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Abstract. Shoot apices of mature tree of Morus alba cv S, were cultured on Murashige and Skoog (MS)
medium supplemented with different concentrations and combinations of cytokinins and auxins. Multiple
shoots were proliferated only in cytokinin supplemented media. Maximum number of shoots per explant was
obtained from culiures grown on medium supplemented with 1 mg/16-benzylaminopurine and 1 mg/l
kinetin. Adventitious rooting occurred well after transferring excised shoots on half-strength Ms medium
containing 0.5 mg/l each of naphthaleneacetic acid and 3-indolebutyric acid. Plantlets were acclimated and
successfully established in soil under natural conditions.

Introduction

Mulberry is of great economic importance for sericulture industries because its foliage is
used as food for silkworms. Some species of mulberry are cultivated for their sweet
edible fruits and useful timber [1]. In many countries delicious jellies are prepared from
mulberry fruits. Conventionally mulberry is propagated by seed and cutting but some
species with high nutritive value are difficult to root. There have been increasing interest
in using tissue culture as a means of clonal propagation of woody plants. This true in
those plants, in which cuttings are difficult to root, particularly when they are taken from
mature trees [2]. In mulberry bud culture has given successful results to provide multiple
shoots and afterwards plantlets as well [2-11]. In the present paper the morphogenic
potentials of shoot tip explants of mature trees of M. alba cv S, are demonstrated.
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Materials and Methods

Actively growing shoot tips were collected from a 12-year-old tree of Morus alba
cv S, and washed several times with distilled water. Surface disinfection was done with
HgCl, (0.1%w/v) for two minutes after a rinse of 70% ethanol. The material was then
washed with sterilized double distilled water for 10 minutes giving 6-7 changes. The
explains were cultured on NS medium [12] supplemented with cytokinins : 6-
benzylaminopurine (BAP) and kinetin and the auxins: naphthaleneacetic acid (NAA), 3-
indolebutyric acid (IBA) and to 2,4-dichlorophenoxy-acetic acid (2-4-D). Hormones
were used either individually or in some combinations (Table 1) and added in the
medium before autoclaving. In vitro raised shoots were rooted in half-strength MS
medium and sucrose (1,5%) with IBA or NAA at a concentration of 0.5 mg/1 either
individually or in conjunction. The pH of the medium was adjusted 5.8 before
autoclaving at 121° C for 20 minutes and solidified with 0.7% (w/v) Deface Batch-agar.
The cultures were grown at 26+ 2°C with 16 h photoperiod under alight intensity of 60
uE m?s! provided by warm white fluorescent tubes.

Table 1. Effect of growth regulators on morphogenetic response of shoot tip explants of M.aiba on MS
medium after 5 weeks of culture. Each value is an average of 3 replication consisted of 10

culture tubes
Hormone % Explants Number of % Explants % Explants Number of
concentration with shoots shoots with roots with callus response
{mg/1) per explants
BAP 035 5727+ 031  2.27+1.28 - - LS
1.0 6677+ 2.06 4.09+2.02 - - LS
2.0 65.28% 1.16 6.26+ 3.10 - - LS
30 54.66+2.11 2.02+0.09 - - LS
Kn 0.5 4733+ 1.24 2.33+0.15 - - LS
1.0 46.11+0.32 249+1.23 - - LS
20 43.00+ 2.06 3.10+ 1.06 - - LS
3.0 48.981 0.61 3.00£ 211 - - LS
BAP + Kn - -
0.5 + 0.5 67.96+2.03 7.62£1.76 - - HS
1.0 + 1.0 77.6611.13 B.35£ 235 - - HS
BAP + IBA
0.5 + 0.5 - - 18.221 1.61 - PR
1.0 + 1.0 - - 22.56+1.23 PR
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Table 1. (Contd.)

Hormone % Explants Number of % Explants % Explanis Number of
concentration with shoots. shoots with roots with callus response
(mg/1) per explants
BAP +
0.5 + 0.5 - - 7032+ 2.03 - PR
81.2041.76 - PR
BAP + 2,4-
05 + 0.5 2011121 1.01£0.13 - 26.89+1.27 WFC
1.0 + 1.0 - - - 85.17£1.23 WFC
- = No response,
LS = Long shoots,

HS = Healthy shoots,
PR = Profuse roots,
WFC = White friable callus.

Results

Shoot tip explants cultured on different combinations showed their first response by
unfurling of leaves and axially bud enlargement within 1-2 weeks of culture (Table 1).
Media supplemented with BAP and kinetin alone or in combination produced multiple
shoots in 43-77% cultures. Less shooting was obtained with kinetin at the concentrations
tested compared to BAP supplemented medium of corresponding concentrations. The
mean number of shoots per explant was 3.10 recorded on the medium containing 2.0
mg/1 kinetin but the number was double (6.26) at the same concentration of BAP .
However, maximum frequency of multiple shoot proliferation (77.66%) and the highest
number of shoot (8.35) per explant were achieved when BAP and kinetin were added
together at a concentration of 1 mg/1 each (Fig. A) followed by a same combination at
0.5 mg/1 each. It has been observed that media containing auxin (2,4-D) supplemented
with BAP led to the development of one single shoot and stimulated callus formation at
the base. Growth of this shoot became stunted (Fig. B, Table 1). In addition shoot

formation was inhibited when BAP was added in IBA or NAA containing media and
root initiation was stimulated.
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Figs. A-D. Micropropagation of Morus alba from shoot apices. A multiple shoot proliferation in MS
medium supplemented with BAP and Kn at a concentration of 1 mg/1 each after 4 weeks of
culture. B. stunted single shoot with callus at the base in MS medium fortified with BAP
and 2,4-D at a concentration of 0.5 mg/l each after 4 weeks of culture. C. Induction of
adventitious roots on half MS with IBA and NAA at a concentration of 0.5 mg/1 each after
4 weeks of culture. D. Two transferred plantlets on soil after 3 weeks of transfer.
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From proliferated shoot clumps individual shoots (approximately 3 cm in length)
were excised and transferred to rooting media. Shoots stimulated to root with auxin were
induced in medium containing 1.0 mg/1 each of BAP and kinetin. Root initiation started
within 7-9 days of culture. Both IBA and NAA at 0.5 mg/1 were equally effective for
root induction but some callus formation was observed at NAA supplemented medium
(Table 2). IBA and NAA in combination on the medium on the other hand, promoted
rooting frequency, root number and length, and inhib**=d basal callusing, In this medium
the roots also produced profuse lateral roots (Fig. C) whici helped the plantlets to
establish in the soil quickly.

Table 2. Induction of roots on in vitro raised shoots of Morus alba L. after five weeks in half-strength
MS Medium supplemented with auxin, Each value is an average of 3 replications and each
replication consisted of 10 culture tubes.,

Auxin (mg/1) ) % of shoots rooted Root number per shoot Root length(cm)
IBA 0.5 70.3312.33 12.53+1.22 6.310.98
NAA OS5 67.87+4.21 13.28+2.04 5.8+1.01
IBA 0.5+ NAA 0.5 85.0814.68 18.411£2.14 : 8.2£1.93

For maximum shoot production the stock cultures were transferred to fresh medium
after each batch of microcutting harvest and in this way they were kept for continuous
shoot production for several months. It has been observed that the number of
microcuttings produced per subculture, length and quality of microcutting and quallty
increased gradually up to 7th subculture and then declined.

For transfer to the soil, plantlets were taken out of culture tubes, washed thoroughly
to remove any remains of medium and planted in polybag with 1:1 non-sterile garden
soil and compost. During the first week of transfer the plantlets were covered with
polybags to maintain humidity. Within 3 weeks after transfer to soil the plants began to
form new leaves and resumed growth (Fig.D) and later on transferred to the field.
Plantlets taken from double auxin supplemented medium surviced in the soil much

better than those taken from medium supplemented with single auxin, 80% versus 60%,
respectively.

Discus_sioh

The result ‘of the present experiment clearly show that rapid clonal propagation of
Morus alba is possible through in vitro culture of shoot tip explants at a much faster rate
than any conventional methods of propagation. Such a multiple shoot proliferation from
shoot tip explants of mulberry has been reported [13], with shoot proliferation in
cytokinin enriched media and rhizogenesis in an auxin supplemented media. In present
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paper, we report better result of shoot proliferation in double cytokinin supplements and
stout root with laterals in double auxin supplements. Similar results were reported in
Artocarpus  heterophyllus for shoot and root induction [14] and in guava for root
induction [15]. An equimolar concentration of BAP and kinetin also allowed better
results for multiple shoot in other species o fruits [16] and ornamental plants [17]. This
might be due to the "synergism" between the two growth hormones. In eucalyptus
highest number of shoots were proliferated by the synergistic action of NAA
(0.1mg/l)and BA(1.0mg/1) in modified MS media (18) which correlates with our
findings. Further it has been reported that, the addition of kinetin (4.0mg/1) along with
IAA (1.0mg/1) stimulated the growth of pea buds (19), whereas, the nutrient solution
having kinetin alone had little effect which also proves that, action of more than one
hormone sometimes enhanced frequency of in vitro shoot proliferation. Even in intact
plants it has been established that, cytokinins universally promote the out growth of
shoots, including that of side shoots (20). Using the method described above, rapid and
mass propagation of mulberry plants can be achieved by in vitro shoot tip culture.

References

{11 Patel, TK., Bapat, B.A. and Rao, P.S. "In vitro Culture of Organ Explants of Morus indica: Plant
Regeneration and Fruit Formation in Axillary Bud Culture. " Z. Pflazenphysiol. H1 (1983), 465-468.

(2] Oka, S. and Ohyama, K. "Mulberry Morus alba L." In: Bajaj, Y.P.S.(Ed.), Biotechnology in
Agriculture and Forestry Vol. 1, Trees I, Springer- verlag, Berlin, 1986.

(3]  Ghugale, D.D., Kulkami, N.M and Narasimhan, R. "Effects of Auxins and Gibberellic Acid on Growth
of Populus nigra Tissues in vitro. "Ind. J. Expt. Biol., 9 (1971), 281-284. :

[4] Kim, HR., Patel., K.R. and Thorpe, T.A. "Regeneration of Mulberry Plantlets through Tissue Cultrue.”
Bot. Gaz., 146 (1985), 335-340.

[5]  Ivanicka, J. "In vitro Propagation of Mulberrry (Morus nigra L,). " Scientia Hort. 32 (1987), 33-40.

[6] Jain, AK., Dandin, $.B.and Sengupte, K. " Invitro Propagation through Axillary Bud Multiplication
in Different Mulberry Genotypes. " Plant Cell Reports., 8 (1990), 737-740.

(71 Hossain, M., Rahman, M., Zaman, A. and Joarder, O.1. " Effects of Nature of Explant and pH on in
vitre Propagation of some Mulberry Genotypes. " Bull. Sericult. Res., 12 (1991}, 13-22.

(8] Zamam, A., Islam, R, Hossain, M., Joarder, O.I., Ahad, A. and Barman, A.C. "Clonal Propagaftion
through in vitro Shoot Proliferation of Nodal Explants of Seven Mulberry Genotypes.”" Plamt Tissue
Cult,, 2 (1992), 71-74.

[91 Zaman, A., Islam, R., Hossain, M., Bari, M.A. and Joarder, O.1. "Plant Regencration and Seedless Fruit
Formation in Nodal Explant Cultures of Morus alba cv S,. "Sericologia, 33 (1003), 313-318.

[10] Zaman, A., Islam, R., Islam, S., Barman, A.C. and Joarder, O.1. "Effects of Aminoacids on Cloning of
Mulberry Microshoots: Observation, Analysis and Consequences. "Bull, Sericult., Res.5 (1994), 1-4.

{111 Zaman, A., Islam, R, and Joarder, O.I. "Field Performance and Biochemical Evaluation of
Micropropagated Mulberry Plants.” Proc. 2nd intl. Plant Tissue Culture Conf. Dhaka, Bangladesh,
1995.

[12] Murashige, T. and Skoog, F. "A revised Medium for Rapid Growth and Bioassays with Tobacco
Tissue Cultures™. Physiol. Plant., 15(1962), 475-497.

[13] Yadav, Y., Madan, L. and Jaiswal. V.S "Micropropagation of Morus nigra from Shoot Tip and Nodal
Explants of Mature Trees. "Scientia Hort., 44 (1990), 61-67.

{14] Roy, S.K., Rahman, S.L. and Majumdar, R. "In vitro Propagation of Jack Fruit (Artocarpus
heterophyllus).” J. Hon. Sci., 64 (1990), 355-358. -




[15]
[16]
71
[18]
[19]

(20]

Micropropagation of Morus alba . . . 13
Amin, M.N. and Jaiswal, V.S "Rapid Clonal Propagation of Guava through in vitro Shoot Proliferation
in Nodal Explants of Mature Trees." Plant Cell Tissue Organ Culture, 9 (1987), 235-244.

Nair, S., Gupts, P.K. and Mascarenhas, A.F. " In vitro Organogenesis from Leaf Explants Lof Annona
squamosa.” Plant Cell Tissre Organ Culture, 3 (1984),29-40.

Williums, R.R., Taji, AM. and Bolton, J.A. "/n vitro Propagation of Dampriera diversifolia and
Prostanthera rotundifolia. "Plant Cell Tissue Organ Culture, 3 (1984), 273-281.

Das, T.and Mitra, G.C. "Micropropagation of Eucalyptus tereticornis”. Plant Cell Tissue Organ
Culture., 22, No. 2 (1990), 95-102.

Wickson, M. and Thimann, K.V. " The Antagonism of Auxin and Kinetin in Apical Dominace”
Physiol Plant., 11 (1958), 62.

Hess, D. In: "Plant Physiology"™ New Delhi: Springer International, Narosa Publishing House, 1981.



14 A. Zaman, er al.

BRI, TPt S gve WIE WIEPOVIVERI BPRPIREY) I STy |

pA——u] g0 XY o fﬂuﬂi.\,ﬂﬁ-c*fﬂ-ﬂ}l@{, ¢ Ol 1 J‘.H
(e T2 0 (ALt 3l = (g yulilly Y tgs ~ 223

iy A2 3]y dnalae el i i

AT AVVATAR I Qv PRFAREL AL SRR U |

L] Blias 7 Sny ol 30 2 o AL (W1 o) by Y Bl el Bes 22 Sl pasils
JEL R JOVK GCO VIR TIPS UE P I PR T S CH LS | PR ERY. S W F S S
V) Olian o 3t e Bl g M o gy ge s JSO ke et @ (gt g gadbt e 20 ST
g et JB L Bor 8 geay Rul ) ok 0 e Vg ) ale gl b V1 ST g el
Aty it e Garler o S A S e 50 o 55 (08 i) phpl o 5 pia

Al O bl ef 3 G oy Loy F ey 6 pheall UL L o LS S5 J



