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Rapid micropropagation of five cultivars of mulberry
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Abstract

Multiple shoots were initiated from nodal and shoot tip explants collected from mature trees of Morus alba L. cultivars
Chinese White, Kokuso-27 and Ichinose, and M. multicaulis Perr. cultivars Goshoerami and Rokokuyaso after 2 weeks
of culture. Nodal explants were more responsive than shoot tip explants. Murashige and Skoog basal medium was found
to be most suitable medium and 6-benzylaminopurine was the most effective cytokinin for shoot induction. Explants
collected between April and September evoked better response than the explants collected between October and March.
Shoots were multiplied by transferring nodal explants excised from in vitro raised shoots onto a medium containing
cytokinins. Sucrose was the most suitable carbon source examined for shoot multiplication. An increase in shoot
multiplication rate was noticed upto 4 - 5 subcultures. Nodal explants rooted on an auxin-supplemented medium. The
acclimatized plants were successfully transplanted in the field.
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Introduction

The genus Morus belonging to the family Moraceae
comprises nearly 35 species. Many members of this
genus are cultivated on commercial scale. Morus alba L.
cvs. Chinese White, Kokuso-27, Ichinose and Morus
multicaulis Perr. cvs. Goshoerami and Rokokuyaso are
promising cultivars for sericulture industry in temperate
regions of the world. Their foliage is used as a source of
feed for rearing silkworms (Bombyx mori L.). Low
rooting potential of cuttings from these cultivars is a
serious bottleneck to their large-scale propagation.
Mulberry plants are out breeder and as a result their
progeny show genetic variability, which makes them
unsuitable for the commercial purpose. Methods of
conventional vegetative propagation like production of
plants through grafting is not economically viable
because it involves lot of skilled manpower, expensive
nursery facilities and a long wait of 4 - 5 years to obtain
plants ready for harvest (Bhau 1999, Bhau and Wakhlu
2001). Propagation of plants through cuttings is also not
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viable for these cultivars due to their extremely low
rooting ability. An attempt made in the past to induce
rooting in stem cuttings of these cultivars by the use of
auxins has not yielded encouraging results (Fotadar et al.
1990).

Micropropagation provides an alternative method for
mass clonal propagation. The successful regeneration of
plants in vitro has been achieved in several mulberry
species by axillary shoot proliferation (for review see
Wakhlu and Bhau 2000). These studies have revealed
that in vitro micropropagation in mulberry is dependent
on the growth regulator combinations, explant type and
the genotype. New mulberry cultivars require
development of successful in vitro regeneration system.
The objectives of this study were to establish an efficient
protocol for micropropagation of M. alba cvs. Chinese
White, Kokuso-27, Ichinose and M. multicaulis cvs.
Rokokuyaso and Goshoerami and optimize conditions for
acclimatization and transplantation of plants to field.

Abbreviations: BAP - 6-benzylaminopurine; 2,4-D - 2,4-dichlorophenoxyacetic acid; Bs - Gamborg’s medium; IAA - indole-3-acetic
acid; IBA - indole-3-butyric acid; Kn - kinetin; MS - Murashige and Skoog; NAA - a-napthaleneacetic acid; WPM - woody plant
medium.
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Materials and methods

The explants were collected from 10-year-old mature
trees maintained in the Mulberry Germplasm of the
Sericulture Division, Regional Horticulture Research
Station, Sher-e-Kashmir University of Agricultural
Sciences and Technology, Udheywalla, Jammu, India.
For each cultivar, the explants were collected from a
single tree between February and October, 1993 - 1997
unless otherwise stated. Nodal segments (1 - 2 cm long)
and shoot tips (1 cm long) were excised from current
branches. The explants were washed with detergent under
running tap water for 1 h, then immersed in 0.5 %
Bavistin solution (BASF India Ltd., Mumbai, India) for
30 min, rinsed 3 - 4 times with sterile distilled water.
These explants were surface-sterilized with 70 % ethanol
for 1 min, followed by a dip in 4.6 % sodium
hypochlorite solution containing 2 - 3 drops of Tween-80
(Loba Chemie, Mumbai, India) for 20 min. The explants
were finally rinsed 4 - 5 times with sterilized distilled
water.

Three basal media, MS (Murashige and Skoog 1962),
Bs (Gamborg ef al. 1968) and WPM (Lloyd and McCown
1980) media were used in this study. Each medium was
fortified with 3 % sucrose and 0.8 % agar unless
otherwise stated. The pH of the media was adjusted to 5.8
prior to autoclaving. Cultures were maintained at
28 + 2°C and 16-h photoperiod with a irradiance of
30 pmol m™s™' provided by cool-white fluorescent tubes.

The effects of different growth regulators (0.5 - 10
mg dm” BAP or Kn and 0.1 - 0.5 mg dm™ IBA, IAA, or
NAA), basal media (MS, Bs, WPM), explant type (nodal
segments, shoot tips) and explanting period were tested
for establishment of cultures. Shoots formed in vitro were
cut into single nodes and used for shoot proliferation. The
effects of above mentioned growth regulators and carbon

Results

Multiple shoot induction: At the beginning of the
experiment Kokuso-27, Ichinose and Rokokuyaso
cultivars grew well, while Chinese White and
Goshoerami required an adaptation period to the in vitro
conditions. Multiple shoots were initiated from nodal and
shoot tip explants after 2 weeks of culture on a growth
regulator supplemented medium (Fig. 1). The greatest
numbers of shoots were regenerated on a medium with
BAP. The most effective concentration of BAP was from
1-25mg dm for Kokuso-27, Ichinose and Rokokuyaso
and 4 mg dm” in Chinese White and Goshoerami. Nodal
segments were more responsive than shoot tip explants.
Maximum number of shoots formed per nodal explant
was higher than the number of shoots formed per shoot
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source (sucrose, fructose, sorbitol, and mannitol in 3 %
concentration) were tested for proliferation of shoots.
Multiplication rate was evaluated after a regular gap of
4 weeks for 6 sequential subcultures on a medium
supplemented with 1.5 mg dm™ BAP. Data were taken in
terms of the number of shoots formed per explant and the
shoot length.

Nodal explants (1 cm) excised from in vitro raised
shoots were used for rooting. The effect of growth
regulators (0.1 - 2 mg dm™ NAA, IBA, or IAA, and
0.1 - 1.0 mg dm™ BAP or Kn) was tested for root
formation. Data were taken in terms of the percentage of
rooted explants, the average number of roots formed per
explant and the root length. The regenerated plantlets
were transferred to plastic cups (8-cm diameter)
containing sand and vermiculite (1:1). The plantlets were
covered with a polythene bag in order to maintain high
humidity and were placed in a greenhouse. Plantlets were
watered every 2 d with Knop’s solution for 4 weeks.
Hardened plantlets were then transplanted in polythene
bags (16 x 13 cm) containing garden soil, sand and
farmyard manure (1:1:1). These plants were transplanted
in the experimental plots of Department of Botany,
University of Jammu and Regional Sericulture Research
Station, Miranshaib, Jammu, India.

Ten replicates with 50 explants were used for each
treatment and repeated 3 times. The results were recorded
at a regular interval of 4 weeks of culture and analyzed
by analysis of variance using randomized block design
method. Data taken in percentage was subjected to arcsin
transformation for proportions before analysis and
converted back to percentages for presentation in tables.
Means were compared using Duncan’s new multiple
range test (Duncan 1955).

tip explant. Auxin type and concentration had no
significant effect on multiple shoot induction and favored
callus formation at the cut ends of the explants (data not
presented).

MS basal medium was more suitable than Bs and
WPM medium for shoot induction from nodal explants
(Table 1). The type of basal medium did not influence
multiple shoot induction from shoot tip explants. The
season of explant collection had a significant influence on
multiple shoot initiation. Maximum number of shoots per
explant was obtained from nodal explants collected
between April and September than from explants
collected between October and March (Fig. 2).
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Table 1. Effect of different basal media supplemented with 1.5 mg dm® BAP on number of shoots formed per nodal explant of
different cultivars of mulberry after 4 weeks of culture. Means in a column with the same superscript are not significantly different
from each other at a 5% level according to Duncan's new multiple range test.

Number of shoots [explant™']

Chinese White Kokuso-27 Ichinose Goshoerami Rokokuyaso

MS 7.6° 6.2° 9.5¢ 9.5° 6.5°¢
B; 42" 54%® 6.3° 6.3° 4.1°
WPM 22° 5.2% 43° 43*° 2.5°%
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Fig. 1. Effect of different concentrations of BAP and kinetin on multiple shoot induction in different cultivars of mulberry.

10 induction. The effect of cytokinin on shoot proliferation
© sl E éz;géesre_p;arrsg:r —1 was significant (Table 2). For all c113|tivars, the higher
Q- BAP concentration (>2 mg dm™) decreased the
25 6 multiplication rate. The media containing 1.5 mg dm?
g4t BAP gave maximum multiplication in Chinese White and
e~ oL Ichinose, whereas the medium containing 1 mg dm” BAP
@ gave maximum multiplication rate in Kokuso-27,

0 R PR Rokokuyaso and Goshoerami.

O Carbon source had a significant influence on shoot
CULTIVARS proliferation. Sucrose and fructose were more suitable

Fig. 2. Effect of explanting season on multiple shoot induction

. e . than mannito! and sorbitol. The number of shoot formed
in different cultivars of mulberry.

on each nodal explant and shoot length was highest on a
medium supplemented with sucrose (Fig. 3). The
presence of mannitol in the medium was noticed to
completely restrain shoot multiplication. The effect of

Muitiple shoot proliferation: Shoot tip explants were
not used for further multiplication because of their
comparatively poor response during multiple shoot

Table 2. Effect of BAP concentrations on shoot multiplication from in vitro raised nodal explants of different cultivars of mulberry
after 4 weeks of culture. Means in a column with the same superscript are not significantly different from each other at a 5 % level
according to Duncan’s new multiple range test.

BAP Number of shoots [explant™]

[mg dm"] Chinese White Kokuso-27 [chinose Goshoerami Rokokuyaso
0.0 1.8° 1.0° 1.0° 1.0° 1.0°

0.5 2.9° 1.7% 1.5% 1.7% 4.2°

1.0 5.6° 4.14 2.9% 4.1° 6.5°

1.5 7.0° 3.3° 4.99 3.3° 4.4°

2.0 5.8¢ 2.1° 3.6° 2.1% 2.0°

25 4.6° 1.5% 1.1*® 1.5 1.0°
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Table 3. Effect of sequential subculture (4 week culture period each) on multiple shoot formation (number of shoots per explant and
shoot length) in different cultivars of mulberry cultured on MS medium supplemented with 1 mg dm™ BAP. Means in a column with

the same superscript are not significantly different from each other at a 5 % level according to Duncan’s new multiple range test.

Subculture Chinese White Kokuso-27 Ichinose Goshoerami Rokokuyaso
number length number length number length number length number length
[explant'] [cm] [explant'] [cm] [explant] [cm] [explant'] [cm] [explant'] [cm]
I 7.8° 53° 6.7 3.9° 53° 42° 6.1° 41° 8.0° 3.9°
2 11.0° 5.1° 83¢ 3.7° 5.7% 39° 5.6° 45® 8.0° 39°
3% 1.o¢ 5.5¢ 9.0¢ 35° 8.8¢ 41° 6.3° 4.5% 10.6° 41°
4" 14.0¢ 51° 5.5° 32% 6.4 36° 62° 49% 10.4° 43°
5 9.0° 48° 3.8° 2.9% 52° 3.8° 63° 5.1° 12.8¢ 3.7°
6" 7.0° 5.0° 33° 25° 4.0° 36" 6.6° 53° 9.0° 35°
10
O sucrose
xr g B fructose
l('ﬁj MW sorbitol
s B mannitot
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Fig. 3. Effect of different carbon sources on multiple shoot proliferation in different mulberry cultivars after 4 weeks of culture.
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Table 4. Effect of IBA, IAA or NAA in different concentration [mg dm™] on rooting of nodal segments (percentage of rooting
explants, number of roots and root length) of different mulberry cultivars on MS medium supplemented with different concentrations
of auxins after 4-weeks of culture. Means in a column with the same superscript are not significantly different from each other at a

5 % level according to Duncan's new multiple range test.

Auxin Conc. Chinese White . Kokuso-27 Ichinose Goshoerami Rokokuyaso
[mg rooting numberlength rooting number length rooting number length rooting number length rooting number length
dm®] [%]  [exp.'l1[em] [%] [exp.'][em], [%] [exp'T{em] [%] [exp.'}[em] [%]  [exp."] [cm]
None 0.0 0 00* 00° 0 0.0° 0.0° 10° 23* 1.4 0* 00* 00° 0 00° 00
IBA 0.1 10° 34° 39% 45 2,15 209 75 36® 43 15*  13* 1.7 10° 1s° 22
05 25° 46 459 50 2.1 37 85¢  69° 85° 40° 24 29% 5 19> 27
1.0 30° 52% 48 65 27 35 80 44> 62° 50 290 34° 30° 24> 32°
20 15° 3.0 33" 65 25% 44 s55° 33 34 55¢ 28 3¢ 35%¢ 16> 25
IAA 0.1 5°  10° 04° 45 22b  32% 550 39® 280 45 494 3¢ st 1 gb  25b
0.5 15° 24> 29° 60 2.8% 499 65bc 48 45 65% 54° 419 304 28 29
1.0 309 30° 33% 90 3.6 524 70° 52° 450 559 399 35 400 2.5 31%
20 20% 16 26° 70 24> 429 60"  47°  32% 40% 365 29™ 40°  19° 3.3°
NAA 0.1  20% 52% 717 40 2.0° 2.7 50°  3.0° 2.5° 45 27 389 200 22" 25
05 70° 7.8 808 50 1.9° 3% 550 30% 26 25" 18> 22% 456 25 34°
10 50 56 61° S0 25 24> s50° 45> 34" 20° 1.8 25" 808 389 46!
20 10° 24 29> 55 1.0° 23 55 49° 39° 15 15 214° 65 359 35

repeated subculturing on the number of shoots formed per
explant was significant. The shoot number increases upto
4 - 5 subcultures but thereafter the multiplication rate was
gradually declined in all the 5 cultivars (Table 3).

Rooting: Auxins had a significant influence on root

formation (Table 4). Rooting was successfully induced
within 15 d of culture. The percentage of nodal explants
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forming roots, the number of roots per explant and the
root length' was highest on a medium containing
0.5 mg dm™ and 1.0 mg dm” NAA in Chinese White and
Rokokuyaso respectively. IBA at concentration of
0.5 and 1.0 mg dm> was most effective for rooting in
Ichinose and Kokuso-27. Goshoerami explants rooted
best on the MS medium supplemented 1.0 mg dm” IAA.
High concentrations of auxins (> 1.0 mg dm?) stimulated



callus formation at the cut ends of the explants in all the
cultivars.

Regenerated plants were not able to survive when
transferred directly to field. Regenerated plantlets with
3 - 5 fully expanded leaves and well-developed roots
were successfully hardened during July and August
months. The hardened plants were transferred to field
after 2 months.

Discussion

The present study indicates that multiple shoots can be
induced from shoot tip and nodal explants in all cultivars
of mulberry on a medium containing cytokinin.
Compared to Kn, BAP (1 - 2 mg dm’) induced the
formation of higher number of shoots per explant. The
promotive effect of BAP for inducing multiple shoots has
been previously reported in several mulberry species
(Enomoto 1987, Yadav ef al 1990, Pattnaik and Chand
1997). Superiority of BAP for shoot induction may be
attributed to the ability of plant tissues to metabolize
BAP more readily than other synthetic growth regulators
or to the ability of BAP to induce production of natural
hormones such as zeatin within the tissue (Zaerr and
Mapes 1982). The level of BAP used in the medium
significantly influenced the multiple shoot formation.
Maximum numbers of shoots per explant were produced
with low concentrations of BAP (1 - 2 mg dm’) in
Kokuso-27, Ichinose and Rokokuyaso. Low BAP
concentrations have also encouraged shoot induction in
Morus alba (Chattopadhyay and Datta 1990), M. nigra
(Yadav et al. 1990, Vijaya Chitra and Padmaja 1999) and
M. indica (Mhatre et al. 1985, Patel et ol 1983). An
increase in BAP concentration (>2.5 mg dm’) was
inhibitory to the formation of shoots. Similar results have
been obtained in M. australis (Pattnaik et al. 1996),
M. cathayana, M. ihou and M. serrata (Pattnaik and
Chand 1997) and M. laevigata (Islam et al. 1993, Hossain
et al. 1992). However high concentrations of BAP (4 mg
dm®) promoted shoot formation in cv. Chinese White.
This observation agrees with earlier reports on multiple
shoot formation in Prosopis chilensis and P. juliflora
(Yao et al. 1989) and Fraxinus excelsior (Hammatt and
Ridout 1992). Incorporation of auxins in the medium did
not improve the response of shoot formation and
encouraged formation of callus. Similar effect of auxins
has been earlier reported in M. laevigata (Islam et al.
1993). This inhibition of shoot formation may be due to
the action of accumulated auxins at the basal end of the
explants (Marks and Simpson 1994).

Among the basal media tested for shoot induction,
MS basal medium was the most effective for all
mulberries investigated in this study. The effectiveness of
MS. basal medium for shoot formation has been
previously observed in M. australis (Pattnaik et al. 1996),
and M. alba (Oka and Ohyama 1986). Oka and Ohyama

MICROPROPAGATION OF MULBERRY CULTIVARS

Efficiency: One explant upon culture resulted in the large
number of shoots at the end of 2™ subculture (12 weeks).
These nodes after rooting (100 %) in the next 4 weeks
produced 441, 324, 272, 341 and 900 plantlets in Chinese
White, Kokuso-27, Ichinose, Goshoerami and
Rokokuyaso, respectively. Chinese White was the most
fast multiplying cultivar among the 5 cultivars studied.

(1986) have reported that both dilution and strengthening
of the original MS salt concentration decreased the
growth of buds in M. alba.

Nodal explants gave better shoot regeneration
response than shoot tip explants. Superiority of nodal
explants in terms of the number of shoots formed per
explant has also been reported in M. australis (Pattnaik
et al. 1996), M. cathayana, M. ihou and M. serrata
(Pattnaik and Chand 1997) and M. nigra (Yadav et al.
1990). This differential response of nodal and shoot tip
explants has been attributed to the differences between
the physiological states of the buds on different regions
of a stem (Vieitez et al. 1985), and shoot tips exert strong
apical dominance even in the presence of BAP
(Lakshmanan et al. 1997).

A significant effect of explanting season on shoot
regeneration was observed in this study. In all cultivars,
nodal explants collected during April to September
showed better shoot forming response than the explants
taken during October to March. Similar results have been
obtained in M. australis (Pattnaik et al 1996),
M. cathayana, M. ihou and M. serrata (Pattnaik and
Chand 1997), and M. nigra (Yadav et al. 1990). Better
shoot forming ability of nodal explants collected during
April to September may be attributed to the most active
growth phase of plant material.

Nodal explants excised from shoots grown on a
medium containing high BAP concentration (4 mg dm™)
required transfer to a low BAP concentrations (1 - 1.5
mg dm™) for further growth and shoot proliferation in
cvs. Chinese White and Goshoerami. Similar obser-
vations were also reported in Picea abies (Ewald and
Suss 1993) and Anacardium occidentale (D’Silva and
D’Souza 1992). Continued exposure of explants to high
BAP concentrations during induction and proliferation
stages seem to cause high accumulation of cytokinins
which inhibits further shoot development. The nodal
explants of Kokuso-27, Ichinose and Rokokuyaso excised
from shoots induced exhibited normal growth and shoot
proliferation upon subculturing on the same medium.

Ohyama and Oka (1987) reported that carbon source
for micropropagation varies with different cultivars of
mulberry. In contrast, our study showed that sucrose was
most favorable carbon source for shoot formation in all
cultivars. Sucrose has also been reported to be favorable
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for micropropagation of shoots in M. laevigata (Islam
et al. 1993). Oka and Ohyama (1982) have shown that
fructose is superior over sucrose for multiplication of
shoots in M. alba.

Multiple shoots produced in vitro were proliferated
further as nodal explants by repeated subculturing at
4-week intervals. The number of shoots per explant in all
cultivars increased upto 5 subcultures and thereafter
shoots multiplication rate declined. A similar effect of
subculturing on multiplication of shoots has been
reported in M. australis (Pattnaik et al 1996),
M. cathayana and M. ihou (Pattnaik and Chand 1997). .

Rooting of nodal explants excised from in vitro raised
shoots was achieved in the presence of an auxin. NAA
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