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ABSTRACT

With a view to overcome the hurdles of a conveationethod of propagation of the leguminous trekbjzaia
chinensis (Osbeck) Merr., in vitro approaches beearacessary for selection of genotypes. A studyundesrtaken
to determine the amenability of apical buds fromvitno seedlings for direct shoot regeneration.dahieve optimal
conditions for shoot proliferation, the explantsrr 7-days-old seedlings were cultured on Murashige Skoog
(MS) basal medium supplemented with 6- benzylamnrg (BAP) and kinetin solely or in combinatiorfdoth at
different concentrations. The highest regenerafrequency was obtained with 1 mgBAP in which 76.67% of
the apical buds responded with an average of 4ébtshper explant and shoot length of 2.10 + 0.05.cKinetin
was found to be ineffective for shoot proliferatishether incorporated singly or in combination wBAP. Rooting
of the microshoots was tried in growth regulatozdras well as indole-3-acetic acid (IAA) or ind8kbutyric acid
(IBA) fortified half strength MS media. Highest tiog (58.33%) of the in vitro regenerated shootswaluced in
half strength MS media incorporated with 1 ifdAA with an average of 2 roots per shoot. Soilvi@s the best for
acclimatization and establishment of the rootechpies, as compared to the other potting mixtufidse plantlets
showed a survival percentage of 43.33%.
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INTRODUCTION

Albizzia chinensig¢Osbeck) Merr., a member of the family Fabaceaeyscnaturally in India, Myanmar, Thailand,
China and Java. It is a native of mixed deciduauedt in humid tropical and subtropical monsoomates. It is
grown extensively in tea plantations to providedghand improving fertility of the soil [1]. It islso used for
reforestation of degraded lands where organic nearsumsufficient, produces fuel and timber andrsexcellent
fodder for cattle [2]A. chinensiss planted for slope stabilization and in Bangldddeke Garo agroforestry system
incorporates A. chinensisfor shade, weed growth suppression and ecologstetainability Kttp://www.
worldagroforestrycentre.org). Herbal medicines rmo&v being increasingly used for treatment of défé human
disorders [3] andA. chinensiglays an important role as a medicinal plante Bark of this tree is used for
treatment of scabies and skin diseases [4]. Thé&famdus nature of this tree has led to its oveleitation for use
as fuel, fodder and timber [2]. But no much effioals been made for conservation and genetic imprentof this
species.

Presently, the selected genotypes Aof chinensiscarrying desirable traits trees are raised fromdsedut
propagation by seeds is faced with the problemattatks by thrips which prevent flower opening gndng pods
being damaged by beetles and larvae of varioushimtsic A conventional method of vegetative propamatior
establishment of clonal banks and large scale piighition of selected materials could not be devetbforA.
chinensiseven after a series of systematic experimentatsdmg stem and root cuttings [5, 6.vitro regeneration
systems are viable alternatives to conventionaktaiye propagation methods [7]. Thevitro regeneration of
plants from cells or tissués useful for large scale production of selectexdogges and commercialization of clonal
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plants. Suclin vitro systemsrovide a source of genetically homogenous celistessues and are able to regenerate
shoots which can be rapidly and efficiently profgadeeither by organogenesis or somatic embryogenésinetic
transformation is a viable technique for makinggéted single trait improvement in clonally prop@&gaplants [8].
The regeneration of plants from cells or tissuethésinitial requirement for introduction of geretiariation by
genetic transformation without which no genetic ioyement of any species is possible.

There are reports on the success of dimeatitro shoot regeneration without callus induction indedgnous trees
like Albizzia odoratissimg9, 10], Albizzia chinensig11], Bauhinia variegataand Parkinsonia aculeatg12],
Albizzia falcataria[13], Dalbergia sissoq14], Acacia seyaJ15], Pterocarpus marsupiufi6] andAcacia chundra
[17].

Induction of callus andh vitro plant regeneration oA. chinensishas been reported from cotyledonary segments
[18]. But successful soil establishment of the edoplantlets could not be achieved due to prematef@iation of
leaflets. Direct shoot regeneration &f chinensiswas reported from tissues of the transitional defaveen the
hypocotyl and radical fronin vitro grown seedlings [9]. But this work also does ngpport any evidence of
hardening of the rooted plantlets. Here we prefarthe first time a report on the direct organaggs andn vitro
shoot regeneration d&. chinensisfrom apical buds oin vitro seedlings without the formation of an intervening
callus phase, acclimatization and establishmetti@plantlets in soil. Thim vitro regeneration system developed in
this study can be used for effective propagatiosedécted genotypes and can be an ideal sourcenabdenous
material for regeneration of genetically modifiderms.

The aim of the present study is to investigate twiethe apical buds from vitro-raised seedlings @&. chinensis

can be utilized as reliable sources for mass prtpay of this species throughout the year in ortdemeet its

increasing demand and also for commercializationselected genotypes. The vitro regeneration system
developed in this study was efficient for direcbshregeneration, rooting and acclimatization aingliets.

MATERIALSAND METHODS

Sour ce of plant material and preparation of explants

Dried, mature seeds were collected from the tedeyer of Barbheta Division of Tea Research Assaxiafi he
seeds were washed thoroughly with running tap wartdrfew drops of a commercial detergent ‘Noci¢ttional
Organic Chemical Industries Limited, Mumbai, Malsntaa, India) for 5 min and then rinsed three timéth
distilled water. This was followed by surface dieation of the seeds with 0.1% (w/v) solution oérouric chloride
for 10 min with gentle shaking. The seeds were thdysequently rinsed three times with sterile Ithstiwater and
germinated aseptically. For multiple shoot prolfesn, the apical buds from 7-d-dlil vitro seedlings were excised
and cultured horizontally on shoot regeneration iomad

Culture medium for ger mination and optimal proliferation of shoots

Germination of seeds was carried out on half sttemdurashige and Skoog (MS) medium [19] containiadf
strength of the MS macro and micro salts. The \iit@msucrose and myoinositol were as per the aigin
compositions of MS media. Plant growth regulatorsravnot used for seed germination. For multipleosho
proliferation, MS basal media was used containiagous concentrations of either BAP (0.25, 0.5501.0, 1.25
mg ) or kinetin at the same concentrations singly mrcombination of both. MS medium without growth
regulators was used as control. The pH of the nmedias adjusted to 5.6 with 1IN NaOH or 1N HCI and th
medium was solidified with 0.8% agar (Himedia, Mwahlndia). The medium was sterilized by autoclaviar 20
min at 121°C. Each treatment was tried with 20 @&xsl and repeated thrice. The proliferation wasuatad 30
days after the beginning of the experiment andpémreentage of explants producing shoots, the numbshoots
per explant and length of shoots were recorded.

Culture conditions

The cultures were maintained at 25 + 2°C under fight photoperiod with a photosynthetic photorxfllensity of
37.40 pmol nif sec! provided by Photosynthetically Active RadiationAf® sources and cool white fluorescent
tubes.Regular subculturing of the cultures to fresh medivas carried out at 4 weeks interval.

Effect of different auxinsand their concentrations on in vitro rooting of the microshoots

Actively growing shoots with two or three leavesrav@ised for induction ah vitro rooting. The rooting medium
was composed of half strength MS medium with anhouit auxins like IAA or IBA at concentrations of2b, 1
and 0.75 mg}. Medium sterilization and culture conditions wererigal out as described previously for shoot
proliferation experiments. Twenty microshoots wased for each treatment. After 30 days of cultthie,rooting
percentage, number of roots and length of rootsqueted shoot were recorded and statistically eatatl
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Hardening and pot establishment of the plantlets

Complete plantlets with well developed shoot arat systems were transferred to a hormone free naininedia of
pH 5.2 supplemented with sucrose 7.5 gahd solidified with 10 g agar [20]. The flasks with rooted plantlets
were kept outside the culture chamber and undenn@wnperature (30°C) for one week. The plantletsevitben
removed from the culture flasks, washed with tagew&o remove all agar particles adhering to thetsand
transferred to small earthen pots filled with ssdjlrite (Allied Scientific Products, Kolkata, WeBengal, India) or
mixtures of sand: soil (1:1 and 1:2). The pots weoeered with transparent polythene bags to keepaih
surrounding the plantlets saturated with moisturé tne plantlets were kept in the dark for 10 dagder room
temperature. Thereafter the plantlets were exptisedfused light conditions. The plantlets wenegated with tap
water and the polyethene bags were completely recthafter 3 weeks.

Experimental design and statistical analysis

All the experiments were conducted in a completelygdomized block design (CRD) with twenty explap&s
treatment and each treatment was repeated thria@ @ percentage of explants regenerating shootsber of
shoots per explants, and length of the shoots vemrerded at 30 days interval in shoot proliferatexperiments.
Rooting experiments were also evaluated after 3 daterval and data were recorded on number ofetbo
microshoots, the number of roots per shoot andtheafjthe roots. Hardening of plantlets was evadaifter 30
days of transfer to pots and percentage of surdgfalantlets was recorded for different pottingxtures. The data
were subjected to one-way analysis of variance (WRPwith 5% significance levelo analyze the influence of
different treatments. The mean comparisons wergedaput by Duncan’s Multiple Range Test [21]. Theast
significant difference test (LSD) was used to stdifferences between different treatments.

RESULTSAND DISCUSSION

Germination of seeds and effect of cytokinin concentration for in vitro shoot regeneration

The seeds exhibited 90% germination after 2 daymofulation on half strength MS medium. The seai
obtained a height of 7-8 cms after 7 days with 2 teaves (Figure 1a). The apical buds were exdisad the 7 day
old seedlings and cultured vertically on MS medippemented with different concentrations of BAR &metin.

In the present study, after 15 days of cultureessvshoot bud primordia developed from the basgion of the
apical bud but no induction of any callus was obseér Shoot proliferation was more pronounced in iiia with

1 mg " BAP. Kinetin failed to induce any positive effeatshoot bud induction whether incorporated alon&or
combination with BAP. The response of apical buplaxts in MS medium supplemented with BAP and kmat
different concentrations is represented in tabl&ld.response was observed in MS medium withoutt aowth
regulators. Significantly highest response (76.6Wi#) 4-6 shoots/explant (P<0.05) by ANOVA was sihow MS
basal media fortified with 1 mg' BAP. The shoots elongated up to 1-3 cms in heigigufes 1 b and 1c) within 30
days of culture and average shoot length recorded2:0 + 0.05 cms in this medium. On the othedhanly 3-4
elongated shoots of length 10 mm to 30 mm was bdthfrom cotyledonary explants Afbizzia chinensiafter 42
days of culture in MS medium incorporated with 4 iHgBAP [18]. Multiple shoot bud initiation oAlbizzia
chinensisvas observed from the transition region betweerobgtyl and radicle in MS medium supplemented with
BAP 1 mg I* after 40-45 days of culture [11]. On the contrdrythis study, shoot buds were induced in MS
medium containing 1 mg'lBAP within 30 days of culture.Media compositionedsin tissue culture studies
accounts to a large proportion of any vitro mass propagation protocol [22]. The incorporatdmBAP in the
medium has been found to induce a promoting efectmultiple shoot proliferation of apical buds ather
leguminous trees lik@lbizzia odoratissim#9], Acacia seya[15] andAcacia chundrg17]. In the present study, a
decrease in rate of shoot proliferation was obskaténcreased concentration of BAP. An inhibiteffect on shoot
multiplication at higher concentrations of BAP teso been found by other workers [23, 24, 25, 2Bictv agree
with our observations. A decline in the shoot regation frequency was also recorded at low conatatrs of
BAP. No response could be obtained in MS mediunpleupented with only kinetin. When the BAP 1 nigwas
combined with different concentrations of kinetimp enhancement in shoot proliferation was obtairgtdnted
growth of shoots was also observed with kinetineaddhedia. Thus, kinetin was antagonistic to shoolifpration
in our studies. The inefficacy of kinetin for shqubliferation rate was also observedPeatroselinum crispurf27],
banana [28] andloe vera[29] which are in agreement with our findings.

The apical buds from the microshoots when isolated subcultured in 1 mg' IBAP fortified MS medium, also
proliferated in the same manner like the motheca@ud producing an average of 5-6 shoots peahpiad within
30 days. Thus it was possible regenerate an avefa?fe-30 shoots from one mother apical bud withiperiod of
60 days. In contrast, an average of 19 + 1.4 shaetre obtained from cotyledonary explants after skcond
subculture which was carried out in MS medium cimiig a combination of 1 mg'IBAP and 0.5 mg’ IAA [18].
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Tablel Effect of cytokininson shoot multiplication from apical buds of Albizzia chinensis after 30 days of culture

Growth regulators (mg/l) MS
BAP Kinetin Percentage of explants No. of shoots Length of shoots
regenerating shoots (mean + SEper explants (mean + SE) (cm) (mean + SE)
1.25 - 43.33+7.6b 2.1+0.5b 1.82+0.14b
1.00 - 76.67 £5.8a 5.2+0.6a 2.10 £0.05a
0.75 - 38.33 +2.9bc 1.3+0.5c 1.47 +0.05cd
0.50 - 35.00 £5.0c 1.3+0.4c 1.40 + 0.10cd
0.25 - - - -
1.00 1.00 31.67+2.9c 1.2+0.4c 1.27 +0.06d
1.00 0.75 36.67 = 2.9bc 1.3+0.4c 1.30+0.12d
1.00 0.50 43.33+2.9b 2.0 +0.6bc 1.45 +0.05cd
1.00 0.25 43.33+2.9b 2.0 +0.6bc 1.57 £0.27c

The values represented within the columns are #naSE of three replicated experiments with 20axsl per treatment. The values followed
by different letters are significantly different &<0.05.

Rooting of the regenerated shoots

The regenerated microshoots (5-6 cm), with 2-3deawhen excised and cultured in plant growth ggulfree
half strength MS medium as well as in the mediwpptemented with IBA and IAA exhibited root induanti
(Figure 1d). Root induction was achieved from theebof the microshoots after 30 days of culture Bést rooting
response of 58.33% after 30 days of transfer cbeldbtained in half strength MS medium fortifiedhWiAA 1 mg
It (P<0.05) with an average of 1-3 roots per shootthrdength of the roots ranged from 1.97 to 3.8i8 ¢Table
2). At the same concentration IBA showed a redymerdentage of rootindn vitro rooting is generally promoted
by the presence of an auxin in the medium. In #méie reports also, rooting of this species watainled in MS
(half) medium incorporated with 2.5 mg IBA [11] and in MS medium supplemented with 2.0 KgBA [18].
However, in our studies IAA was found to be supettian IBA for root induction. IAA was found to tetter than
other auxins irHedeoma multifloruni30] andCardiospermum halicacabuf81]. In our studies, addition of IAA at
higher concentration lowered the percentage oimgoOur results are in agreement with those obthinPsoralea
corylifolia where high concentration of IAA was found to regltize percentage of rooting and elongation [32].

Table 2 Effect of half strength M S media supplemented with different concentrations of auxinson root
induction from microshoots of A. chinensis after 30 days of culture

Auxins Percentage of rooting (%) No. of roots Length of roots (cm)
IAA  IBA (mean * SE) per explants (mean + SE) (mean + SE)
- - 16.67+5.8 20+0.0 1.91+0.52
1.25 46.67+7% 20+0.0 1.92+0.38
1.0 46.67+738 20+0.0 2.01+0.58
0.75 35.00+5.0 1.0+0.0° 1.85+0.30
1.25 - 46.67+7% 20+0.0 1.98£0.30
10 - 58.33+7.8 20+10 2.62 +0.68
0.75 - 46.67£78 20+0.0 1.87 £0.32

The values represented within the columns are #naSE of three replicated experiments with 20axsl per treatment. The values followed
by different letters are significantly different &<0.05.

Hardening of therooted plantlets

The hardening success of the plantlets was highestilrite (43.33%), as compared to the otheripgtmixtures
(P<0.05) (Figure 1e). The percentage of survivgblaflets was found to be minimum in soil alonel{lEa3). The
plantlets exhibited normal growth as compared &iritvivo grown seedlings. The earlier repootsin vitro studies
of A. chinensiglid not support any evidence of successful traraffetantlets to soil [11, 18].

Table 3 Hardening of in vitro derived plantlets of A. chinensisafter 30 days of transfer to potting mixtures

Potting mixture  Response (%)
Soil 8.33+2.89
Sand:soil (1:1) 13.33+2.89
Sand:soil (2:1) 20.00 = 0
Soilrite 43.33£2.89
The values represented within the columns are #enaSE of three replicated experiments with 20 axsl per treatment. The values followed
by different letters are significantly different &<0.05.
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Fig. 1. Invitroregeneration of shoots from apical buds of A. chinensis

(a) In vitro grown seedling

(b) In vitro regenerated shoots from apical buds after 21 diagsliire
(c) In vitro regenerated shoots from apical buds after 30 dfgslture
(d) In vitro rooting of the microshoots

(e) Plant established in pot

CONCLUSION

Tissue culture studies dhchinensisare very scarce. The protocol developed in thidysfar in vitro propagation
of A. chinensisvas simple, highly efficient, rapid and reprodueiblt would be a promising step in developing
technologies for the clonal propagation and gertedicsformation of this species to generate plaiitts desirable
traits like uniform shade canopy, disease and msistance, etc. The protocol was optimized by mdations of
different concentrations of cytokinins for shoogeeeration. BAP was highly influential in promotimgultiple
shoot proliferation. In the rooting stage, IAA peavto be the better auxin than IBA for vitro rooting. Rooted
plantlets were best acclimatized in soilrite. Hoem\there is scope in improvement of the technifuebetter
multiplication of shoots and acclimatization of thevitro derived plantlets.
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