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ABSTRACT

In vitro propagation studies were initiated wilantalum albuntinn. for rapid micropropagation using shoot
apex and nodal explants. Direct regeneration oftiplelshoot bud was observed from both explantdurashige and
Skoog (MS) basal medium supplemented with variarscentrations and combinations of BAP (6-Benzylampimine),
Kn (kinetin), IAA (Indole-3-acetic acid) and NAA{Naphthalene acetic acid). The highest shoot ragéna frequency
(100%) and mean number (4.76 + 0.33) of shootegplant was achieved from nodal segments culture$ medium
fortified with 2.0 mg/l BAP + 0.5 mg/l IAA within 8 days of inoculation. 2.0 mg/l BAP + 1.0 mg/l IA8und to be best
for shoot elongation. In terms of rooting, vitro derived well developed shoots were excised andaimgd individually
on half strength of MS with different concentratoof I1AA, IBA and NAA. Maximum number (3.11 + 0.12pd highest
length (3.73 cm) of root was observed on half gftleMS medium containing 0.5 mg/l IAA + 1.0 mg/IABWell rooted
plantlets transferred to plastic pots containinijasad compost mixture (1:1) and showed 91% sutwidtzen transferred to
outdoor.
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INTRODUCTION

Santalum albunkinn. belongs to the Santalaceae family, is a teread [1] small tropical aromatic and medicinal
tree species, commonly known Sandalwoodor Chandon It is native to semi-arid areas of Indian subtowmnt and is
now planted in China, Sri Lanka, Indonesia, Malayshe Philippines, Northern Australia aaldo in Bangladesh. The
heartwood containing 1.5-5% of strong specific femge of oil which has been used in perfumes, cssmeeligious and
medicine purposes and was predicted to have aréinoma compounds [2, 3]. Sandalwood oil is widedgd for the
treatment of coldness, fever, weakness, skin déseasd bronchitis, hear diseases, infection ofanyi system, liver and
gall bladder complaints etc. [4]. Many researchicka$ reported that this plants species also hasoaitant,
anti-microbial, and anti-hyperglycemic potentialf; 6]. Due to the over exploitation of this plagtecies for harvesting
wood to obtain santalol (sandalwood oil) and also dther purposes such as to use in wood carvidgsinies and

aboriginal medicine. These activities contributedeods the destruction &. albunplants in Bangladesh.

Conventionally, the plant is propagated by seedtmisuccess rate of seed germination is very igwNormally
seeds remain dormant for two months and graduélyility is decreased after 9-10 months period. Btieer methods of
propagation by cutting or by grafting are of lintitase in sandal because of poor success rate. Hiece is an urgent

need to develop alternative propagation technigadsifill the current requirement and also to cemng this and other
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valuable medicinal plant species [8]. Plant tissulture and micropropagation would possibly be #ebbdechnique to
contend with this growing problem [9-11]. Therefotige objective of the present study was to develspiccessful rapid
in vitro protocol for mass propagation antalum albuniinn. through direct organogenesis using shoot apex addln

explants.

MATERIALS AND METHODS

Plant Materials and Explants Sterilization

Shoot apex and nodal explants were collected fromytears old plants ddantalum albuniinn. grown in the
medicinal block of Bangladesh Forest Researchtltsti Chittagong, Bangladesh. Both explants weoeotighly washed
under running tap water for 20 minutes, treatedh Wguid detergent (Tween 20) for 10 minutes, faléa by dipping in
5% (v/v) savlon solution for 10 minutes. The plardterials were then washed 6-7 times with distilkeder. After rinsing
with 70% ethanol for less than 60 seconds, theywarface sterilized with 0.1% (w/v) Hg@r 10 minutes and washed
with sterile double distilled water 4-5 times aféarch surface disinfection treatment under aseptiditions. The surface
sterilized explants were cut into small pieces -0&m) with a sterilized surgical blade and theaculated onto the

culture media.
Media and Culture Conditions

The culture medium used for the present study wasabhige and Skoog (MS) basal medium supplemenitid w
different concentrations and combinations of plgnawth regulators (PGRs) such as BAP, Kn, NAA aA4 ivere used
for induction of organogenesis or embryogenesisolne cases the multiple shoot buds (MSBs) thatldped from nodal
explants or from shoot apex elongated on MS supphed with different PGRs and for rooting, elondashoots at a
height of 3-4cm were rescued aseptically from thiuced on rooting medium containing half strengll$ medium
fortified with different concentrations and comttinas of IBA, IAA and NAA. In all cases the mediawre solidified with
0.8% (w/v) agar and pH was adjusted to 5.8 pricautoclaving for 30 minutes at 1°%21 under 1.1kg/cipressure. All
culture vessels with inoculated explants were ttaken to the culture room for incubation where aleyf 14 hours

continuous light and 10 hours continuous dark plasemaintained. The room temperature was mairdah@5+C.
Shoot Induction and Multiplication

Shoot apex and nodal segments were placed on M&imedipplemented with various cytokinimiz. BAP and
Kn at different concentrations (0.5-2.0mg) eithéwna or in combination with I1AA or NAA (0.5-1.0mdgpr shoot
induction. The induced shoots were allowed to gfowl0-25 days. After 10-25 days of culture, th@larts producing
maximum number of multiple shoot buds were subutatt on MS basal medium fortified with differenincentrations of

PGRs for proliferation of more number and higheagth of micro shoots.
Root Formation

The isolated multiple shoot buds (3-4cm) with twothree pairs of leaves were harvested and substygue
transferred to half strength MS medium fortifiedtwiifferent concentrations of IAA, IBA and NAA. Bmwere recorded

on percentage of rooting, mean number of rootsraotlength after 3-4 weeks of inoculation.
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Hardening and Acclimatization of Plantlets to Soil

Plantlets with well develop shoots and roots wermaved from the culture medium, washed gently under
running tap water and transferred to plastic potgaining a mixture of soil and compost (1:1) datiee humidity 80-85%
with light intensity varied 2000-3000lux and tergere of 28+2C following successive phases of acclimatizatioor. F
the purpose, the month of the culture vessels \ept open for one day in the culture room and tiveye then kept
outside the culture room for 6 hours in the next dater on those were kept outside the cultur@réar 12 hours. Finally
the seedling were taken out of the culture vesaets rinsed with running tap water for complete reahmf medium

attached to the roots.
Statistical Analysis

Experiments were set up in a Randomized Block De$RBD) and each experiment was replicated thrice.
Observations were recorded on the percentage pdmes, number of shoots per explants and numb@ots per shoot. A
minimum of 10-15 explants were used for each erpent. Means and standard deviations were calculiate@ach

treatment. The data Means + SD of at least thiéereint experiments were represented.
RESULTS AND DISCUSSION

In vitro regeneration of multiple shoot buds from shootxaped nodal explants db. albumwithout callus
formation was successfully developed. Proliferatcdnmultiple shoots was observed with high freqyefrom nodal
segment than shoot apex within 10-25 days of iraimn. Both explants underwent direct organogen@si®S medium
containing different concentrations and combinatiohauxins (0.5 - 1.0 mg/l) and cytokinins (05.6 mg/l). It is evident
that the combinations of auxins (IAA/IBA) and cyioiks (BAP/Kn) was more effective in production mfiltiple shoot

buds compared to the only cytokinin.

The highest frequency of multiple shoot inductioaswobtained (100%, 4.76 + 0.33) on the medium autgde
with 2.0 mg/l BAP + 0.5 mg/l IAA (Figurel-A&B, Tabtl) from nodal segments. Conversely, the lowestgodage of
multiple shoots induction was found to be (06.44%6 + 0.20) from shoot apex on the media suppléadenith 0.5 mg/l
BAP. The synergistic effect of cytokinin with auxims been demonstrated in several medicinal pleizt€lephantopus

scaber[12], Cestrum nocturnurflL3], Plectrathus amboinicufl 4], Plumbago zeylanicfl5] andSteviarebaudiana[16].

For elongation, the micro shoots that developeectly from shoot apex and nodal explants underebamtgation
when individually grown on different PGRs suppleegh elongation media. Data on elongation of shaatsbwere
recorded after 4 weeks of culture (Table 2). Thieiehcy of a medium was assessed in terms of emnhgmultiplication
and elongation of shoots. The highest length obgh@Figure1-C&D) was (4.81cm) obtained on the M&lmam having
2.0 mg/l BAP + 1.0 mg/l IAA. On the contrary, thenimum elongation (1.23 cm) of shoot buds took placthe medium
fortified with 3.0 mg/l Kn + 1.0 mg/l IAA. Cytokimis have been shown to be most critical growth eggulfor shoot
multiplication in some medicinal plant specieseli&entiana kurroo[17]. So in the present study MS medium with
cytokinins and auxins acted as trigger for initigtimultiplication and elongation of multiple shdmtds. Similar responses
were observed in many other medicinal plants ss¢haaldalia asiaticd 18], Aegle marmelogl9] andBoerhaavia diffusa
[20] andRuta gravelen§?1].
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Table 1: Effect of Different Concentrations and Corbinations of Plant Growth Regulators in MS Medium ;
Multiple Shoot Buds Induction from Shoot apex and wdal segments oBantalum album.

0.5 10-25 10. 24 1.17+0.16 10-25 06.44 1.06 £ 0.20
1.0 - - - 10-25 18.03 1.32+0.11 10-25 10.03 ®1835
2.0 - - - 10-25 26.56 1.66 +£0.13 10-25 16.0( k2816
1.0 - 0.5 - 10-25 76.47 2.79+0.25 10-25 5720 6zZD41
1.0 - 1.0 - 10-25 84.61 2.86 +0.16 10-25 60.08 228.13
1.5 - 1.0 - 10-20 91.20 3.47 £ 0.64 10-20 7121 6260.61
2.0 - 0.5 - 10-15 100 4.76 +0.33 10-20 89.21 2.96 +0.1]
2.0 - 1.0 - 10-15 81.03 2.56 +0.18 10-20 7241 5%0.22
1.0 - - 0.5 10-25 65.00 1.56 + 0.30 10-25 47.10 43%*D0.02
1.0 - - 1.0 10-20 72.41 1.79 £ 0.51 10-25 50.06 2%8.55
1.5 - - 1.0 10-20 80.12 2.75+0.24 10-25 66.00 2%6.53
2.0 - - 0.5 15-20 71.00 2.46 £ 0.10 15-20 6048 1%9.22
2.0 - - 1.0 15-20 62.14 1.77 £ 0.27 15-20 48.00 61*4.37

- 10| 1.0 - 15-20 34.17 1.55 + 0.42 15-20 20..11 36%0.17

- 15| 1.0 - 15-20 68.00 1.80 £ 0.03 15-20 3755 0%*98.19

- 20| 1.0 - 15-20 61.07 1.68 £ 0.16 15-20 48.68 218.07

- 1.0 - 1.0 10-25 36.20 1.50 + 0.54 15-20 29.00 7%*2.16

- 1.5 - 1.0 10-25 51.22 1.31+0.30 15-20 40.00 + 0816

- 2.0 - 1.0 10-25 44.05 1.23+0.12 15-20 32.14 2%*D.16

*Values are the mean of three replicates each Zthxplants

Table 2: Effect of Different Concentrations and Corbinations of Cytokinins and Auxins on Elongation ofMultiple
Shoot Buds ofSantalum album.

0.5 - 0.5 - 1.14 0.06 1.68:0.17
1.0 - 0.5 - 1.5%0.17 2.00+0.13
1.0 - 1.0 - 1.85+0.23 2.140.04
1.5 - 0.5 - 23k 0.11 3.2# 0.32
1.5 - 1.0 - 2.5& 0.25 3.88+ 0.18
2.0 - 1.0 - 3.26+0.34 4.81+0.10
1.0 - - 0.5 1.620.12 1.87+0.23
1.0 - - 1.0 2.11%+0.30 2.33: 0.04
2.0 - - 1.0 3.360.10 3.65+ 0.16
3.0 - - 1.0 2.7&¢0.28 3.21+ 0.18

- 1.0 1.0 - 1.36 £ 0.15 1.75+0.37

- 15 1.0 - 1.680.18 2.55+0.31

- 2.0 1.0 - 1.430.32 1.14+0.07

- 3.0 1.0 - 1.06 +£0.21 1.23+0.15

- 1.0 - 1.0 1.4¢0.18 1.71+0.30

- 2.0 - 1.0 23031 2.60+ 0.16

- 3.0 - 1.0 1.5&¢:0.10 2.08+ 0.22

* Values are the mean of three replicatehenith 15 explants
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In order to produce complete plants, multiple shoeds were individually transferred to rooting naedHalf
strength MS basal medium with IAA (0.5-1.5mg/l) I&A (0.5-1.5mg/l) or in combination of 1AA, IBA anlAA(0.5-
1.0mg/l) were used for root induction. Data wereorded after 3 weeks of inoculation (Table 3). Dlest response was
recorded when 0.5 mg/l IAA + 1.0 mg/l IBA was addedhalf strength MS medium. In this medium combkoraon an
average highest number (3.11 + 0.12) and maximugite(3.73 cm) of root was observed (Figurel-E) ti@nother hand,
low frequency (56%) of root was reported in halesgth MS with 0.5 mg/l IAA. The influence of IBAnd IAA for
induction and proliferation of root has been repdrin many medicinal plant, such aspla pilosa[22], Aquilaria
malaccensi$23], Plumbago zeylanicf24] andMentha pulegiuni25].

After 4-5 weeks the shoots with strong and stoat system were acclimatized outside chamber foddy® then

transferred to plastic cups (Figurel-F) containimgture of soil and compost (1:1). On an averagé $antlets finally
survived in nature.

Figure 1: In Vitro Regeneration of Plantlets through Direct Organogerss in Santalum album. A&B- Induction of Shoot Buds on
MS+2.0 mg/l BAP+0.5 mg/l IAA; C&D- Elongation of Shet Buds; E. Elongation and Rooting of Shoots on 1/2i8ngth MS +
0.5mg/l IAA+1.0 mg/l IBA; F. Hardening and Acclimation of In Vitro Regenerated Plant.

Table 3: Effect of Different Concentrations and Corbinations of IAA, IBA and NAA in Half Strength MS on
Root Induction from Micro Shoots of Santalum album.

0.5 - - 56 2.05+0.13 2.12+0.34
1.0 - - 68 2.620.30 2.8 0.11
15 - - 76 2.7%0.21 3.00t 0.05

- 0.5 - 65 2.6&0.32 2.61+0.28

- 1.0 - 73 2.720.05 2.40+0.17

- 15 - 82 2.81%+0.10 3.1+ 0.31
0.5 0.5 - 100 2.550.21 3.16: 0.28
0.5 1.0 - 100 3.11+0.12 3.73+0.08
1.0 1.0 - 100 3.02+0.13 3.20+0.27
0.5 - 0.5 88 2.330.10 2.2 0.15
1.0 - 1.0 93 2.6%0.24 2.63t0.22
15 - 0.5 80 2.250.11 2.30+ 0.20
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CONCLUTION

This research study presents the report of plaggneration through direct organogenesisSahtalum album
Linn. from shoot apex and nodal explants. MS basadium containing 2.0 mg/l BAP + 0.5 mg/l IAA gatbe best rate of
shoot initiation. The highest length of shoot wdamed in MS fortified with 2.0 mg/l BAP and 1.0gfhlAA. Half
strength MS basal medium with 0.5 mg/l IAA + 1.0/mM8A was found to be best for the root inductidrhe protocol
presented in this study may provide a high efficiemegeneration system for successful regeneratfoadventitious
shoots forex situconservation ofSantalum albuniinn. as well as genetic improvement studies fbarmaceutical,

industrial uses and future research investigations.
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