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Plant Regeneration from Shoot Tips-derived callusof Ginger
(Zingiber officinale Rosc.)

Abstract

A protocol was described to regenerate plants froncallus culture of ginger Eingiber
officinale Rosc). Callus cultures were induced from ginger shootips inverted cultured on semi-
solid MS medium supplemented with 2,4-D (0.5-1.0 mgg™) and BA (0.5- 1.0 mg [}). Maximum
callus induction was obtained on MS medium supplemmed with BA (0.5 mg L) either alone or
with 2,4-D (0.5 — 1.0 mg [), while the highest callus weight was on MS mediurrupplemented
with BA (0.5 mg L™ and 2,4-D (0.5 mg ). Induced callus was tested for regeneration on MS
medium supplemented with different concentrations b 2,4-D and BA and the best regeneration
was observed on anedium containing 2.5 mg ! BA. The regenerated plants were rooted and
successfully established in the field after few dayof acclimatization.
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Introduction

Zingiber officinale Rosc. (Ginger) of the familgingiberaceae is an important
tropical horticultural plant, values all over theond as an important spices for its
medicinal properties. Th&ingiberaceae is an herbaceous moderate sized family of
relatively advanced monocotyledonous plant of ttteoZingiberales. Zingiberaceous
plants are rhizomatous, perennial and aromatic sheften of large size, bearing
flowers either terminally on aerial leaf shootsfiam ground level (Kambaska and
Santilata 2009). Ginger’'s pungent aromatic rhizasneonsumed all over the world as
a spice, culinary herb, condiment, home remedy, amtlicinal agent (Guamet
al.,2010). It is vegetatively propagated through und®rgd rhizomes, with a very low
multiplication rate (Sharma and Singh 1997). Thenecmn problems in increasing
ginger production are soil-borne disease infectind degeneration of rhizomes (Guan
et al.,2010), and the breeding of ginger has been seveaghpered by poor flowering
and seed set (Kackat al., 1993), and even the rhizome cannot be storedofay
time as it is susceptible to fungal diseases, whibtéct the quality of tubers (Janet
al.,2007). In vitro culture techniques, especially meristem culturegvide an
alternative way of plant propagation and mainterasfadisease free germplasm banks
(Routs et al., 2001). There arenany reports on ginger tissue culture. Hoski and
Sagawa (1977) reportedat maximum six shoots per bud from vitro culture, with
low survival under field conditions. Organ culty&@harma and Singh 1997), somatic
embryogenesis (Kackat al., 1993)and(Lincy et al. 2009),organogenesis (Balai
al., 1992), protoplast culture (Geetétaal., 2000), microrhizorm production (Zhengt
al., 2008), shoot tips culture (Ayenesvval., 2012), rhizome buds cultured at different
size (Sathyagowri and Thayamini 20X)d germplasm preservation (Dekletral .,
1991) have been conducted. Ginger seed produdsornvas suggested by Uozusti
al., (1994) byin vitro propagation methodsoweverthese methods are not efficient,
expensive and do not meet ginger germplasm congamv@quirements.



The present work aimed to describe an efficientqua for; calli productionshoot
regeneration, keeping in view the potential actagainst various ailments and its
regeneration problems in natural environment. Micopagation of this medicinal
important plant was accomplished to provide stahleply of thein vitro raised
plantlets for the mass production for this impotrtaredicinal plant in Iragi Kurdistan
Region and to become a powerful tool for futurelss.

Materials and Methods

Callus Induction

This investigation wasonducted at Plant Tissue Culture Lab. at the $@ien
Research Center, Faculty of Science at the Uniyeo§iDuhok. Shoot tips ain vitro
cultured ginger on MS medium supplemented withmigdl BA were cut and placed in
inverted form on the culture medium. Various condions of 2,4-dichloro-
phenoxyacetic acid (2,4-D) and benzylaminopurinéd J§0.0, 0.5, 1.0 mg /l) in MS
medium containing 3% sucrose, 100 mg/isitol were evaluated for inducing callus.
The pH of the medium was adjusted to 5.7+ 0.1 wkhNaOH or HC] prior to the addition
of agar (7. 0) g/l. The medium was brought up ® final volume, subsequentl25 ml of
medium wasdispensed into 250 ml Mason jars and capped watbriess PVP covers and
fitted with rubber bunds. The medium was sterdizgy autoclaving for 15 mirat 121°C
temperatureunder 1.04 kg/cm? and allowed to solidify undeomotemperature.Three
explants were cultured in each vessel with fivelicaions. The cultures were
incubated in the culture room under 25+ 1°C temjpeeaand 16 hours daily exposure
to 1000 Lux cool white light, followed by 8 hour$ darkness. The results were
recorded after 8 weeks of culture.

Plant Regeneration

Two months old callus cultures were trans@rto MS medium supplemented
with BA (0.0, 2.5, and 5 mg/l) and 2,4-D ( 0.0, @&d 0.4 mg/l) either alone or in
combination. After eight weeks the shoots lengthmber of shoots and leaves/
explant were recordelhe plantlets were suppurated from the callus and cultured
on MS medium was supplemented with 2.5 mg/L kinetin for both multiplication
and rooting stages ( Toma et al., 2012).

Eventually, for hardening stage, a numberwafll and successfully rooted

plantlets were removed from culture vessels and thets were washed with distilled

water and immersed in Benlate fungicide (0.1% fornlinutes). Finally, they were

planted in pots containing steam sterilized soitore of peat moss:loam:stryrofoam
under tightly controlled atmosphere of the greersieo

Data Analysis

All the comparison between means was carriedaoabdrding to Duncan's multiple
range testH < 0.05) using a computerized program of SAS (SAB12.



Results and Discussion

After 10 days of culture, there was a notable enlargemennwarted shoot tip
with a whitish to browrncolour and fragile texture (Figur&, A). The callus growtl
was slow and highly sensitive to mechanical forcéragile, the surface was cover
with small hairy structureand-the-centaminationrate-was+
The calbgenic response of the shoot tips to various coimagons and combinatiol
of cytokinins and auxins ishowr in (Figure2) For callus induction the highest a
best callus induction (100%) was noticed on MS mmedcontaining BA either alor
or in combination with 2,8 (Fig. 1, B), while those devoid of BA showed lowt
response. Similarkird-oesultswere obtained by Malamugg al., (1991)anc Babuet.
al., (1992) where theyeportedthat 2, 4-D is the most effectivauxin for callus
induction in gingeand turmeric (Jala, 201.
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Figure (2): Effects of different concentrations of BA and 2, 4-D on callus formation
from shoot tips of Zingiber officinale.
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The highest callus weigh{..43 g showed in (Figure3) observed on M medium
supplemented with 0.5 mdgfiom BA and 2,4-0(Fig. 1, C)followed by MS medium
containing only BAat concentratior 0.5 mg/l (1.34 g) no significance differel
between the treatmentd/hile the least weig (0.17 g) was observesh MS medium
devoid of growth regulator:
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Figure (3): Effects of different concentrations of BA and 2, 4-D on callus weight from
shoot tips of Zingiber officinale.

The well developed, white and fragile callus waansferred to regeneratis
medium (Figure 3). The highest mean number of regenerated shoots
shoots/explanjswas observed on N media containing BA 2.5 mg/(Fig. 1, D)
followed by MS mediunmsupplemente with BA 5.0 mg/l which was 5. shoots/
explant, but didnot different significantl. Similar results wereecorded by (Jal
2013) they observethat 5.0 mg/l BAproduced thenighest number of shoots fol
callus inCurcuma attenuate, Yapinget al., (2013) recorded that BA combination w
NAA or TDZ was effective for shoot regeneration froantherderived -callus of
Curcuma attenuate. The MS medium fortified with BA and 2,4-Bhowedthe lowest
mean numbers of shoots. Similar results were recbiady Malamuget al. (1991),
where 1to3 mg/bf BA was the besconcentrations for shoogégeneration from callt
tissues. Babuwt al., (1992)state that 2, 4-D at lower concentratiould enhances
organogenesisSince there is no significant difference betweeh &d 5.0 m/I of
BA, ereit is advisable to u¢ the lowest concentration2-5-¥hgs-suitabk to reduce
the mass production cost.
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Figure (4): Effects of different concentrations of BA and 2, 4-D in No. of shoot \ explant
from callus culture of Zingiber officinale.

These results emphasize the importance of cytakimishooregeneratiorn in vitro
plant propagation. @okinins activate RNA synthes stimulate protein synthesis a
the activities of somenzyme. Generally, herbaceous plants are higlelgponsive t
BA treatments and most herbaceous species prodattdonmed shoots suitable fi
further shoot proliferation (Debergh and Zimmermb991).

On the other hand, the highest mean of shoot lef@®0 cm) (Figure5) and
highest mean of leavesumbe (5.0 leaves/ explant) (Figuré) was found i a
medium containing 0.2 mig2,4-D only without adding any cytokinins and this v
highly significant than all other mea

shoot length cm
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Figure (5): Effects of different concentrations of BA and 2, 4-D in shoot length (cm) from
callus culture of Zingiber officinale.
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Figure (6): Effects of different concentrations of BA and 2, 4-D in No. of leaves\ shoots from
callus culture of Zingiber officinale.

The shoots regeneratédm calli weretransfer and successfullpultiplied in 2.5
mg/l kinetin. Roots weralso formedin the same mediuror in phytohormon-free
medium These records are in agreement with those founddoyaet al. (2012) and
Kavyashree (2009\hich indicates that the endogencauxin level in the plant itse
is so sufficient that can form roots without applyiany exogenous auxi Plantlets
were successfully transplantedto pots aftersufficient development of rootto
establish the field conditiol and rhizome formation in the soil (Figy. E, F).




Figure 1 : A. shoot tip culture in inverted in MS medium, B. Callus induction in MS medium
supplemented with BA and 2,4-D after 8 weeks, C. gh callus weight in MS medium
supplemented with 0.5 mg/l BA and 2,4-D , D. platdts regenerated from the callus , E
Acclimatization of plantlets in the soil, F. Hardered plant ready for transfer to field with formed
rhizome .

Conclusion

It was concluded that it is possible to regenepddats from callus culture of
ginger ingiber officinale Rosc.), which is induced from ginger shoot tipplarts
and are suitable for propagation. Plant regenearatias successfully developed for
shoot tips-derived callus of ginger and these explanay be used according to their
higher rate of shoot multiplication. The plant regetion is varies dependent on
phytohormone concentrations. For ginger shootxamnts, the developed protocol is
suitable for micpropagation for future work.
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