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ABSTRACT

This study was conducted to develop an efficientiogol for mass propagation of Alpinia galanga Ixpants from

rhizome buds were cultured on Murashige and SkiMf) (medium supplemented with 6-Benzylaminopuriaé}B
alone (0 to 5 mg/l) or a combination of BAP (0 tang/l) and indole 3-acetic acid (IAA) (0 to 2 mgN)S medium
supplemented with a combination of 5.0 mg/l BAP 20dmg/l IAA or 3.0 mg/| BAP and 0.5 mg/l IAA prodd the
highest mean number of shoots per explant as caedparother concentrations. The best shoot length ebtained
on the medium containing 1.0 mg/l of BAP and 2.0l tdgA. Thus, combined effects of BAP and IAA inapcb
significantly the shoot growth and proliferation SMnedium supplemented with a combination of 5.0B#f? and

2 mg/l IAA gave the highest number of roots. Howdwagest roots per explant were obtained with /| BAP

alone. The proliferated shoots were green and hgatt appearance. Finally, healthy and completenfdawith well

developed roots were hardened, acclimatized andtgthin the field successfully with a survival rafe80%.
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INTRODUCTION

Micropropagation is the art and science of planttiplication in vitro. The process includes many steps like stock
plant care, explant selection and sterilizationdimenanipulation to obtain proliferation, rootirggclimation, and
growing on of liners. Micropropagation is used taltiply novel plants, such as those that have hgsretically
modified or bred through conventional plant bregdimethods.

The wealth of medicinal plants is an important agsé¢he flora of a state. As many as 1200 spesfanedicinal
plants are reported by S.C. Sinha (1996) and tbed lmedicinal uses of about 430 speices have betl Alpinia
galangais also one of the important medicinal plant of pan.

Galangal Alpinia galangg, a rhizome closely related to ginger family, ged to flavour Thai food. It pairs well
with many ingredients of Thai food that composeafonut, garlic, chili peppers, kaffir lime leavégsmeric, fish
sauce, tamarind and shallots. In Thailand, galaisgaéed in curry pastes, Tom-Yam (Thai soup) aadyrcurries.
Galangal rhizome has a wide range of applicatiotraditional medicine (Scheffer and Jansen, 199%ndrand
Eilerman, 1999). The traditional medicine from g@al can be used to cure skin diseases, indigestilic,
dysentery, enlarge spleen, respiratory diseasasecaf mouth and stomach, and systemic infectémkcholera. It
can also be used as an expectorant and after ctild8cheffer and Jansen, 1999)%Acetoxy-chavicol acetate and
1-acetoxyeugenol acetate from galangal were repaseghti-tumor substance (Itokaetal, 1987; Kondeet al,
1993). Essential oil from galangal was reporte@ @tential anti-carcinogen (Lam and Zheng, 199rget al,
1993). The essential oil from both fresh and driddomes of galangal exhibited the antimicrobiahdttes against
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gram-positive bacteria, yeast and some dermatophytee most active compound was terpinen-4-ol glEnsnd
Scheffer, 1985).

Like ginger, galangal is a ‘de-fisher’ and so appdeequently in fish and shellfish recipes. It l@aanique flavour
profile and is described as having more woody, ynead floral aroma than ginger. The potent odowranft
galangal are 1,8-cineole, linalool, geranyl acetategenol and chavicol acetate (Metial, 1995). Compounds
causing fishy odour have been extensively reviewdtse compounds are trimethylamine (Cadwalladeal,
1995; Proset al, 1998 and Fukanet al, 2002), 2,4,7-decatrienal (Meijboom and Stroib872; Karahadian and
Lindsay, 1989; Karahadian and Lindsay, 1998);4-heptenal (Karahadian and Lindsay, 1990; Haseet al,
2000),trans,cis2-4-heptadienal (Hartvigsest al, 2000), dimethyl trisulfide, 4-ethyl-6-hepten-Beo(Fukamket al,
2002) andE,2)-2,6-nonadienal and 1-penten-3-one (Venkateshvedrdl, 2004).

Galangal is a good source of natural antioxidarie. search for natural replacements for synthetiiogidants has
been increased because of the requirement to raédy standards. The natural antioxidants presefibed and
other biological materials have attracted constoleranterest because of their presumed safety astdnpal
nutritional and therapeutic effects. Potent souafemtioxidants have been searched in severat platerials.

MATERIALSAND METHODS

Fresh rhizomes of galangdlpinia galanga were collected from different districts of ManipThe explants were
washed thoroughly under running tap water to remadhering soil particles. To control the microbial
contamination, a composite approach of washingipants first with 60% Clorox and addition of 6&alrops of
Tween 20 for 30 min was employed. Subsequentlyeimants were thoroughly washed once with steligélled
water. Sterilized explants were then dissecteéitaoive one layer of leaf sheaths under aseptic tonsli Then, the
excised explants were immersed again in 20% Cluwaiitix the addition of 6 to 7 drops of Tween 20 foother 15
min and thoroughly washed seven times with Isted distilled water. Outer leaves were
removed aseptically and explants of 1 mm weaoeulated on basal Murashige and Skoog (MS) medium
supplemented with combination of KIN (3 mg/l), BA-8 mg/l), IAA (0.5-1.0 mg/l), IBA (1.0 mg/l), NAA0.5-2.0
mg/l) and Ads (100 mg/l) for culture establishméFtie sucrose amount in the media was 30 gm/It gad @8%
was used as basal. All experiments were conduatdiga replicas for each treatment. The pH of thediam was
adjusted to 5.7 before adding agar and was autdlay121C and 105 kg/cm2 of pressure for 20 minutes. Adl th
cultures were incubated at 25 ¥Clunder white fluorescent light with fGmole m? s? light intensity during a
photoperiod of 16:8 h light and dark cycles. Thevitro derived shoots were cultured on medium [MS +KIN (3
mg/l) + BA (3 mg/l) + NAA (1 mg/l)] for proliferatin and multiplication. Further these plantlets weukured on
rooting media containing Benzyladenine (1 mg/l) dmdblebutyric acid (1 mg/l) and the maximum numbgroot
produced was 7.8 £ 0.3.

Plantlets with well developed roots were removeamfrthe medium, then washed thoroughly under runtepg
water to remove adhering solid MS medium, and plamged to plastic pots containing sterilized peass soil and
kept in a 50% shaded net house. The plants werered\by a transparent perforated polyethylene bragsder to
maintain a high humidity and to avoid plant dehtidraby water loss. The plants were frequently wedeo keep
high level of humidity. The polyethylene bags wéren removed after 7 days and the plantlets werkn@atized
for another three weeks.

RESULTSAND DISCUSSION

The explants oAlpinia galangacultured on MS medium supplemented with differemcentrations of BAP alone
(0.0, 1.0, 3.0 and 5.0 mg/l) or in combination wWi#A (0.0, 0.5, 1.0 and 2.0 mg/l) produced bothatiscand roots,
simultaneously whereas, roots induction was low#&0) for explants cultured on MS medium contajnimigher
concentrations of BAP alone (5 mg/l) and highe3t1Q) in medium containing combination of 5 mg/IBAP and

2 mg/l of IAA (Table 1) Such type of simultaneous production of shoot avatsr were reported earlier f@.
zerumbetby Stanly and Keng (2007) and on other Zingiberacgzecies (Balachandran et al., 1990; Chan and
Thong, 2004; Yusuf et al., 2011). This study sutgésat the use of combination medium will shorttes time for
plant regeneration. When BAP was used alone, thénmuan number of shoots (3.6) was obtained from ax{sl on
MS medium with 5 mg/l BAP. With an increase in ttancentration of BAP, the number and length of shper
explant increased (Table 1). Therefore, it appteatsa higher concentration of BAP would have atpaseffect on

in vitro shoot multiplication ofAlpinia galanga The proliferated shoots were green and healttappearance. The
role of BAP in shoots proliferation has been repdrin other Zingiberaceae species (lkeda and Tam@®9;
Balachandran et al1990; Smith and Hamil, 1996; Rout et, #001; Panda et .al2007; Mohanty et al., 2011,
Abdelmageed et al.,, 2011).The presence of BAP & ih the medium markedly improved the number of
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proliferating shoots. Besides the number of shdotiuced, BAP and IAA accelerated mean shoot length
considerably (Table 1). The highest shoot multgglmn was found in the medium containing 5.0 mgiFB+ 2.0
mg/l IAA and also 3.0 mg/l BAP + 0.5 mg/l IAA, whicproduced nearly 5.65 shoots per explant, whetéas,
longest shoots length (9.64) were obtained on thdiancontaining 1.0 mg/l of BAP + 2.0 mg/I of IAA@&5.0 mg/l

of BAP + 2.0 mg/l of 1AA, respectively (Table 1}. was observed that cytokinin was required in optinuantity
for shoot proliferation in some species of Zingdmae, but inclusion of low concentration of auwaisng with
cytokinin triggered the rate of shoot proliferatiRout and Das, 1997; Sharma and Singh, 1997)héuyrStanly
and Keng (2007) reported that MS medium supplendentth 6 mg/l BAP induced the formation of multigboots

of Alpinia galanga Earlier, it was reported that the highest numhsrshoots were obtained on MS medium
supplemented with 5 to 10 mg/l BAP fradingiber officinaleRoscoe (Noguchi and Yamakawa, 1988). Faria and
lllg (1995) noted that the addition of 2.25 mg/l BAP with 1.0 mg/l of IAA induced a high rate of it
proliferation of Zingiber spectabile For Curcuma haritha Bejoy et al. (2006) found that the best shoot
multiplication and root system were achieved on t&lium supplemented with 1.0 mg/l of BAP and 0.5Irafy
IAA. This results indicate the importance of IAArhmone in the induction of roots. Moreover, Anishagt(2008)
reported that MS medium supplemented with I1AA &t g/l in a combination with BAP seems to be optimior
rooting of Boesenbergia pulcherriman the same trend, Vincent et al. (1992) reported the highest number of
shoots per explant was obtained with cultured axilbuds ofKaempferia galangabn MS medium supplemented
with 0.50 mg/l of BAP and 3.0 mg/l kinetin after@&8ays of incubation. MS medium supplemented witinggl
BAP and 2.0 mg/l 1AA produced significantly the hast mean number (17.10) of roots per explant €rapl
whereas, MS medium supplemented with 1.0 mg/l BA&tlpced the longest roots (5.40) per explant foldvay
MS medium without growth regulators (4.95) (Tab)€eTRis results indicate that IAA promoted the grbwf roots.
Higher concentration of auxin, in the range thatnmally stimulates elongation of shoots, causesgaifstant
inhibition of root growth (Hopkins and Huner, 200Bgjoy et al. (2006) found that the shoot multgtion and root
systems were obtained on MS medium supplementdd W@t mg/l of BAP and 0.50 mg/l of IAA. This resust
comparable to this study, which indicates the ingooze of IAA hormone in the induction of roots. Acding to
Anish et al. (2008), MS medium supplemented wittAlAt 0.50 mg/l in combination with BAP seems to be
optimum for rooting oB. pulcherrima In this study, the IAA hormone was found to havpositive effect on root
induction, especially when used in combination vB#P. According to Sharma (2006), IAA and IBA arsually
used for easier-to-root herbaceous plants and N#Arfore recalcitrant woody plants, and they memtibthat the
efficacy of different auxins also depends on thplants type and exposure to light. The number tforhes per
explant showed significant differences among thtedint treatments (Table 2). The highest numbethifomes
formed was obtained on MS media supplemented Wihdllowing combinations: 5.0 mg/l BAP + 0.5 IAAgh,

5.0 mg/l BAP + 1.0 mg/l IAA and 5.0 mg/l BAP + 2m0g/l IAA, respectively. This result is comparabtethose
noted on other Zingiberaceae species (Rout et28D0; Anisuzzaman et al., 2008). This study rekdlet

rhizomes induction i\Ipinia galanganeeds further works.

’

Fig.1. (A) Collecting Site (B) Explant showing shoot initiation from axillary bud

With regards to number of leaves per explant, MSlioma containing 5.0 mg/l BAP + 2.0 mg/l produced
significantly the highest number of leaves per arfd (6.65) (Table 2), which indicate that cytokimione or in
combination with auxin (BAP and IAA) had a signditt response on the number of leaves per explathi®f
species. This result confirmed earlier finding8Bofthakur et al. (1999) fohklpinia galangal,Yusuf et al. (2011) for
Boesenbergia rotundand Waseem et al. (2011) féhrysanthemum morifoliutn Acclimatization of plantlets can
be considered as one of the most important phatssimne culture techniques.
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Table 1. Effect of growth regulatorson in vitro multiplication of the number of shoots, shoot length and number of roots of Alpinia
galanga grown on MS medium

Sl. No. PGRs (mg/l) No. of shogt Length of shgot . Nbroot

1 MSO 2.06° 2.80 4.50

2 1.0 BAP 2.00 3.30 6.20

3 3.0 BAP 3.30 5.20 11.10

4 5.0 BAP 3.60 3.30 4.30

5 1.0 BAP + 0.5 IAA 4.06 757 13.9¢

6 1.0 BAP + 1.0 IAA 4.00 757 13.76° |
7 1.0 BAP + 2.0 IAA 4.20 9.64 13.80°

8 3.0 BAP + 0.5 IAA 5.70 9.20" 12.80°

9 3.0 BAP + 1.0 IAA 4.89 8.29° 12.4(%°
10 3.0 BAP + 2.0 IAA 5.10 7.75° 15.8%
11 5.0 BAP + 0.5 IAA 5.30 8.25¢ 14.90
12 5.0 BAP + 1.0 IAA 5.45 8.87 16.10
13 5.0 BAP + 2.0 IAA 5.65 927 17.16

*Means followed by the same letter(s) within easluimn are not significantly different at$0.05, according to Duncan’s multiple range test
for each parameter. PGRs, plant growth regulator.

Table 2. Effect of growth regulatorson in vitro multiplication of length of roots, number of rhizomes and number of leaves of Alpinia
galanga grown on MS medium

Sl. No. PGRs (mg/l) Length of rogt  No. of rhizonmpe o0.Nf leaf
1 MSO 4.98” 1.10 2.10
2 1.0 BAP 5.40 1.20° 2.85
3 3.0 BAP 4.7% 1.50 3.307
4 5.0 BAP 2.30 1.40 3.40
5 1.0 BAP + 0.5 IAA 3.29 1.50 4.45°
6 1.0 BAP + 1.0 IAA 3.7% 2.08 4.45
7 1.0 BAP + 2.0 IAA 4.1% 210 4.25
8 3.0 BAP + 0.5 IAA 3.10 2.08 4.45°
9 3.0 BAP + 1.0 IAA 3.57 2.10 4.85%
10 3.0 BAP + 2.0 IAA 3.85 2.08 5.10¢
11 5.0 BAP + 0.5 IAA 3.9% 3.17 5258
12 5.0BAP + 1.0 IAA 4.16 3.08 550
13 5.0 BAP + 2.0 IAA 4.25 3.07 6.65

*Means followed by the same letter(s) within eachucwi are not significantly different at40.05, according to Duncan’s
multiple range test for each parameter.

CONCLUSION

In this investigation, the mortality rate of theaptlets with well developed roots that were acclineal and
hardened was low. On average, 80%mofitro transferred plantlets survived in potted soil aifd bt show any
morphological abnormalities. This protocol is apsterward towards improvement of the propagatiorAfifinia

galanga which have a very important medicinal value.
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