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ABSTRACT

A study was initiated to explore the possibility fio vitro propagation of the economically
important leguminous tree, Albizzia odoratissimeae do the lack of a proper conventional
method of propagation. The apical buds from 7-eaysin vitro seedlings of A. odoratissima
were evaluated for direct shoot regeneration on aélige and Skoog's (MS) basal medium
fortified with BAP (6—benzylaminopurine) and kinesingly or in combinations of both at
different concentrations. The highest percentageresponse was obtained on MS media
supplemented with 0.75 m@AP in which 91.67% of the explants responded primgduan
average of 10 shoots per explants and shoot leoyth86 + 0.22 cms. Kinetin was found to be
incapable of multiple shoot proliferation whethercorporated alone or in combination with
BAP. In vitro rooting of the microshoots was inddice growth regulator-free as well as indole-
3-acetic acid (IAA) or indole-3-butyric acid (IBAupplemented half strength MS medium. The
best rooting response (53.33%) was observed in tjroggulator-free MS medium. The highest
response for acclimatization and pot establishmeinthe rooted plantlets was obtained in
soilrite (40%).

Keywords: leguminous tree, seedlings, kinetin, shoot peddifion, acclimatization.

Abbreviations. MS-Murashige and Skoog; BAP-6- BenzylaminopuriA&-lindole-3-acetic acid; IBA- Indole-3-butyric dci2-
iP- N®-2-isopentenyladenine; NAA- Naphthalene-3-acetid;@@AR-Photosynthetically Active Radiation; ANOVAaiysis of
variance; CRD-Completely randomized block design;1ISEast significant difference test

INTRODUCTION

The leguminous tred\lbizzia odoratissim@ a common constituent of mixed deciduous forests.
It is a large, woody, fast-growing tree reaching2bm in height. The tree occurs naturally in
humid tropical countries like Bangladesh, Chinadidn Myanmar, Nepal, Pakistan and Sri
Lanka. It is widely used as a shade tree in cadfektea plantations as it improves fertility of the
soil and decreases soil erosion [1]. The treegea source of fuelwood, green manure, cattle
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fodder and produces premium quality timber [2]. Btwrer, herbal medicines are now
increasingly being used for treatment against difie human disorders [3] ad odoratissima
also plays an important role as a medicinal pl@he bark of this tree is used for the treatment of
ulcers, leprosy, skin diseases, cough, bronchdiehetes and burning sensation [4]. Therefore,
the tree enjoys considerable importance in soadlagroforestry programs on farm lands. In the
recent years, this tree has suffered genetic deggme due to extensive felling of
phenotypically superior trees for various commérparposes [1]. Hence, there is an urgent
need to develop conservation stands to proteaehetic resource of this species [5]. Production
of trees with desired characteristics would redilneepressure to cut quality trees from natural
forests. So far, a conventional method of vegeggbnopagation using stem and root cuttings has
not been possible fak. odoratissiméor clonal propagation of selected genotypes sitherior
canopy characteristics and disease and pest ress{&; 7]. The only method available at
present for propagation &. odoratissimas through seeds. However, the seeds are commonly
faced with the problem of being frequently damaggdBruchidius bilineatopygus (bruchid)
larvae.In vitro techniques could be viable alternatives to congaat vegetative propagation
method for mass propagation [8] and gene conservaMoreover, than vitro regeneration
systems comprising of cell cultures or micropropedatissuesare a reliable source of
genetically homogenous material and are able t@negte shoots which can be rapidly
propagated either by organogenesis or somatic egbnesis. Genetic transformation is a viable
technique for elucidating gene function and for mgktargeted single trait improvement in
clonally propagated plants [9]. The regeneratioplahts from cells or tissues is the first step for
introduction of genetic variation by genetic trasfiation techniques for development of
cultivars with improved characteristics.

In leguminous trees, direat vitro shoot regeneration without an intervening callbagse has
been reported in leguminous trees likébizzia odoratissimg10], Albizzia chinensig11],
Bauhinia variegataand Parkinsonia aculeatd12], Albizzia falcataria[13], Dalbergia sissoo
[14], Acacia seya]15], Pterocarpus marsupiuffi6] andAcacia chundrg17].

In the first trial forin vitro shoot regeneration @&. odoratissimg10], field establishment of
complete plantlets could not be achieved and tbezefthe technique could not be used for
commercial exploitationLater, in vitro plantlet regeneration oA. odoratissimawas reported
from nodal regions of cotyledons and leaves [1duktion of callus and successful regeneration
of plantlets has also been obtained from epic@®tiole and cotyledon explants [18]. So far as
in vitro propagation is concerned, shoot tips or apicaklard usually preferred because of their
strong growth potential and ability to produce sHftee plants [19]. However, among the tree
legumes, successfirl vitro plant regeneration from apical buds has so fan Ibeported in only

a few species likAlbizzia lebbeck20], Acacia seyal15] andAcacia chundrd17].

The objective of the present study is to inveségahether the apical buds framvitro grown
seedlings ofA. odoratissimacan be utilized as reliable sources for mass piligétion of this
species in order to increase its availability alsh #or commercialization of selected genotypes.
The present study is the first report on regenamatif complete plantlets from apical budsAof
odoratissimaand successful establishment of the plantletsiin s

MATERIALS AND METHODS
Source of plant material and explant preparation

Dried and mature seeds were collected from thegeadens of Barbheta Division of Tea
Research Association. The seeds were washed withing tap water and few drops of a
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commercial detergent ‘Nocidet’ (National Organic e@tical Industries Limited, Mumbai,
Maharashtra, India) for 5 min and then subsequeintbed three times with distilled water. This
was followed by surface sterilization of the sewdth 0.1% (w/v) solution of mercuric chloride
for 10 min with gentle stirring. The seeds werealiy rinsed three times with sterile distilled
water and germinated under aseptic conditions.nidtiple shoot proliferation, the apical buds
(3-4mm) from 7-d-oldn vitro grown seedlings were excised and cultured horatlyndn shoot
proliferation medium.

Basal nutrient medium for germination of seeds and optimal proliferation of shoots

The basal nutrient medium used in this study ctesisf Murashige and Skoog (MS) medium
[21]. Germination of seeds was carried out on pmotvth regulator-free MS basal medium
containing half strengths of the MS macro and mieaits. The vitamins, sucrose and
myoinositol were as per the original compositiohM& media.

Effect of cytokinins and their concentrations on in vitro multiple shoot proliferation

For multiple shoot proliferation, MS media fortdievith various concentrations of either BAP
(0.25, 0.5, 0.75, 1.0, 1.25 mg/L) or kinetin at Hane concentrations solely or in combinations
of both were tried. MS medium without any growthukator was used as the control. The pH of
the medium was adjusted to 5.6 with 1IN NaOH or 16l Bind the medium was solidified with
0.8% agar (Himedia, Mumbai, India). The media wken sterilized by autoclaving for 20 min
at 121°C. Each of the treatments was tried withegflants and repeated three times. Shoot
proliferation was evaluated 30 days after the b@gm of the experiment and the percentage of
explants responding to shoot proliferation, the hanof shoots per explant and length of shoots
were recorded.

Culture conditions

The cultures were grown at 25 + 2°C under 16 htlgtotoperiod with a photosynthetic photon
flux density of 37.40 umol thsec* provided by Photosynthetically Active RadiationAg@®
sources and cool white fluorescent tub®sbculturing of the cultures to fresh medium was
carried out at every 4 weeks interval.

Effect of auxins and their concentrations on in vitro rooting of the microshoots

Healthy and actively growing shoots with 3-4 leawesre used for root induction of the

microshoots. The rooting medium consisted of hafrgth MS medium with and without the

incorporation of auxins like I1AA or IBA at differérconcentrations of 1.25, 1 and 0.75 mg/L.
Rooting was also tried in one-fourth strength MSlmm with and without the incorporation of

rooting hormones. Medium sterilization and culteenditions were carried out as described
previously for shoot proliferation experiments. Thte microshoots were used for each
treatment. After 30 days of culture, the percentagaicroshoots forming roots, number of roots
per microshoot and length of the roots were reahrde

Hardening and pot establishment of the plantlets

Plantlets with well developed shoot and root systemere transferred to a hormone free
minimal media of pH 5.2 incorporated with sucrose @/L and solidified with 10 gégar [22].
The flasks with rooted plantlets were kept outste culture chamber and under room
temperature (30°C) for one week. The plantlets wben removed from the culture flasks,
washed with tap water to remove all agar adhemntpé roots and transferred to small earthen
pots filled with soil, soilrite (Allied Scientifi€roducts, Kolkata, West Bengal, India) or mixtures
of sand: soil (1:1 and 1:2). The pots were coveved transparent polythene bags to keep moist
conditions in the air surrounding the plantletseTantlets were then kept in dark conditions
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under room temperature. After 10 days, the platietre exposed to diffused light conditions.
The plantlets were irrigated regularly with tap @raénd the polyethene bags were removed
gradually.

Experimental design and statistical analysis

All the experiments were conducted in a complet@gdomized block design (CRD) with
twenty explants per treatment and each treatmestrej@eated three times. Data on percentage
of explants producing multiple shoots, number ajath per explants, and length of the shoots
were recorded after 30 days in shoot regeneratiperanents. Rooting experiments were also
statistically evaluated after 30 days interval ateta were collected on number of rooted
microshoots, the number of roots per shoot andtteafjthe roots. Hardening of plantlets was
evaluated after 30 days of transfer to pots andgmage of survival of plantlets was recorded
for different potting mixtures. All the data werebgected to one-way analysis of variance
(ANOVA) with 5% significance leveio analyze the influence of different treatmentse Thean
comparisons were carried out by Duncan’s Multiplenge Test [23]. The Least significant
difference test (LSD) was used to study differermetsveen different treatments.

RESULTS AND DISCUSSION

In vitro germination of seeds and effect of cytokinin concentration for in vitro shoot
regeneration

The seeds showed a germination percentage of 9&¥o2atiays of culture on half strength MS
medium. The seedlings obtained a height of 8-9 aftes 7 days with 2 to 4 leaves (Figure 1a).
The apical buds were then excised from the 7 ddysekdlings and cultured vertically on MS
media supplemented with various concentrationsA® Bnd kinetin.

After 15 days of culture, the emergence of sevehalot bud primordia was observed from the
basal region of the apical bud without the induttiof an intervening callus phase. The
productivity of shoots was significantly affecteg the concentrations of cytokinins in the media
(Table 1).

Table 1. Effect of cytokinins on shoot multiplicationfrom apical buds of Albizzia odoratissima after 30 days of culture

Growth regulators (mg/l) MS

BAP Kinetin Percentage of explants No. of shoots Length of shoots
regenerating shoots  per explants (cm) (mean + SE)
(mean + SE) (mean + SE)

1.00 - 71.67 +2.89 7.0+2.6" 4.82+0.16

0.75 - 91.67 +2.89 10.0+ 4.6 4.86 + 0.22

0.50 - 58.33+ 7.64 7.0+1.6" 4.01+0.4%

0.25 - 45.00 + 5.00 5.0+ 1.0 1.70 £ 0.16

1.00 1.00 45.00 + 5.60 3.0+1.6 2.50 + 0.48

1.00 0.75 48.33 +2.87 4.0+1.0° 3.37+0.90

1.00 0.50 50.00 + 0.60 6.0+ 1.0° 3.73+0.1%

1.00 0.25 51.67 + 2.87 7.0+2.06" 4.38 + 0.36"

The values represented within the columns are tenm SE of three repeated experiments with 20atplper
treatment. The values followed by different lettes significantly different at P<0.05.

MS medium fortified with 0.75 mg/l BAP was found be the best for multiplication of shoots

(P<0.05) in which 91.67% of the explants responpiextiucing 6-14 shoots per shoot (Figure
1b). The length of the proliferated shoots rangethf5.08 to 4.64 cms. The highest frequency of
shoot regeneration (82.5%) with a maximum of onB ¢hoots per explant was reported earlier

460
Pelagia Research Library



Ananya Borthakur et al Adv. Appl. Sci. Res., 2011, 2 (5):457-464

from cotyledonary node explants Af odoratissimecultured on a MS medium containing both
10uM BAP and 10uM 2-iP [1An average of 15 shoots was achieved from epi@atglants of
A. odoratissimaon MS medium supplemented with 2.5 uM BAP and oM NAA but the
percentage of explants producing shoots was foondet very less (29%) [18]. Kinetin was
found to be ineffective in shoot bud induction wiestincorporated alone or in combination with
BAP.

Media composition used in tissue culture studieacts to a large proportion of amy vitro
mass propagation protocol [24]. The use of BAP ha tmedia forin vitro propagation of
leguminous trees has been of profound importanise.addition of BAP in the nutrient medium
has been found to be necessary to induce multietgproliferation from apical buds of other
leguminous trees likélbizzia lebbeck20], Acacia seya[15] andAcacia chundrg17]. In the
present study, a decline in rate of shoot proliferawas observed at increased concentration of
BAP. An inhibitory effect on shoot multiplicatiort higher concentrations of BAP has also been
observed by other workers [25; 26; 27; 28] whiah iaragreement with our observations. In our
studies, a decrease in the shoot regenerationdneguvas also recorded at lower concentrations
of BAP. No multiple shoot proliferation could betaimed in MS medium supplemented with
only kinetin. When BAP 1 mg/l was combined withfdient concentrations of kinetin, no
enhancement in shoot proliferation was achievednt8t growth of shoots was also observed
with kinetin supplemented media. Thus, kinetin wasind to be antagonistic to shoot
proliferation in our studies. The inefficacy of kim for shoot proliferation rate was also
observed irPetroselinum, crispurf9], banana [30] andloe vera[31] which are in agreement
with our findings.

The apical buds from the microshoots when isolatedl subcultured in 1 mg/l| BAP added MS
medium, proliferated in the same manner like theéh@oapical bud producing an average of 6-
14 shoots per apical bud within 30 days. Thus & wassible regenerate an average of 36-196
shoots from one mother apical bud within a perib@8@mdays.

Rooting of thein vitro regenerated shoots

The regenerated microshoots (5-6 cm), with 2-3desawhen isolated and cultured in one-fourth
strength MS medium failed to survive after 10 daygransfer to rooting medium. However,
plant growth regulator free half strength MS mediasnwell as medium supplemented with IBA
and IAA promoted induction of rooting (Figure 18oot induction was observed from the base
of the microshoots after 15 days of culture.

Table 2. Effect of half strength MS media supplemeed with and without auxins on root induction from
microshoots ofA. odoratissima after 30 days of culture

Auxins Percentage of
rooting (%)

Length of roots

No. of roots per (cm)(mean + SE)

IAA IBA (mean * SE) explants (mean * SE)
- 53.33+5.77 2+1.0° 3.69+0.74
- 10 300100 2+0.0° 3.48+1.368
1.0 - 40.0+10.9 2+0.00 3.59 +1.33

The values represented within the columns are thenm SE of three repeated experiments with 20atplper
treatment. The values followed by different let@es significantly different at P<0.05.

The ANOVA showed that the highest percentage ofimgo(53.33%) with an average of 1-3
roots per microshoot which could be obtained inntmre-free half strength MS medium
(P<0.05) (Table 2). The average length of the raamtgied from 2.95 to 4.43 cms. A reduction in
the percentage of rooting was observed with therparation of auxins in the nutrient medium.
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The earlier reports suggest the presence of amaouxhe basal for induction @f vitro rooting
of A. odoratissimg1; 18] which do not agree with our findings. vitro rooting success in MS
medium without any growth regulators was also reggbearlier inCordia verbenaceg?2] and
dumb cane [33] in which are in agreement withresults.

Hardening of the rooted plantlets

The percentage of hardening success of the plantias highest in soilrite (40%), as compared
to the other potting mixtures (P<0.05) (Table ¥)eTplantlets exhibited normal growth and did
not show any phenotypic abnormalities (Figure BXig¢@mpared to thia vivo grown seedlings.

Table 3. Hardening success ofn vitro derived plantlets of A. odoratissima after 30 days of transfer to potting mixtures

Potting mixture Response (%)
Soil 1.67 +2.89
Sand:soil (1:1)  6.67 +2.89
Sand:soil (2:1)  8.33+2.89
Soilrite 40.00+ 10.00

The values represented within the columns are #enm: SE of three repeated experiments with 20tplpar
treatment. The values followed by different let@es significantly different at P<0.05.

Fig-1. Invitro regeneration of shoots from apical buds of\. odoratissima
(a) In vitro grown seedling
(b) In vitro regenerated shoots from apical buds after 30 ofagslture
(c) In vitro rooting of the microshoots
(d) Plant established in pot

CONCLUSION

The protocol established in this study forvitro propagation ofA. odoratissimafrom apical
buds was highly efficient, rapid and reproducilMass propagation of plants obtained by this
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method would definitely ease the pressure to cwtndtrees from the forests. The vitro
derived plants would be an ideal source of asepitt homogenous material in transformation
experiments. Then vitro propagation method developed in the current studylav be a
promising step in developing technologies for tlemal propagation and genetic transformation
of this species to generate plants with desiraaliés like uniform shade canopy, disease and
pest resistance, etc. The protocol was optimizeshéyipulating different concentrations of BAP
and kinetin for shoot regeneration. BAP was indisadle and highly efficient in promoting
multiple shoot proliferation. Kinetin was found be ineffective in multiplication of shoots. In
the rooting stage, media without the incorporatbmlant growth regulators produced the best
results for induction ofn vitro rooting. Rooted plantlets were best acclimatizedsairite.
However, there is enough scope in improvement eftdcthnique for better multiplication of
shoots and acclimatization of threvitro derived plantlets.

Acknowledgements

The authors express their gratefulness to the firedea Research Association, Tocklai
Experimental Station, Jorhat, for his kind pernussio carry out the work in the Tissue Culture
Laboratory of Plant Improvement Division and publibe results in the form of a paper. They
are also grateful to the scientists of the Tissud#u@e team of the Division for their help and
suggestions in different stages of the work. Thia@ns are thankful to Dr. Sumita Acharya and
Dr. Salvinder Singh, Assam Agricultural Universitigorhat, Assam, India, for critically going

through the manuscript and providing valuable satiges.

REFERENCES

[1] V. Rajeshwari, K. Paliwaln Vitro Cell. Dev. Biol.— Plant2006 42, 399-404.

[2] AnonymousNFT Highlights 1995.

[3] N. Mishra, K. K. BehalDer Pharmacia Sinica2011, 2 (1), 31-35.

[4] P. K. Warrier, V.P.K. Nambier, C. Ramankutiypdian Medicinal Plants. Vol. 1. Orient
Longman Private, Limited. Hyderabad, Indig94.

[5] D. P. Dominique,In: Forest, farm and community tree research reépgspecial issue)
(Winrock International Institute for Agriculturaldyelopment, Morrilton, AR, 1997) 119-124.
[6] Anonymous,Tea Research Association, Tocklai Experimentali@tadorhat, Assam, India,
1999, 59-80.

[7] Anonymous,Tea Research Association, Tocklai Experimentai@tadorhat, Assam, Indja
2000, 70-86.

[8] A. Md. Hossain,In: Forest, farm and community tree research pap@pecial issue),
(Winrock International Institute for Agriculturaldyelopment, Morrilton AR, 1997) 125-127.
[9] J. K. Kanwar, S. KumaAdv. Appl. Sci. Re2011, 2 (2), 357-366.

[10] M. Phukan, G.C. MitraTwo Bud 1983 30 (1/2), 54-58.

[11] M. Phukan;Two Bud 1992 39(1), 47-48.

[12] J. Mathur, S. Mukunthakumé®]ant Cell Tiss. Org. Cult1992 28, 119-121.

[13] R. K. Sinha, R. MallickPlant Cell Tiss. Org. Cult1993 32, 259-261.

[14] C. Pradhan, S. Kar, S. Pattnaik, P. K. Ch&tant Cell Rep 1998 18 122-126.

[15] A. S. Al-Wasel-,J. Arid Environ, 200Q 46 (4), 425-431.

[16] M. Anis, M. K. Hussain, A. Shahza@urr. Sci, 2005 88(6), 861-863.

[17] G. R. Rout, S. K. Senapati, S. Aparajétart. Sci, 2008 35, 22-27.

[18] V. Rajeswari, K. Paliwaln vitro Cell Dev. Biol.-Plant2008 44(2), 78-83.

[19] H. S. Chawla,Introduction to plant biotechnology, second editiddxford and IBH
Publishing Company Private Limited, New Del02

463
Pelagia Research Library



Ananya Borthakur et al Adv. Appl. Sci. Res., 2011, 2 (5):457-464

[20] A. T. Roy, In: V. Dhawan, P. M. Ganapathy, K.Khurana (Eds.Jissue Culture of forest
tree species-Recent researches in IUERC-TIFNET, Canadal 993, 9-17.

[21] T. Murashige, F. Skoo@hysiol. Plant1962 15, 473-497.

[22] B. K. Konwar, B.J. Bordoloi, R. K. Dutta, S.Das,Two Bud 1999 46 (2), 26-32.

[23] D. B. DuncanBiometrics 1955 11, 1-42.

[24] S. Singh, B. S. Tanwer, M. Khaidv. Appl. Sci. Res2011, 2 (3), 47-52.

[25] K. N. Chaudhari, S. Ghosh, S. JRé&nt Cell Rep 2004 22 731-740.

[26] N. Ahmad,S. A. Wali, M. Anis). Hort. Sci. Biotech2008 83 (3), 313-317.

[27] C. ikalan, S. Namli, F. Akbas, B. E. ARust. J. Crop Sci2011 5 (1), 61-65.

[28] M. Faheem, S. Singh, B.S. Tanwer, M. KhanSAahzadAdv. Appl. Sci. Re2011, 2 (1),
208-213.

[29] J. L. Vandermoortele, J. P. Billard, J. BoudaTh. Gaspar,Plant Cell Tiss. Org. Cult.
1996 44(1), 25-30.

[30] S. Shirani, M. Sariah, W. Zakaria, M. Mazi#@m. J. Agri. Biol. Sci201Q 5 (2), 128-134.
[31] M. Kumar, S. Singh, S. SingAsian J. Plant Sci. Re2011, 1 (1), 31-40.

[32] O. A. Lameira, J. E. B. P. PintoBraz. J. Med. Plan2006 8, 102-104.

[33] M. Azza, E. Sheikh, M. M. Khalafallént. J. Curr. Res201Q 6, 027-032.

464
Pelagia Research Library



