PSI for

15 minutes.

3.4 Standardization of Sterilization Protocol for Explants of
Mulberry
To know the optimum concentration of HgCl, and time of
treatment for 100 per cent survivability of explants. Different
concentrations of HgCl, were tried for different durations. The treated
explants were placed on basal MS medium and observed for

contamination.

3.4.1 Preparation of Explant
e Mulberry cutting 15 to 20cm in lenglh were collected during

cool hours.

e Nodal buds were extracted from the healthy cuttings and
washed thoroughly under running water for 4 to 5 times.

e The explant material was treated with 1 to 2 drops of Tween-20

and washed thoroughly with tap water for 3 to 4 times.
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e The material was treated with 1 per cent Bavistin for 20
minutes, washed with sterile water till all the residues are
washed out and

e The explant material was treated with 0.1 per cent HgCla.

¢ Rinsed with sterile water 4 to 5 times.

o Explants were treated with 2.5 per cent sodium hypochlorite
(NaClO) for 3 minutes.

e Finally the plant material was thoroughly washed with sterile
water for 4 to 5 times. All these operations were done under
laminar airflow cabinet.

e Observations for per cent survivability were recorded.

The concentration at which the per cent survivability was 100
was standardized for sterilization of nodal explants was found to be at

0.1 per cent HgCl; for 8 minutes (Table 2).

3.4.2 Selection of material for Explant preparation ( Plate 1)
Nodal Bud Explants
Nodal buds were collected from the healthy plants, 15 to 20cm
long and pencil thick cuttings from the middle portion of the mature

plant are procured during cool hours (Plate 2).

3.4.3 Preparation of Explants

Nodal Bud Explants

Surface sterilized nodal buds were taken and the edges cut to
eliminate the immature plant part as well as the HgCl, affected tissues
at the base. Then the scales around the bud were removed and cut to
make two portions -:amely, upper and lower portions and placed in

culture media with cut ends facing the media.
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Mysore Local (Control)

Plate 1: Mulberry Genotypes



3.5 Preparation of Transfer Area for Aseptic Manipulation

All the aseptic manipulations like, surface sterilization,
preparation and inoculation of explants and their sub-culturing were
carried out in a laminar air flow cabinet. Before using the laminar air
flow bench, the working surface was sterilized with 70 per cent ethyl
alcohol. Later, the UV light was switched on for 20 minutes. Then the
airflow was switched on and left for at least 15 minutes before use.
During the course of transfer, between each transfer the surgical
instruments used were dipped in 70 per cent, ethyl alcohol followed by
dipping in glass bead sterilizer for 15 to 20 seconds and cooled before
use. After the completion of sterile transfer operation the laminar hood
was cleaned and sprayed with 70 per cent ethyl alcohol and kept

closed.

3.6 Incubation Room

The culture bottles were closed with plastic and sealed with
parafilm wrap and were maintained in the culture room at a
temperature of 25+2°C and relative humidity at 55 to 60 per cent
under built in white fluorescent light at a photon flux density of 30 to
50um-—2s-1/3000 LUX under a photoperiod of 16 hours of light and 8

hours of darkness.

3.7 Standardization of Callus Induction from Nodal Buds

This experiment was conducted to find out the optimum
concentration of growth regulators for callus induction. Ten treatment
were formulated using MS Medium as basal media with different

concentrations of 2, 4-D and BAP. The treatments are as follows: -

Ty 5 MS + 2.0mg/L of 2, 4-D + 0.5mg/L BAP
Ta : MS + 2.0mg/L of 2, 4-D + 0.75mg/L BAP
Ta : MS + 2.0mg/L of 2, 4-D + 1.00mg/L BAP
Ta : MS + 2.5mg/L of 2, 4-D + 0.5mg/L BAP
Ts ) MS + 2.5mg/L of 2, 4-D + 0.75mg/L BAP

Te MS + 2.5mg/L of 2, 4-D + 1.00mg/L BAP
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MS + 3.0mg/L of 2, 4-D + 0.5mg/L BAP
MS + 3.0mg/L of 2, 4-D + 0.75mg/L BAP
MS + 3.0mg/L of 2, 4-D + 1.00mg/L BAP
Plain MS (Control)

Observations Recorded

@ g s

o

Number of explants responding

Per cent response

Days taken for swelling

Days taken for callus induction in numbers

Callus colour - white, creamy, yellowish, brown, greenish
ete.

Callus type — Friable, compact or modular

Proliferation of (callus intensity) represented by amount of

callus was recorded by scoring as follows.

- = No. callus

¥ = Low

++ = Good

+++ = Profuse Callusing

Callus differentiation (Per cent)
Each treatment had 3 replications with five genotypes and

observations were recorded at 4 days intervals.

3.9 Standardization of Regeneration from Nodal Buds

This experiment was conducted to find out the optimum

concentration of growth regulators for producing maximum multiple

shoots. Friable callus obtained from nodal buds explants of five

mulberry 'genotypes were transferred to the MS media containing

different concentrations of BAP and IAA for morphogeresis. Ten

treatments followed are as follows.
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Ty : MS + 2.0mg/L BAP + 0.10mg/L IAA
T2 : MS + 2.0mg/L BAP + 0.15mg/L IAA
Ts MS + 2.0mg/L BAP + 0.20mg/L IAA
e MS + 2.5mg/L BAP + 0.10mg/L IAA
Ts : MS + 2.5mg/L BAP + 0.15mg/L IAA
T & MS + 2.5mg/L BAP + 0.20mg/L IAA
Ty - MS + 3.0mg/L BAP + 0.10mg/L IAA
Ts : MS + 3.0mg/L BAP + 0.15mg/L IAA
T .o MS + 3.0mg/L BAP + 0.20mg/L IAA
7 MS (Control)

Each treatment had three replications with five genotypes and

observations were recorded at 5 days intervals.

Observations Recorded
1. Mean number of shoots / explants
2. Shoot length (cm)

3.10 Standardization of Root Induction for the Explants of
Mulberry
For faster and better induction of roots NDA, IBA and IAA were
used. The well grown, elongated shoots were transferred to the rooting
media containing different concentrations of NAA, IBA and IAA and

response was observed. Treatments are as follows: -

Ti : MS + 0.5mg/L NAA
T2 : MS + 1.0mg/L NAA
Ta : MS + 1.5mg/L NAA
Ta : MS + 0.5mg/L IBA
Ts : MS + 1.0mg/L IBA
Te : MS + 1.5mg/L IBA
Ty : MS + 0.5mg/L IAA
Ts - MS + 1.0mg/L IAA
To - MS + 1.5mg/L IAA

Tio MS (Control)



29

Each treatment had three replications with five genotypes and

observations were recorded at 5 days intervals.

Observations Recorded
1. Rooting per cent

2 Mean number of roots / explants

3.11 Effect of Antitransparents in hardening process tissue
cultured mulberry plants

This experiment was conducted to find out the optimum
concentrations of antitransparents to avoid the water loss
(Transpiration rate) of the mulberry plant. Ten treatments were

formulated with different concentrations. Treatments are as follows: -

T : Spray of Glycerol 25%

T : Spray of Glycerol 50%

Ta : Spray of Glycerol 75%

Ta : Spray of low melting paraffin wax

Ts : Spray of medium melting paraffin wax
Te - Spray of high melting paraffin wax

Ty - Application of 25% grease petroleum
Ts : Application of 50% grease petroleum
To : Application of 75% grease petroleum
Ti0 Control without antitransparent

Each treatment had three replications with five genotypes and

observations were recorded at 5 days intervals.

Observation Recorded

Number of leaves / plant.
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3.12 The Performance of potting mixture in hardening
techniques of mulberry
This experiment is done to find out the best potting mixture for
the tissue cultured mulberry plantlets in presence of different

concentrations of growth hormones and regulators. Treatments are as

follows:

T : Peat: Perlite: Vermiculate (1:1:1) + 1ml MS + 0.5ppm of
NAA + 0.5ppm of IBA + 0.5ppm [AA

T2 : Peat: Perlite: Vermiculate (1:1:1) + 1ml MS + 1ppm of NAA
+ 1ppm of IBA + 1ppm IAA

Ta : Peat: Perlite: Vermiculate (1:1:1) + 1ml MS + 2ppm of NAA
+ 2ppm of IBA + 2ppm [IAA

Ta 3 Sand: Soil: Perlite + 1ml MS + 0.5ppm of NAA + 0.5ppm of
IBA + 0.5ppm [IAA

Ts : Sand: Soil: Perlite + 1ml MS + 1ppm of NAA + 1ppm of
IBA + 1ppm IAA

Te 2 Sand: Soil: Perlite + 1ml MS + 2ppm of NAA + 2ppm of
IBA+ 2ppm IAA

Tz : Sand: Soil: FYM / Compost

Ts g Sand: Soil (Control)

Each treatment had 3 replications with five genotypes and

observations were recorded at 5 days intervals.

Observations Recorded
1. Inter nodal length (cm)
2. Shoot length (cm)
3. Root length (cm)

3.13 Effect of shading percentage in hardening process of
mulberry plants
This experiment was done to find out the optimum percentage of
shading levels necessary for survival of the tissue cultured mulberry

plants. Treatments are as follows:
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T : 100% shading

T2 : 75% shading

Ta : 50% shading

Ta : 25% shading

Ts : Control (Direct sunlight)

Each treatment had 3 replications with five genotypes and

observations recorded at 5 days intervals.

Observation Recorded

Plant height (cm)

3.14 Field Treatment for in vitro mulberry Plants

This experiment was done to find out the optimum days
required for the well development and good survival per cent for the
tissue cultured plant under field conditions.

Survival percentage for 20 days

Survival percentage at 30 days

Survival percentage at 45 days

Observations Recorded
1 Survival Percentage

2. General Appearance of Plant

3.15 Standardization of hardening protocol of in vitro grown

plants

To establish in vitro plants in vivo, plants with well developed
shoots and roots were taken out from the bottles. Then thoroughly
washed with sterile water to remove traces of agar, and then dipped in
an antifungal solution like Dithane M-45 (0.25 per cent). Then
plantlets were treated with antitransparents like glycerol to avoid
transpiration rate. The plantlets were then transferred to clean plastic
cups containing pasteurized garden soil (Peat: Perlite : Vermiculate)

1:1:1 1ml strength of MS liquid media was added in each cup. The
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cups were then covered with thin, transparent polythene covers and
kept in the culture room for a week. The temperature and humidity of

the culture room were maintained at 25+2°C and 80 per cent RH.

After a week the plants were transferred to field. Shade was
provided initially for 2 weeks using coconut leaves. Watering was done
every day initially for 1 week and then the plants were watered once in

two days. Survival percentage was recorded for all five genotypes.

3.16 Statistical Analysis
The data collected in this study were statistically analysed by
subjecting to ANOVA as described by Sunder Raj et al. (1972) with

factorial Completed Randomized Design (CRD).
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IV. EXPERIMENTAL RESULTS

Experiment was conducted to “Standardize the Hardening
Protocol of Tissue Cultured Mulberry Plants (Morus spp.)’. The

results of this experiment are presented under the following headings.

4.1 Standardization of Sterilization Protocol for Explants of

Mulberry

Survival per cent of explants were found to be significantly
different with the duration of treatments. The survival rate of explants
ranged between 22.01 to 79.36 per cent with different durations and
at different concentrations. Among the different durations, the
survival per cent of explants was significantly more at 8 minutes
(79.36%) followed by 6 minutes (51.38%) at a concentration of 0.1 per
cent of HgClz. The treatments, duration and interactions were all

significant (Table 2 and Fig. 1).

4.2 Effect of Growth Hormones on Callus Initiation

The per cent response of callus initiation in the nodal explants
of mulberry was found to be significantly different among the
treatments and genotypes. Among the genotypes the per cent response
varied form 27.04 (Mysore local) to 60.76 S3s per cent. Among the
irrigated mulberry genotypes S3s showed significantly highest
response for callus initiation (60.76%) than V; (60.06%). Among
rainfed mulberry genotypes, maximum response was recorded in Si3
(45.86%) than RFSi3s5 (31.12%) compared to the check Mysore local
(27.04%) (Table 3 and Fig. 2).

Significantly maximum response of callus initiation was
observed in the nodal explants of mulberry when cultured on MS-
medium supplemented with 2.0mg/L 2, 4-D along with 1.00, 0.75 and
0.50mg/L BAP (51.06, 50.65 and 45.73% respectively coinp~red to
control (46.10%).
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Table 2: Effect of HgCl, concentration and duration of treatment on the
survival of explants
HgCl, Survival (%) of Explants
Concentration
% 4 6 8 10 Me
Min. Min. Min. Min. s
0.05 54.05 41.50 3435 21.36 37.81
; (47.32) | (40.10) | (35.88) | (27.52) (37.70)
01 53.42 61.05 96.56 46.00 64.26
‘ (46.96) | (51.38) [ (79.36*) | (42.70) | (55.10)
03 45.77 34.25 21.41 33.46 33.72
) (42.57) | (35.82) | (27.56) | (35.34) (35.32)
0.5 32.46 23.13 14.05 1421 20.96
' (34.75) | (28.74) | (22.01) | (22.14) (26.91)
Mean 46.42 39.92 41.60 31.43 39.19
4 (42.89) | (39.01) | (4120) | (31.93) | (38.76)
Test of Significant F-test SEm+ CD at 5%
0.19 0.55
; « .
Treatment Duration (A) (0.13) (0.38)
0.19 0.55
| i * '
HgCl, Concentration (B) (0.13) (038)
0.38 1.10
A *
= (0.26) (0.76)

*Significant at 5%

Note: Figures in the parenthesis indicate Arc sign transformation




Survival Per cent of Explants

4 Min. 6 Min. 8 Min. 10 Min.

HgCl, Concentration %

I

Fig.-1: HgCl, concentration and duration of treatment on the survival of explants
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Table 3: Effect of Growth Harmones on Per cent Callus Initiation Response
of Mulberry Genotype
Treatments M
MS + 2, 4-D + BAP S36 | V-1 |S13|RFS-135 | 70| Mean
Local
(mg/L)
71.06 | 63.41 |51.89| 5213 19.40 | 51.58
- MS+2.0+
L. 00,30 (57.46) | (52.79) |(46.08)| (46.22) | (26.13) |(45.73)
84.30 | 88.70 |(44.30)| (40.84) | (30.28) [(50.65)
- MS+2.0+
TRFHDH 0N (66.67)| (71.16) | 48.80 | 42.78 | 25.47 | 58.01
(74.63) | (58.46) |(58.30)| (34.79) | (29.15) |(51.06)
- MS+2.0+
T - M5+2.0+1.00 92.90" |- 1263|1245 32.57 23.78 | 58.81
(67.61)| (59.44) |(51.42)] (37.05) | (32.36) |(49.57)
- MS+2 5+
H1SDIRTE 000 8531 | 74.11 | 61.10 36.32 2866 | 57.10
(65.18) | (56.51) [(46.93) (38.49) | (28.12) |(47.05)
- MS+2 .5+
15 - M2 5000 8235 | 69.53 |53.36| 38.75 2223 |53.24
(67.94) | (66.86) |(46.32)| (39.06) | (24.34) |(48.90)
- MS+2.5+
L2 MBI FLI0 85.85 | 84.49 | 52.30 39.72 17.05 | 55.89
(57.66)| (63.66) |(46.99) (28.60) | (21.48) [(43.68)
- MS+3.0+
AT 7138 | 8021 |53.46| 2295 13.53 | 4831
(35.35)| (55.05) |(41.12)| (30.51) | (24.06) |(37.22)
- MS+3.0+
Tg: MSH3.040.75 3350 1 67.17 | 43.26 2583 16.73 | 37.30
(60.76) | (53.52) |(35.78)| (35.33) | (2321) |(41.72)
+3.0+
To: M5+3.0+1.00 76.13 | 64.63 | 34.22 33.46 1563 | 44.81
. . (54.33)| (63.19) |(41.39)] (40.32) | (31.29) |(46.10)
Tio - Control (Plain MS) | "o o)™t "9 17" [43.73 | 4189 | 2702 |51.54
. (60.76) | (60.06) |(45.86)] (31.12) | (27.04) [(46.17)
e 7487 | 74.40 | 51.43| 3664 | 2095 |51.66
Test of Significant F-Test SEm+ CD at 5%
(0.46) (1.29)
Mulb Genot A "
ulberry Genotypes (A) 0.67 1 89
(0.65) (1.83)
T *
reatments (B) 0.95 2 63
Ll - (1.47) (4.10)
2.14 6.00

Significant at 5%

Note: Figures in the parenthesis indicate Arc sign transformation.
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Fig.-2: Growth Harmones on Per cent Callus Initiation Response of M_u;l_berry Genotype
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Among the interactions, nodal explants obtained from the
irrigated mulberry genotypes Sse recorded significantly higher
response (60.76%) compared to Vi (60.06%) when cultured on MS-
Medium supplemented with 2.0mg/L 2, 4-D + 1.00mg/L BAP and
2.0mg/L 2, 4-D + 0.75ing/L BAP respectively. Whereas in case of
rainfed genotypes Si3 showed significantly higher response (45.86%)
compared to RFS;3s (31.12). When MS was fortified with 2.0mg/L 2, 4-
D + 1.00mg/L BAP and 2.5mg/L 2, 4-D + 0.50mg/L BAP respectively
compared to Mysore local (27.04%) on plain MS with and growth

regulators.

Explants obtained from the nodal buds of mulberry genotypes
have taken 4.00 to 7.00 days (Table 4) for swelling among different
varieties and for different treatments. Among the varieties, Vi has
taken less number of days (4.93 days) for swelling of the explants
compared to RFSi3s (5.93 days), whereas in case of irrigated variety,
S responded significantly faster (5.10 days than the rainfed variety

S13 (5.83 days) compared to Mysore local (5.86 days) (Fig. 3).

Faster response was recorded in the genotypes (4.86 days) when
cultured on MS medium supplemented with 2.0mg/L 2, 4-D and
0.75mg/L BAP compared to the control (6.40 days) (Plate 3).

The number of days taken for callus initiation in the nodal
explants of mulberry was found to significantly varying from 10.33 to
14.33 days (Table 5). Among the varieties, callus was initiated
significantly faster in V; (10.92 days) than RFSiss (13.26 days), while
irrigated genotypes V, responded faster (10.92 days) than Sas (10.93
days) compared to Mysore local (13.46 days) (Fig. 4 and Plate 4). :

Among the different treatments, MS supplemented with
2.5mg/L 2, 4-D and 0.50mg/L BAP showed non significant faster
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Table 4: Effect of Growth Hormones on Number of Days taken fer Swelling
in Mulberry Genotypes

Treatments - M
MS + 2, 4-D + BAP §-36 | V-1 | S-13 | RFS-135 | . 7°™ | Mean
Local
(mg/ml)
533 | 4.66 | 4.66 5.00 566 | 5.06
- MS+2.0+0.50
LR (2.41) | (226) | (2.26)| (2.33) | (2.48) | (2.35)
500 | 4.66 | 5.33 5.00 433 | 4.86
- MS+2.0+0.75
LR (233)| (2.66) | (2.41)| (2.33) | (2.19) |(2.31)
466 | 433 | 533 6.00 566 | 5.20
Ts : MS+2.0+1.00
35 HER (2.26)| (2.19) | (2.41)| (2.54) | (2.46) | (2.37)
566 | 433 | 6.66 5.33 7.00 | 580
Ts : MS+2.540.
ek = (2.46) | (2.19) | (2.67)| (2.41) | (2.73) |(2.49)
433 | 466 | 5.00 6.66 633 | 5.40
Ts : MS+2.5+0.75
5 M3 ! 2.19) | (227) | (233)| (2.67) | (2.61) |(2.41)
4.00 | 433 | 6.33 6.66 500 | 526
Te : MS+2.5+1.00
s5S 2.12) | (2.19) | (2.61)| (2.67) | (2.33) |(2.38)
4.66 | 4.66 | 6.66 6.33 6.00 | 5.66
- MS+3.0+0.50
Tes s @27 | @27 @67 260) | (2.53) |(2.47)
533 | 533 | 56 6.66 633 | 5.86
: +3.0+0.75
To - MI3¥3,040 (2.40) | (2.40) | (2.47) | (2.67) | (2.60) |(2.51)
533 | 6.66 | 6.00 5.66 533 | 5.80
To: MS+3.0+1.00
9: M3 (2.40) | (2.67) | (2.54)| (2.48) | (2.40) |(2.50)
P 6.66 | 5.66 | 6.66 6.00 7.00 | 6.40
o (2.67)| (2.48) | (2.67)| (2.54) | (2.73) | (2.62)
- 510 | 493 | 583 5.93 586 | 5.53
(2.35)[(2.32) | (2.50) | (2.50) | (2.51) |(2.44)
Test of Significant F-Test SEm+ CD at 5%
0.16 0.47
Mul t *
ulberry Genotypes (A) (0.03) (0.09)
0.23 0.66
%
Treatments (B) (0.04) (0.06)
0.53 1,49
AxB NS '
& (0.10) (0.3v)

* - Significant at 5%
NS — Nonsignificant
Note: Figures in the parenthesis indicate square root transformation.
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Table 5: Effect of Growth Hormones on Number of Days taken for Callus
Initiation in Mulberry Genotypes

Treatments M
MS + 2, 4-D + BAP S-36 | V-1 | S-13 | RFS-135 Mean
A Local
T, : MS+2.0+0.50 12.33111.00 { 12.33 13.33 13.66 | 12.53
T, : MS+2.0+0.75 11.00 | 11.00 | 12.66 13.66 1433 | 12.53
Ts : MS+2.0+1.00 10.33 | 10.66 | 12.00 13.00 1433 | 12.06
T4 : MS+2.5+0.50 16.00 | 10.66 | 12.66 12.00 1266 | 11.80
Ts : MS+2.5+0.75 10.33 | 10.66 | 12.66 14.00 14.00 | 12.33
Te : MS+2.5+1.00 11.00 | 11.00 | 12.33 13.00 1266 | 12.00
T7 : MS§+3.0+0.50 11.00 [ 11.33 | 12.00 12.66 13.00 | 12.00
Tg : MS+3.0+0.75 10.66 | 10.66 | 11.33 14.00 14.00 | 12.13
Ty : MS+3.0+1.00 10.66 | 10.66 | 12.33 14.00 13.00 | 12.13
T1o : Control 11.00 | 11.66 | 12.00 13.00 13.00 | 12.13
Mean 1093 | 10.92 | 12.23 13.26 1346 | 12.16
Test of Significant F-Test SEm+ CD at 5%
Mulberry Genotypes (A) ¢ 0.178 0.50
Treatments (B) NS 0.25 0.70
AxB N 0.56 1.58

* - Significant at 5%
NS — Nonsignificant
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response (11.80 days) compared to control (12.13 days) without

growth regulators.

Among the interactions, nonsignificant faster response (11.08
days) was recorded in V; when MS was supplemented with 2.5mg/L 2,
4-D and 1.00mg/L BAP compared RFSiss (12.53 days) on plain MS

without growth regulators (Table 5).

Yellow friable callus was obtained on media containing higher
concentration of 2, 4-D and lower concentration of BAP and highest
per cent (85%) (Table 6) of callus formation was found on medium

containing 2, 4-D (2mg/L) alone.

4.3 Effect of Growth Hormones on Morphogenesis (Differentiation,

Shoot, Shoot Length)

Per cent callus differentiation significantly varied from 18.95 to
75.12 per cent (Table 7). Among the irrigated genotypes Sss recorded
significantly maximum callus differentiation (60.91) compared to Vi
(51.50%) (Fig. 6 and Plate 5).

Among the rainfed genotype, RFSiss recorded higher callus
differentiation (33.72%) compared to Siz (31.12%). The maximum
differentiation was recorded when callus was cultured on MS medium
supplemented with 2.5mg/L 2, 4-D + 1.00mg/L BAP (53.26%)

compared to the control (26.63%) i.e., with out regulator.

Among the interactions, significantly  higher callus
differentiation was recorded in Sas when fortified with 2.5mg/L 2, 4-D
+ 1.00mg/L of BAP (75.12%) followed by Vi on MS with 2.5mg/L 2, 4-
D + 0.75mg/L BAP (75.11%) compared to Mysore local on plain MS

without growth regular 18.95 per cent.



Table 6: Effect of Growth Regulators on Colour, Texture and Intensity of Callus
Treatments S-36 V-1 S-13 RFS-135 Mysore Local
dud ?r,ndg-llli; -l Clr | Tex |Int [ Clr | Tex | Int | Clr | Tex | Int | Clr | Tex | Int | Cir Tex. Int
T, : MS+2.0+0.50 Br F | ++ | Br F | ++ | Br F |+ B B A1 Br F +
T, : MS+2.0+0.75 Br F Br F |+++| Br F ++ 18 F i Br F : &
T; : MS+2.0+1.00 Br F |++| Br F |+++]| Br F ++ | Br F ++ Br F %
T4 : MS+2.5+0.50 Br B ] BE F |+++| Br F e I F g Br F ++
Ts : MS+2.5+0.75 Br . .| ++.| Br F | ++ | Br P |+ |aBe B | Br F ++
Te : MS+2.5+1.00 Br F |+++]| Br F | ++ | Br F | ++ | Br i s Gl B F +
T7 : MS+3.0+0.50 Br F ++ | Br F + | Br F ¥+ 11 gt F % Br F +
Tg : MS+3.0+0.75 Br | F |++|Br| F |[+++|Br | F |+ |Br | F | + | Br F .
To: MS+3.0+1.00 Br Fs et Br F + | Br F |++| Br F + Br F +
T : Control Br F + | Br F + | Br F + " Br F + Br F +

Clr
Tex
Int
Br

Callus Colour
Callus Texture
Callus Intensity
Brown

Fraible

Low = No Callus

Good

Profuse callusing

oy
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Table 7: Effect of Growth Hormones on Callus Differentiation (%) in
Mulberry Genotypes
Treatments M
MS + 2, 4-D + BAP S-36 | V-1 | S-13 | RFS-135 | . 7°0'¢ | Mean
Local
(mg/L)

51.51 | 75.53 | 12.54 | 4244 | 2266 | 47.73
(67.63)|(60.47)|(20.70)| (40.65) | (28.41) |(43.57)

85.68 | 76.20 [ 2329 | 3731 | 2931 |5036
(67.77)(60.80)((28.84)| (37.63) | (32.78) |(45.57)

73.79 | 7268 | 17.48 | 33.41 | 2481 |44.43
(59.21)|(58.51)[(24.69)| (35.30) | (29.86) |(41.51)

76.80 [ 86.98 | 2190 | 33.94 | 2322 |4857
(61.23)[(68.88)[(27.88)| (35.63) | (28.77) |(44.48)

7453 | 93352470 | 33.45 | 19.06 | 49.02
(59.72) [(75.11)[(29.78)| (35.33) | (25.88) |(45.16)

9336 | 73.45| 7598 | 46.55 | 22.77 |62.42
(75.12)|(59.01)/(60.65)| (43.02) | (28.40) |(53.26)

83.52 [70.70 | 36.67 | 36.13 | 2632 |50.67
(66.06) [(57.23)[(37.25)| (36.94) | (30.86) [(45.67)

86.22 | 64.50 | 3542 | 28.78 | 2432 | 4785
(68.27)[(53.43)((36.63)| (32.44) | (29.54) [(44.04)

5543 | 52.18 [ 2227 | 16.80 | 2341 |34.02
(48.11)|(46.24)[(28.15)| (24.16) | (28.93) |(35.12)

34.52 | 3343 (2030 7.71 11.00 |21.39
(35.98)((35.32)[(26.77)| (16.11) | (18.95) |(26.63)

74.93 | 69.90 | 29.05 31.65 22.69 | 45.64

T, : MS+2.0+0.50

T, : MS+2.0+0.75

T3 : MS+2.0+1.00

T4 : MS+2.5+0.50

Ts : MS+2.5+0.75

Te : MS+2.5+1.00

T7 : MS+3.0+0.50

Ts : MS+3.0+0.75

To: MS+3.0+1.00

To : Control

Mean (60.91) [(51.50)(32.12)| (33.72) | (28.25) |(42.50)
Test of Significant F-Test SEmt CD at 5%
Mulberry Genotypes (A) i (gzz) ((1);(1))
Treatments (B) ¥ (gig) (ii;)
AxB ' ((1);(53) (;531')

* _ Significant at 5%

Note: Figures in the parenthesis indicate Arc sign transformation.
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Mean number of shoots per explant recorded significant
difference ranging from 3.58 to 36.60 (Table 8). Among the irrigated
varieties Vi recorded more number of shoots (26.72) than S3s, whereas
in the rainfed genotypes, Si3 recorded signiﬁcantly more (14.40)
number of shoots compared to the RFSi3s (13.00) as compared to
Mysore local (6.29) (Plate 8).

Among the different treatments, more number of shoots
regenerated from callus cultured on MS having 2.5mg/L BAP and
0.20mg/L IAA (23.40%) followed by 2.5mg/L BAP and 0.10mg/L IAA
" (20.50%) compared to the control (4.28%) without growth regulator.

Among the interactions, more number of shoots regenerated in
Vi (26.72%) when the callus was transferred to MS medium having
2.5mg/L BAP and 0.20mg/L of IAA followed Szs (22.97%) where callus
was transferred to MS with 2.5mg/L BAP and 0.15mg/L of IAA
compared to the Mysore local (6.29%) in control (Fig. 7).

Length of shoots obtained from the callus cultures significantly
varied among the treatments and genotypes ranging from 1.20 to
3.80cm (Table 9).

Among the irrigated varieties, Vi recorded more length of
2.45cm than Szs (2.37cm) whereas among the rainfed genotypes, Si3
showed maximum length (2.41lcm) than RFSi3s (2.26cm) when

compared to Mysore local (1.93cm).

The maximum shoot length of 2.97cm was recorded with MS
media when fortified with 2.5mg/L BAP and 0.20mg/L IAA followed by
MS when fortified with 2.5mg/L BAP and 0.10mg/L IAA, and followed
by MS when supplemented by MS when fortified with 2.5mg/L BAP
and 0.15mg/L IAA (2.89cm) compared to control (1.27cm).



Mysore Local (Control)h

Plate 8: Genotype differentiation
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Table 8: Effect of Growth Hormones on Mean Number of Shoots Per
Explant in Mulberry Genotypes

Treatments Mysare
MS + 2,4-D + BAP S-36 | V-1 | S-13 | RFS-135 Mean
(mg/L) o

T, : MS+2.0+0.10 10.51 | 15.84 | 6.88 11.33 4.93 9.90

T, : MS+2.0+0.15 2094 | 3940 | 7.77 13.03 7.56 17.74

T3 : MS+2.0+0.20 28.20 | 33.63 | 16.05 16.66 540 | 19.99

T4 : MS+2.5+0.10 36.51 | 33.50 | 15.17 1533 833 |21.77

Ts : MS+2.5+0.15 36.60 | 33.90 | 15.99 9.00 5.88 |20.27

Te : MS+2.5+0.20 35.11 | 34.22 | 25.26 13.55 8.89 | 23.40

T : MS+3.0+0.10 2428 | 32.22 | 24.80 14.77 6.44 | 20.50

Tg : MS+3.0+0.15 18.04 | 21.82 | 13.08 16.92 6.27 | 15.23

To: MS+3.0+0.20 1436 | 1822 | 14.71 15.88 534 | 13.70

Tyo : MS (Control) 512 | 447 | 434 3.58 3.89 428

Mean 2297 | 26.72 | 14.40 13.00 6.26 | 16.68

Test of Significant F-Test SEm+ CD at 5%

Mulberry Genotypes (A) * 0.32 0.92
Treatments (B) ¥ 0.46 1.30
AxB * 1.03 291

* - Significant at 5%
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Table 9: Effect of Growth Hormones on Shoot Length (cm) Induced from
the Callus of Mulberry Genotypes

Treatments Miars
MS + 2, 4-D + BAP S-36 | V-1 S-13 | RFS-135 Mean
(mg/L) s
T, : MS+2.0+0.10 2.09 1.62 1.29 1.65 1.46 1.62
T, : MS+2.0+0.15 1.86 | 1.88 | 2.15 235 2.13 2.08
T3 : MS+2.0+0.20 220 1 2.16 | 226 238 238 | 229
T4 : MS+2.5+0.10 343 | 3.14 | 280 337 2.14 2.97
Ts : MS+2.5+0.15 380 | 257 | 3.2 2.56 2.36 2.29
Te : MS+2.5+0.20 3.31 | 3.19 | 3.06 3.24 2.10 2.98
T : MS+3.0+0.10 1.70 | 3.13 | 3.06 1.52 2.24 2.33
Ts : MS+3.0+0.15 222 | 285 | 260 2.63 1.65 | 2.39
To: MS+3.0+0.20 1.87 | 2.66 | 2.50 1.62 1.60 | 2.05
Tyo : MS (Control) 1.23 | 1.30 | 1.20 1.30 1.3 | 12%
Mean 238 | 245 | 241 2.26 1.94 2.28
Test of Significant F-Test SEm+ CD at 5%

Mulberry Genotypes (A) ¥ 0.0209 0.0586
Treatments (B) " 0.0295 0.0828
AxB * 0.0660 0.1852

* - Significant at 5%
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Among the interactions, maximum shoot length 3.80cm was
recorded in Sz with the treatment of 2.5mg/L BAP and 0.15mg/L IAA
followed by Vi (3.18) with the treatment of 2.5mg/L BAP and
0.20mg/L IAA (Fig. 8).

4.4 Effect of Growth Hormones on Root Formation

Shoots obtained from the callus rooted when cultured with
rooting hormones and the per cent response varied significantly
higher among the genotypes and treatments (Table 10 and Plate 7).
The response ranged from 17.57 to 55.40 per cent. Among the
irrigated genotypes, Sss recorded high rooting per cent (37.29%) than
Vi (37.19%), whereas among the rainfed genotypes, Sis recorded
higher rooting per cent (39.26%) than the RFSiss (32.61) compared to
Mysore local (33.16%) (Fig. 9).

Shoots rooted well in treatments, when MS supplemented with
1.0mg/L NAA, 1.5mg/L NAA, 1.5mg/L IBA and 1.0mg/L IAA i.e., NAA
followed by IBA and IAA. Among the different concentrations,
significantly higher rooting percentage (48.07, 40.82%) were recorded
when shoots were transferred to MS having 1.0mg/L and 1.5mg/L
NAA, respectively (Plate 6).

The interaction effects were found significant. Number of roots
induced from the shoots of different mulberry genotypes with different
treatments significantly varied form 1.64 to 8.03 (Table 11 and Fig.
10).

Among the rainfed genotypes, more number of roots were
induced in RFS;35 (4.57 than Sis) (4.55), where as among the irrigated
genotypes Vi (5.22) recorded more number of roots than Sss (5.05) as

compared to ccatrol Mysore local (4.28).

More number of roots were obtained when shoots were
transferred to MS having NAA followed by IBA and IAA. Maximum
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Table 10: Effect of Growth Hormones on Per cent Rooting Induced from the
Callus of Mulberry Genotypes

Treatments M
MS + 2, 4-D + BAP S-36 | V-1 | S-13 | RFS-135 | ¢ | Mean
Local
(mg/L)

4323 | 47.17 | 51.75 33.81 2567 |40.32

Ti : MS+0.5mg/L NAA (41.10)[ (43.37)|(46.00)| (35.55) | (30.44) |(39.29)

67.75 | 62.90 | 64.66 | 4378 | 37.11 |55.24
(55.40)( (52.47) |(53.52)| (41.42) | (37.53) |(48.07)

5094 | 40.18 | 4947 | 3571 | 3762 |42.78
(45.54)| (39.33) [(44.69)| (36.60) | (37.83) |(40.82)

T, - MS+1.0mg/L NAA

T; : MS+1.5mg/L NAA

2474 | 26.15 [32.55| 2474 | 336 |[2836
(29.82)|(30.75)|(34.78)| (29.83) | (3548) |(32.12)

3737 | 4054 | 37.42| 3126 | 3718 |36.75
(37.68)|(39.54)|(37.71)| (33.98) | (37.57) |(37.30)

36.17 | 40.73 [43.60 | 3383 | 33.69 |37.60
(36.96)[(39.65)|(41.32)| (35.56) | (3547) |(37.79)

T4 : MS+0.5mg/L IBA

Ts : MS+1.0mg/L IBA

Ts : MS+1.5mg/L IBA

2227 | 21.83 [ 3381 2264 | 2750 |26.61
(28.16)|(31.19)|(35.55)| (28.40) | (31.62) [(30.98)

4249 | 40.00 3755 | 2643 | 3500 |3631
(40.67)|(39.28)[(37.79)| (30.93) | (3627) |(36.99)

3707 | 25.52 [33.74| 2584 | 2784 |3631
(37.51)[(30.34) |(35.51)| (30.55) | (31.84) |(33.15)

11.74 | 19.13 | 18.86 15.53 911 | 14.87

T7 : MS+0.5mg/L TAA

Tg : MS+1.0mg/L IAA

Ty : MS+1.5mg/L IAA

P | e (20.03)[ (25.94)[(25.73)| (23.21) | (17.57) |(22.50)
b 3738 | 3692 | 4034 | 2936 | 3043 |34.89
e (37.29)(37.19)|(39.26)| (32.61) | (33.16) |(35.90)
Test of Significant F-Test SEm+ CD at 5%
0.18 0.51
X .
Mulberry Genotypes (A) ©.11) (0.31)
0.25 0.72
*
Treatments (B) (0.15) (0.44)
0.57 1.62
*
Ak (0.35) (0.98)

* - Significant at 5%

Note: Figures in the parenthesis indicate Arc sign transformation
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Table 11: Effect of Growth Hormones on Mean Number of Roots Explants in
Mulberry Genotypes
Treatments My
MS + 2,4-D + BAP S-36 | V-1 | S-13 | RFS-135 Mean
(mg/L) LN
T; : MS+0.5mg/L NAA 703 | 7.25 | 7.05 4.26 3.05 5.73
T, : MS+1.0mg/L NAA 6.05 | 503 | 5.06 5.99 356 | 5.14
T3 : MS+1.5mg/L NAA 798 | 6.09 | 4.26 5.18 8103 6.31 |

T4 : MS+0.5mg/L IBA 6.05 | 5.06 -4.50 4.23 4.03 4.77

Ts: MS+1.0mg/L IBA 6.07 | 6.55 | 433 430 4.06 5.06

Te¢ : MS+1.5mg/L IBA 493 | 506 | 5.03 5.04 420 | 485

T7 : MS+0.5mg/L TAA 406 | 463 | 3.21 5.10 5.03 4.40

Tg : MS+1.0mg/L TAA 3.03 | 5.03 | 433 436 5.03 435

To: MS+1.5mg/L IAA 321 | 496 | 543 492 420 | 454

Tio : Control 213 | 253 | 231 | 231 164 | 2.19

Mean 505 | 522 | 455 4.57 428 | 473

Test of Significant F-Test SEm+ CD at 5%

Mulberry Genotypes (A) ¥ 0.025 0.07
Treatments (B) * 0.03 0.09
AxB * 0.07 0.22

* - Significant at 5%
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number of roots were recorded of MS having 1.5mg/L NAA, 0.5,
1.0mg/L NAA (6.31, 5.73, 5.14) followed by MS with 1.5mg/L IBA,
0.5mg/L IBA, 1.5mg/L IAA (4.85, 4.77, 4.54) as compared to control
(2.19).

Among interactions, maximum number of roots (7.98) were
recorded on Sz kept in MS having 1.5mg/L NAA followed by Sz (7.05)

also under the same treatment.

4.5 Effect of Anti transparent on Number of Leaves

Number of leaves recorded from the shoots of different mulberry
genotypes with different treatments significantly varied from 1.66 to
6.33 (Table 12 and Fig. 11).

Among the rainfed genotypes more number of leaves recorded in
Si13 (3.66) than RFSi35 (2.86), whereas among the irrigated genotypes
more number of leaves recorded in Szs (4.83) than (4.60) as compared

to control Mysore local (2.13).

More number of roots were obtained when shoots were treated
with 50 per cent of spray of glycerol (4.40) followed by 75 per cent of
spray of glycerol (4.13), followed by spray of low melting paraffin wax
(4.00), followed by application of 50 per cent grease petroleum (3.93)

as compared to control (2.93) without anti transparents.

4.5 Effect of Potting Mixture on Internodal Length (cm)

Intermodal length was recorded from the explants were
significantly varied among the treatments and genotypes which ranged
form 1.30 to 3.73cm (Table 13 Fig. 12).

Among the irrigated varieties, Sss recorded the length of 2.75cm
than V; (2.55cm), whereas among the rainfed varieties Si;3 showed
maximum length (2.39) than RFS135 (2.31cm) as compared to Mysore

local (1.99cm).
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Table 12: Effect of Antitransparent on Number of Leaves in Hardening
Process of Tissue Cultured Mulberry Plants

Treatment 536 | v-1 | s-13 | RFS-135 | M5 | Mean
Local
366 | 333 | 3.00 | 3.00 166 | 2.93
3 0
T1: Spray of Glycerol 25% | 43y (1.05) | (1.85)| (1.85) | (1.46) |(1.83)
633 | 533 | 433 | 3.66 233 | 440
: 150°
T2 : Spray of Glycerol 50% | ) c131 241) | 2.19)| (2.03) | (1.67) |(2.18)
533 | 500 | 433 | 3.66 233 | 413
T, - Spray of Glycerol 75% ' : ' '
3: Spray ot Glycerol 5% 15 41y | (2.33) | (219)| (2.03) | (1.67) [(2.13)
T, : Spray of Low Melting 5.66 | 533 | 4.00 2.66 233 | 400
Paraffin Wax 2.48)| 2.40) [@11)| (1.76) | (1.67) [(2.08)
Ts: Medium Melting Paraffin | 5.00 | 533 | 4.33 2.66 1.66 | 3.80
Wax 234)| @41) | @19)| (.76) | (1.46) |(2.03)
Te - High Melting Paraffin 433 | 366 | 366 | 266 5351 | 333
Wax 2.19)| @on) [@03)| (1.76) | (1.67) [(1.93)
T,: Application of 25% Grease| 4.33 | 4.66 | 3.00 2.66 233 3.40
Petroleum 2.19)| (201) | .03)| (1.76) | (1.67) |(1.99)
‘ 6.00 | 5.00 | 3.66 2.33 266 | 3.93
Tg: 50%
2: 50% Grease Petroleum |, o4y | (5 34) | 2.03)| (167) | (1L.77) |(2.07)
466 | 433 | 300 | 266 200 | 333
To: 75% p
91 75% Grease Petroleum |, ooy 1 5 19) | (1.85)| (1.77) | (1.58) |(1.93)
T1o- Control Without Anti- | 3.00 | 4.00 | 333 | 266 1.66 | 2.93
transparents (1.85)] (2.11) | (1.94) | (1.77) (1.46) |(1.82)
_ 483 | 460 | 3.66 | 286 213 | 362
229 | 224) | 2.02)| (1.82) | (1.61) |(2.00)
Test of Significant F-Test 8cm 1 CD
(0.13) (0.38)
Mul .
ulberry Genotypes (A) 0.03 0.10
(0.19) (0.54)
Treat ts (B ¥
Pt (1) 0.05 0.14
(0.43) (122)
B
— s 0.11 031

* _ Significant at 5%
NS — Nonsignificant
Note: Figures in the parenthesis indicate square root transformation.
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Table 13: Effect of Potting Mixture on Internodal Length (cm) of Mulberry
Plant

Mysore

Treatment S-36 V-1 S-13 | RFS-135
Local

Mean

T;: Peat: Perlite: Vermiculate
(1:1:1) + 1ml MS + 0.5ppm of
NAA + 0.5ppm of IBA +
0.5ppm TAA

331 | 3.05 292 2.59 2.10 2.79

T,: Peat: Perlite: Vermiculate
(1:1:1) + Iml MS + 1ppm of
NAA + lppm of IBA + 1ppm
TIAA

3.73 | 3.54 | 251 2.63 233 2,95

T3: Peat: Perlite: Vermiculate

(1:1:1) + Iml MS + 2ppm of

NAA + 2ppm of IBA + 2ppm
IAA

230 | 225 {1 2.16 2.10 1.81 212

T4: Sand: Soil: Perlite + 1ml
MS +0.5ppm of NAA+ | 331 | 231 | 212 | 2.16 199 | 238
0.5ppm of IBA + 0.5ppm IAA

Ts: Sand: Soil: Perlite + 1ml
MS + 1ppm of NAA + Ippm | 332 | 3.16 | 3.00 | 2.93 221 | 292
of IBA + Ippm IAA

Te: Sand: Soil: Perlite + 1ml
MS + 2ppm of NAA + 2ppm | 2.16 | 2.25 2.83 2.64 233 2.44

of IBA+ 2ppm IAA
TrBand: SOLAMY 1 ogs | 199 [100 | 183 185 | 195
Compost
Tg: Sand: Soil (Control) 1.88 | 1.85 | 1.61 1.53 1.30 1.63
Mean 278 | 2,85 | 259 2.31 1.99 | 2.40
Test of Significant F-Test SEm+ CD at 5%
Mulberry Genotypes (A) " 0.02 0.05
Treatments (B) * 0.02 0.07
A x; * 0.05 0.16

* - Significant at 5%
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The maximum internodal length of 2.95cm was recorded with
potting mixture peat : perlite : vermiculate (1:1:1) + 2 MS + 1ppm of
NAA + 1ppm IBA + 1ppm IAA, followed by 2.92cm with sand : soil :
perlite + %» MS + 1 ppm of NAA + lppm IBA + lppm of IAA as

compared to control (1.63cm) i.e., Sand and Soil.

Among the interactions maximum internodal length was
recorded in 12 treatments (3.73cm) of Sas followed by Vi (3.54cm) also

under the same treatment.

4.5.2 Effect of Potting Mixture on Shoot Length (cm)

Shoot length obtained from the explants were significantly
varied among the treatments and genotypes which ranged from 4.06
to 6.00cm (Table 14 Fig. 13).

Among the irrigated varieties Sas recorded the shoot length of
5.27cm than V; (5.25cm), whereas among the rainfed varieties Sis
recorded maximum length (5.15cm) than RFSi3s (5.08cm) as

compared to Mysore local (4.97cm).

The maximum shoot length of 5.46cm recorded with potting
mixture peat : perlite : vermiculate (1:1:1) + 2 MS + 1 ppm of NAA +
lppm IBA + 1 ppm IAA followed by sand : soil : perlite + %2 MS + 1ppm
of NAA + lppm IBA + lppm of IAA (5.40cm) as compared to control
(4.36¢cm).

Among the interaction maximum shoot length was recorded in
potting mixture peat : perlite : vermiculate (1:1:1) + %2 MS + 1ppm of
NAA + 1ppm IBA + 1ppm IAA (6.00cm) in Sse followed by V) (5.73cm)

also under the same treatment.

4.5.3 Effect of Potting Mixture on Root Length (cm)
Root lengths obtained from the explants were significant among

the treatments, genotypes and with interactions of treatments and
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Table 14: Effect of Potting Mixture on Shoot Length (cm) of Mulberry Plant

Treatment 536 | V-1 | s-13 | RFS-135 | M5O | pean
Local
T,: Peat: Perlite: Vermiculate
(1:1:1) + Iml MS + 0.5ppm of 506 o | 55 0 520
NAA + 0.5ppm of IBA + ’ 2 A 23 ' 548
0.5ppm IAA
T,: Peat: Perlite: Vermiculate
(1:1:1) + Iml MS + Ippmof | ¢ 573 13 510 460
NAA + lppm of IBA + Ippm| 0 ' .5'33 - ' 240
IAA
Ts: Peat: Perlite: Vermiculate
(1:1:1) + Iml MS + 2ppm of 53 0 3
NAA + 2ppm of IBA + 2ppm 516 | 5.20 36 5.43 5.5 533
TAA
T4: Sand: Soil: Perlite + 1ml
MS + 0.5ppm of NAA + 540 | 5.16 | 5.40 5.36 5.16 5.30
0.5ppm of IBA + 0.5ppm IAA
Ts: Sand: Soil: Perlite + 1ml
MS + 1ppm of NAA + Ippm | 5.80 | 5.63 5.36 5.20 5.00 5.40
of IBA + Ippm IAA
Te: Sand: Soil: Perlite + 1ml
MS + 2ppm of NAA + 2ppm | 5.10 | 520 | 5.06 5.10 4.93 5.08
of IBA+ 2ppm TAA
T7: Sand: Soil: FYM/ | 543 | 500 | 483 | 490 | 480 | 491
Compost
Ts: Sand: Soil (Control) 466 | 443 | 436 4.26 406 | 436
Mean 527 | 525 | 515 5.08 4.97 515
Test of Significant F-Test SEm+ CD at 5%
Mulberry Genotypes (A) 0.02 0.05
Treatments (B) 0.02 0.07
AxB 0.05 0.16

* - Significant at 5%
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genotypes which ranged from 5.16 to 8.20cm (Table 15, Fig. 14 and
Plate 9).

Among the irrigated varieties S3s recorded the root length of
7.02cm than V; (6.96cm), whereas among the rainfed varieties Sia
recorded maximum length (6.75cm) than RFSi3s (6.69cm) as

compared to control Mysore local (6.53cm).

The maximum root length was recorded with potting mixture
peat : perlite : vermiculate (1:1:1) + 2 MS + 1ppm of NAA + lppm IBA
+ 1lppm IAA (7.32cm) followed by peat : perlite : vermiculate (1:1:1) +
Y2 MS + 2ppm of NAA + 2ppm IBA + 2ppm IAA (7.30cm) as compared

to control (5.58cm).

Among the interaction maximum root length was recorded in
potting mixture peat : perlite : vermiculate (1:1:1) + 2 MS + 1ppm of
NAA + 1ppm IBA + 1ppm IAR (8.20cm) in Ss6 followed by Vi (7.70cm)
under the treatment of peat : perlite : vermiculate (1:1:1) + 2 MS +
2ppm of NAA + 2ppm of IBA + 2ppm IAA.

4.6 Effect of Shading Percentage on Plant Height (cm)

Plant height recorded were significantly varied among the
treatments and genotypes but non significant with interactions of
treatments and genotypes which ranged from 2.41 to 3.85cm (Table
16 and Fig. 15).

Among the irrigated varieties Sz recorded the plant height
(3.18cm) than V; (3.10cm), where as among the rainfed varieties Sis
recorded maximum length (3.07cm) than RFSi3s (2.96cm) as

compared to control (2.90cm).

The maximum plant height was recorded with 50 per cent

shading percentage (3.69cm) followed by 75 per cent shading
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Table 15: Effect of Potting Mixture on Root Length (cm) of Mulberry Plant

Treatment S-36 V-1 S-13 | RFS-135 ‘Mysore Mean
Local
T,: Peat: Perlite: Vermiculate
(1:1:1) + 1ml MS + 0.5ppm of 730 | 7.06 3 706 0
NAA + 0.5ppm of IBA + . . 7.0 ; 7.0 7.09
0.5ppm IAA
T,: Peat: Perlite: Vermiculate
(1:1:1) + 1ml MS + 1ppm of 79 710 710 696 | 732
NAA + Ippm of IBA + 1ppm T 26 ! i ' '
IAA
Ts: Peat: Perlite: Vermiculate
(1:1:1) + 1ml MS + 2ppm of 7 760 730 693 | 730
NAA + 2ppm of IBA + 2ppm e Lo ' ’ ' '
TAA
T4: Sand: Soil: Perlite + 1ml
MS + 0.5ppm of NAA + 7.20 | 7.40 | 7.10 6.90 6.80 7.08
0.5ppm of IBA + 0.5ppm IAA
Ts: Sand: Soil: Perlite + 1 ml
MS + Ippm of NAA + Ippm | 7.60 | 7.50 | 7.23 7.16 7.03 7.30
of IBA + Ippm IAA
Ts: Sand: Soil: Perlite + 1ml
MS + 2ppm of NAA + 2ppm | 6.50 | 6.40 | 6.30 6.43 6.30 | 6.38
of IBA+ 2ppm IAA
T7: Sand: Soll: FYM/ | ¢ 45 | 650 | 620 | 620 | 610 | 628
Compost
Tg: Sand: Soil (Control) 6.00 | 586 | 550 5.40 5.16 5.58
Mean 702 | 696 | 6.75 6.69 6.53 6.79
Test of Significant F-Test SEm+ CD at 5%
Mulberry Genotypes (A) 0.02 0.05
Treatments (B) 0.02 0.07
AxB 0.05 0.6

* - Significant at 5%
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Table 16: Effect of Percentage Shade on Plant Height (cm)

Treatment S-36 | V-1 | S-13 | RFS-135 Mysore Mean
Local
T, : 100% 273 | 261 | 2.54 241 234 | 253
T2 : 75% 353 | 353 | 3.43 3.34 329 | 3.42
Ts : 50% 385 | 3.76 | 3.67 3.62 3.58 | 3.69
Ts:25% 3.13 | 3.07 ‘3.08 297 2.91 3.03
Control 267 | 254 | 261 2.48 2.41 2.54
Mean 3.18 | 3.10 | 3.07 2.96 290 | 3.04
Test of Significant F-Test SEm+ CD at 5%
Mulberry Genotypes (A) * 0.02 0.05
Treatments (B) * 0.02 0.07
AxB NS 0.05 0.15

* - Significant at 5%
* - NS-Nonsignificant

Note: Figures in the parenthesis indicate square root transformation
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percentage (3.42cm) as compared to control (2.54cm). The interactions

were however non significant.

4.7 Survival Rates (%)

Survival rates recorded varied significantly among the
treatments and genotypes but non-significant among interactions of
treatments and varieties which ranged from (79.50 to 84.26%) (Table
17, Fig. 16, Plate 10, 11 and 12).

Among the irrigated varieties S3s recorded (83.46%) survival
followed by Vi (81.78%), whereas among the rainfed varieties Si3
recorded maximum percentage (81.05%) followed by RFSi3s (80.08%)
as compared to control (78.67%). The maximum survival rate was
recorded with 45 days (81.94%) followed by 30 days (80.89%) as
compared to 25 days (80.19%). The interaction were however non-

significant (Table 18).



Table 17: Effect of Percentage Shade on Survival Rate (%)

o7

Treatment S-36 | V-1 S-13 | RFS-135 Mysere Mean
Local
25 Davs 98.33 | 97.33 | 97.00 97.00 9533 | 96.99
y (82.66)| (80.64) [(80.02)| (80.11) | (77.54) |(80.19)
30 Davs 98.66 | 97.66 | 97.66 96.66 96.33 | 97.39
y (83.46)[ (81.25)[(81.25)| (79.50) | (78.98) |(80.89)
45D 99.00 | 98.66 | 98.00 97.33 97.66 |97.93
ays (84.26)| (83.46) |(81.86)| (80.64) | (79.50) |(81.94)
M 98.66 | 97.83 | 97.55 96.99 96.21 |97.43
(83.46)[ (81.78) [(81.05)| (80.08) | (78.67) |(81.01)
Test of Significant F-Test SEm+ CD at 5%
0.36 1.38
M *
ulberry Genotypes (A) (0.34) (1.00)
0.27 0.96
B *
Treatments (B) (0.26) 0.77)
0.61 1.99
AxB
. NS (0.60) (1.73)

* - Significant at 5%
NS-Nonsignificant

Note: Figures in the parenthesis indicate Arc sign transform .tion.
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Table 18: General appearance of tissue cultured mulberry plants
Parameters
Genotypes
Leaf Leaf | Shoot | Root | Inter | Plant General

Nature |Colour | Length | Length| Nodal | Height | Appearance

l
S-36 Unlobed Fale Medium| Longer [Medium| Shorter | Healthy
Green
Pale . . :
V-1 Unlobed Medium|MediumMedium| Longer | Healthy
Green
Pale : ;
S-13 Unlobed Green Shorter |Medium| Shorter [Medium| Healthy

RFS-135 Unlobed | Green |Medium| Shorter | Shorter | Longer |  Healthy

Mysore Lobed & | Dark

Local thalshad | Coden Shorter | Shorter | Shorter [Medium| Healthy




Plate 9: Potted in vitro raised plants in Plate 10: Hardened Ss¢ variety ready for
different combinations of soil rite mix transfer to field

Plate 11: Hardened V, variety ready for Plate 12: Hardened Mysore local (Control)
transfer to field variety ready for transfer to field
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V. DISCUSSION

The results of the present investigation have revealed interesting
facts regarding “Standardization of Hardening Protocol of Tissue
Cultured Mulberry Plants (Morus spp.)” for tissue cultured plantlets

are discussed in this chapter.

5.1 Sterilization Protocol for Explants of Mulberry

The present study revealed that the survival per cent of the
explants was signiﬁcantiy maximum (79.36%) at 8 minutes (HgClz) at
the concentration of 0.1 per cent and it was significantly minimum at
the duration of 10 minutes (22.14) at the concentration of 0.5 per cent
of HgCl,. These results are in agreement with the results of Kim et al.
(1985), Tewary et al. (1989), Kathiravan et al. (1995), Wang et al
(1996), Vijayan et al. (1998 and 2000), Wang et al. (1999), Kapur et al.
(2001), Bhatnagar et al. (2002) where the maximum survival per cent
was recorded when explants were treated with 0.1 per cent (w/v)

aqueous HgCl; solution for 5 minutes.

5.2 Effect of Growth Regulators on Callus Initiation

Significantly maximum response of callus initiation was
recorded in Sz (60.76%) followed by Vi (60.06%), S13 (45.86%), RFSi3s
(31.12%) and Mysore local (27.04%). Regeneration in tissue culture is
a genetically controlled trait (Bhojwani et al., 1984, Templeton-Somers
and Collins, 1986).

Maximum response of callus iniation was observed with
2.0mg/L 2, 4-D along with 0.75 and 1.00mg/L BAP (60.76% and
60.06%), respectively. The results are in confirmation with the
findings of earlier reports (Ohyam=, *970; Tewary et al., 1996, Jain et
al., 1990, Srinivasa et al., 2001). Yellow friable callus was obtained on
media containing higher concentration of 2, 4-D and lower

concentration of BAP and highest per cent (85%) (Table 6) of callus
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formation was found on medium containing 2, 4-D (2mg/L) alone
(Kavyashree et al.,, 2005a) or in conjugation with 0.5mg/L BAP
(Vijayan et al., 1998). From the wide range of auxins and cytokinins
used for induction of callus, 2, 4-D was identified as the best auxin for
callus induction (Komo et al., 1994) and cytokinin supplementation
along with auxins resulted in better growth of callus (Ketchum et al.,
1995).

Induced callus was maintained on MSBM supplemented with 2,
4-D (2mg/L and CM 10 per cent for a period of six months (Srinivasa
et al., 2001).

MS supplemented with 2.5mg/L 2, 4-D and 0.50mg/L BAP
showed faster response (11.80 days) compared to control (12.13 days)
with the growth regulators. Hypocotyl segments cultured on MS-
medium formed callus within 12 days (Kavyashree et al., 2005), 14-16
days (Vijayan et al,, 1998), 3-4 weeks (Tewary et al., 1989) a month

(Tewary et al., 1990) of inoculation.

5.3 Effect of Growth Hormones on Shooting

Significantly maximum callus differentiation was recorded in Sas
(60.91%) followed by Vi (5.50%), RFSiss (33.72%), Sis (32.12) and
Mysore local (28.25%). Regeneration in tissue culture is a genetically
controlled trait (Bhojwani et al.,, 1984, Templeton-Somers and Collins,
1986). Frequency of shoot regeneration per explant varied among the

genotypes (Kathiravan et al., 1995).

Significantly higher differentiation was recorded in Sszs when MS
fortified with 2.5mg/L 2, 4-D and 1.00mg/L BAP 75.12%) followed by
Vi on MS and 2.5mg/L 2, 4-D and 0.75mg/L BAP (75.11%) compared
to Mysore local (25.88%). Genotypic difference in their response to

auxin and cytokinin concentrations and combinations as revealed by
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the variation in callus differentiation and shoot formation (Tewary et
al., 1996). Combination of BAP (2mg/L) and NAA (0.1mg/L) were
found most effective in inducing higher per cent of multiple shoots
(Kim et al., 1985); Vijayan et al., 1998). The presence of BAP in MSBM
with auxin promotes the rate of shoot multiplication in mulberry
which is also in support of Oka and Ohyama (1974), Mhatre, (1985),
Kim et al., (1985) and Rao and Raghunath (1993) in different varieties

of mulberry.

Shoot length was significantly more in mulberry with 1.0mg/L
BAP and 0.5mg/L IBA (Tewary et al., 1996). Present results coincide
with the above and also support the results of Vijayan et al. (1998).

5.4 Effect of Growth Hormones on Rooting

Shoots rooted well in MS mediurﬁ having NAA followed by IBA
and IAA. Significantly higher rooting percentage (48.07%, 40.82%) was
recorded with 1.0mg/L and 1.5mg/L NAA respectively followed by
1.0mg/L IBA (37.30%) compared to control. The results are in
agreement with the results of Chattopadhyay et al. (1990), Vijayan et
al. (1998), Chakravarthy et al. (2001), Bhatnagar et al. (2002), and
Kavyashree et al. (2005b). It is observed that in mulberry NAA is better
than IBA for root induction and growth, though IBA, IAA, 2, 4-D and
NAA are commonly used for root induction in plantlets (Narayan et al.,
1989, Yadav et al., 1990, Jain et al., 1992, Rao and Vidyanath, 1997).

More number of roots arose on MS having NAA followed by IBA
and IAA. Maximum number of roots were recorded with 1.5, 0.5mg/L
NAA (6.31, 5.73) followed by 1.0mg/L IBA (5.06) compared to the
control (2.27). These findings are supported by reports of Yadav et al.
(1990), Vijayan et al. (1998), and Kavyashree et al. (2005b).
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5.5 Effect of Anti transparents on Number of Leaves

More number of leaves were found with spray of glycerol
followed by spray of low melting paraffin wax and grease petroleum.
Maximum number of leaves were recorded with 50 per cent, 75 per
cent glycerol (4.40, 4.13) followed by low melting paraffin wax (4.00)
and 50 per cent grease petroleum (3.93) compared to the control
(2.93). These findings are supported by the reports of Smith et al,
1990, Smith et al.,, 1992, Ghaxhigae et al., 1992 and Pospisilova,
1996).

5.6 Effect of Potting Mixture on Inter nodal Length, Shoot

Length and Root Length (cm)

Internodal length was significantly more in mulberry with peat:
perlite: vermiculate (1:1:1) + 2 MS + 1ppm of NAA + lppm IBA +
1ppm IAA (2.95) and Sand: Soil: Perlite + 2 MS + lppm of NAA +
lppm IBA + 1lppm IAA (2.92cm). Shoot length was significantly
maximum in mulberry with peat: perlite: vermiculate (1:1:1) + %2 MS +
1ppm of NAA + 1ppm IBA + 1ppm IAA (5.46) and sand: soil: perlite +
Y» MS + 1ppm of NAA + 1ppm IBA + 1ppm IAA (5.40).

Root length recorded was significantly more in mulberry with
peat: perlite: vermiculate (1:1:1) + %2 MS + 1ppm of NAA + 1ppm of
IBA + l1ppm IAA (7.32) and sand: soil: perlite + 2 MS + 4.00ppm of
NAA + 1.00ppm IBA + 1.00ppm IAA (7.30). The present results are
supported by the results of Adachi et al. (1990), Katase, 1994, Kapur
et al., 2001, Kavyashree et al.,, 2005a, Kavyashree et al.,, 2005b,

Srinivasa et al., 2001).

5.7 Effect of Shade on Plant height (cm)

Plant height recccded was significantly more in mulberry with
50 per cent shading (3.69%) and 75 per cent shading (3.42%). The
present results are supported by the results of Desjardins et al
(1988).
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5.8 Survival Rate of tissue cultured mulberry plant

Survival rate recorded was significantly more in mulberry with
45 days (81.94%) and 30 days (80.89%]). Present results were
supported by the Adachi et al. 1990, Katase 1994, Kavyashree et al.
2000a, Kavyashree et al. 2005b, Kapur et al. 2001, Srinivasa et al.
2001, and Usha Yadav et al. 1990.
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VI. SUMMARY

The results of the present investigation have revealed interesting
facts regarding “Standardization of Hardening Protocol of Tissue
Cultured Mulberry Plants (Morus spp.)” was carried out to
standardize the protocol for mulberry genotypes through nodal
explants using five mulberry genotypes viz., Vi, Sse (Irrigated); S13,
RFS135 (Rainfed) and Mysore local (Control).

Salient features of the investigation are as follows.,

Survival per cent of the explants were significantly higher in
(79.36%) at 8 minutes (HgCly) at the concentration of 0.1 per cent
compared to (14.05%) at 8 minutes (HgClz) at the concentration of 0.5

per cent.

The highest response of callus initiation was recorded in Sse
(60.76%) followed by Vi (60.06%), Si3 (45.86%), RFSi3s (31.12%) and
Mysore local (27.04%).

Among media maximum response of callus iniation was
observed with 2.0mg/L 2, 4-D along with 0.75 and 1.00mg/L BAP
(60.76% and 60.06%), respectively. 2, 4-D was identified as the best

auxin for callus induction.

Higher values for callus differentiation was recorded in Sae
(60.91%) followed by Vi (5.50%), RFSiss (33.72%), Sis (32.12) and
Mysore local (28.25%). Combination of BAP (2mg/L) and NAA
(0.1mg/L) were found most effective in inducing higher per cent of

multiple shoots.

Higher rooting percentage (48.07%, 40.82%) was recorded with
1.0mg/L and 1.5mg/L NAA respectively followed by 1.0mg/L IBA
(37.30%) compared to control.
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Maximum number of leaves were recorded with 50 per cent, 75
per cent glycerol (4.40, 4.13) followed by low melting paraffin wax
(4.00) and 50 per cent grease petroleum (3.93) compared to the
control (2.93).

Shoot length was recorded significantly maximum in mulberry
with the peat: perlite: vermiculate (1:1:1) + Y2 MS + 1ppm of NAA +
1ppm IBA + 1ppm IAA (5.46) and sand: soil: perlite + %2 MS + 1ppm of
NAA + 1ppm IBA + 1ppm IAA (5.40).

Plant height was recorded highest in mulberry with the 50 per
cent shading (3.69%) and 75 per cent shading (3.42%). Survival rate
was recorded significantly maximum in mulberry with 45 days
(81.94%) and 30 days (80.89%).

Future Line of Work: -

Micropropogation techniques can be effectively utilized for clonal
propogation of popular mulberry varieties, this filling the demand and
supply gap for e.g., Vi variety. Tissue culture technology can be
commercialized for large scale in vitro multiplication of popular
mulberry genotypes, especially the poor rooting varieties can be
propogated by tissue culture technique. In vitro rooting techniques

should be standardized.

Production cost per plant should be worked out, and
possibilities of reducing cost of production of mulberry plants from

nodal explants should be worked out.
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