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CallusInduction and Plant Regeneration from Shoot Tips of Ginger
(ZingiberofficinaleRosc.)

Abstract

A protocol was described to regenerate plants from callus culture of ginger
(ZingiberofficinaleRosc). Callus cultures were induced from ginger shoot tips inverted
culturedon semisolid MS medium supplemented with 2,4-D (05 1.0mg L™ and/or BA (O 5-1.0

(05mgL™ and 2,4 D (0.5 mg L™). Induced callus was tested for regeneration on M'S medium
supplemented with different concentrations of 2,4-D and BA.The best plant regeneration was
observed on amedium containing 2.5 mg L™ BA. The regenerated plants were rooted and
successfully established in thefield after few days of acclimatization.
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Introduction

ZingiberofficinaleRosc. (Ginger) of the familgingiberaceaeis an important tropical
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horticultural plant, values all over the world asimportant spices for its medicinal
properties. TheZingiberaceaeis an herbaceous moderate sized family of relatively
advanced monocotyledonous plant of the order Zinglbsr Zingiberaceous plants
are rhizomatous, perennial and aromatic herbs oftdarge size, bearing flowers
either terminally on aerial leaf shoots or from grdlevel (Kambaska and Santilata
2009). Ginger’s pungent aromatic rhizome is consuniiealar the world as a spice,

culinary herb, condiment, home remedy, and medicgant (Guaret al.,2010). It
is vegetatively propagated through underground rhexy with a very low

multiplication rate (Sharma and Singh 1997). Thewewn problems in increasing
ginger production are soil-borne disease infection dadgeneration of rhizomes

(Guanet al.,2010), and the breeding of ginger has been seveashpéred by poor

flowering and seed seiKéckar et al., 1993), and even the rhizome cannot be stored
for long time as it is susceptible to fungal disea\ssmch affect the quality of tubers

(Jamilet al.,2007)-

eveieemesuehqeiceblemsln V|tro culture techniques espemally meristem culture

provide an alternative way of plant propagation amaintenance of disease free
germplasm banks (Raaital., 2001). There aréew-many reports on ginger tissue

culture. Fhe-first-was-byHoski and Sagawa (197Whe-reportedthat maximum six
shoots per bud frorim vitroculture, with low survival under field conditions. gan
culture (Sharma and Singh997, somatic embryogenesis (Kackiaml., 1993)
and(Lincy et al. 2009 organogenesis (Babual., 1992, protoplast culture (Geetda

al., 2000, microrhizom production (Zheng al., 2008), shoot tips culture (Ayenew
et al., 2012), rhizome buds cultured at differeae sjSathyagowri and Thayamini
2011)and germplasm preservation (Deldteal., 1991) have been conducted. Ginger

seed production also was suggested by Uogiuahi, (1994) byin vitro propagation



| methods but-howevethese methods are not efficient, expensive and dameet
ginger germplasm conservation requirements.
The present work aimed to describe an efficient paltdor; calli production;

| shootetss regeneration, keping in view the potential actgainst various ailments
and its regeneration problems in natural environméfitropropagation of this
medicinal important plant was accomplished to progdble supply of then vitro
raised plantlets for the mass production for this irgrdrmedicinal plant in Iraqi
Kurdistan Region and to become a powerful tool éburfe studies.

Materials and Methods

CallusInduction

This investigation wasconducted at Plant Tissukuf@uLab at the Scientific
Research Center, Faculty of Science at the Unives§iBuhok. Shoot tips dh vitro
cultured ginger on MS medium supplemented with 1.0 B were cut and placed
in inverted form on the culture medium. Various corictions of 2,4-D and BA
(0.0, 0.5, 1.0 mg /1) in MS medium containing 3% rese, 100 mg/l inisitol were
evaluated for inducing callughe pH of the medium was adjusted to 5.7+ 0.1 wWith
NaOH or HC| prior to the addition of agar (7. 0) g/l. The mediwas brought up to the final
volume, then-subsequently, 25 ml of medium wdspensedat-25-miratesinto 250 ml
Mason jars and capped with colorless PVP coverdfigad with rubber bunds. The medium

| was thensterilized by autoclaving fp[ 15 min. under 1.04dg? and allowed to solidify _ - ‘(Comment [DU3]: Indicate the temperature
under room temperature. usec

Plant Regeneration

Two months old callus cultures were transtéii@ MS medium supplemented
with BA (0.0, 2.5, and 5 mg/l) and 2,4-D ( 0.0, @2d 0.4 mg/l) either alone or in
combination. After eight weeks of culture the slsoleingth, number of shoots and
leaves/ expant were recordéithe plantlets were suppurated from the callus and
cultured on MS medium was supplemented with 2.5 mg/Lkinetin for both
multiplication and rooting stages ( Tomaet al., 2012).

Eventually, for hardening stage, a numberwefl and successfully rooted
plantlets were removed from culture vessels and thaitsravere washed with
distilled water and immersed in Benlate fungicidel%®.for 10 minutes). Finally,
they were planted in pots containing steam steriliz@itl mixture (Peatmoss+ loam+
Styrofoam
1:1:0.5, v: v: v) under tightly controlled atmosphef the greenhouse.

Data Analysis

Three explants were cultured in each vessel viith fleplications. The cultures
were incubated in the culture room under 25+ 1%@perature and 16 hours daily
exposure to 1000 Lux cool white light, followed byh8urs of darkness. The results
were recorded after 8 weeks of culture.



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

Results and Discussion

After8-10 days of culture here was a notable enlargement of inverted shp®
with a whitish to browreelercolour and fragile texture (Figuré;1 A). The callus
growth was slow and highly sensitive to mechanicede or fragile, the surface w
covered with small hairy structt and the contamination rate was rare.

The caulogenic response of the shoot tips to varamncentrations and combinatic

| of cytokinins and auxins is shown ifFigareFigured For callus induction th
highest and best callus induction (100%) was nd on MS medium containing B.

| either alone or in combination with :-D (Fig. 61, B), while those devoid of B,
showed lowest response. Similar kind of resultsewabtained by (Malamiet al.,
1991), when they observed that BA and-D combinations were Isé for callus
induction.( Babet.al. 1992) emphasized that 2-D is the best auxin for callt
induction in ginger and turmeric (Jala, 201
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Figure (22): Effects of different concentrations of BA and 2, 4-D on callus formation
from shoot tips of Zingiberofficinale.

| The highest callus weight (1.43 g) showed in (Féc23) observed on MS mediu
supplemented with 0.5 mg/lfrom BA and -D(Fig. 6, C) followed by MS mediur
containing only BA at concentration 0.5 mg/l (1@¢but-the-statistical-analysef
the-experimental-datarevealed-thattheno significance differences between thi



While the least weight (0.17 g) was observed on m&lium devoid of growt
regulators.
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Figure (23): Effects of different concentrations of BA and 2, 4-D on callus weight from
shoot tips of Zingiberofficinale.

The well developed, white and fragile callus wasnsferred to regenerati
medium (Figure34). The highest mean number of regenerated shoo®
shoots/explants) was observed on MS media contpiBih 2.5 mg/l (Fig.61, D)
followed by MS medium supplemented with BA 5.0 mg/lwhichswa0 shoots
explant, but they were not different significant§imilar results were recorded
(Jala, 2013) they observed that 5.0 mg/l BA produibe highest number of shot
form callus in Curcuma attenuate and, (Yapingt al., 2013) recorded that B
combination with NAA and TDZ was important for aethcallus regeneration
Curcuma attenuate,while the lowest mean number of shoots was 0.68tshexplan
on MS medium devoid of growth regulators.e MS medium fortified with BA an
2,4D showed less mean numbers of shoots. Similar teesukre recorded L
Malamuget al. (1991). They observed the-3 mg/l of BA was the best concentrati
for regeneration from callus tissues, while (Bet al., 1992) onfirmed that 2, -D
enhances organogenesis when added in small coatient: Since there is r
significant difference between 2.5 and 5.0 mg/IBA, one can use the low
concentration of BA (2.5 mg/l) in order to lesska tnass production co:

6



UNDER PEER R

o]
of
sh
00
t
\e
Xxp
la

00 02 04 00 02 04 00 02 04
2,4-D

BA5.0mg.L
BA 0.0 mg.L BA2.5mg.L

| Figure (34): Effects of different concentrations of BA and 2, 4-D in No. of shoot \ explant
from callus culture of Zingiberofficinale.

These results emphasize the importance of cytakiiminshoot regeneration irin
vitroplant propagation. Cytokinii activate RNA synthesis; stimulate prot
synthesis and the activities of some enzymes. @Géypeherbaceous plants are higl
responsive to BA treatments and most herbaceousiesp@roduce well forme
shoots suitable for further shoot proliferation bergh and Zimmerman, 1991

On the other hand, the highest mean of shoot le(@@® cm) (Figured5) and
highest mean of leaves number (5.0 leaves/ expl&igure 56) was found in
medium containing 0.2 mg/l z-D only without adding any cytakins and this wa
highly significant than all other mean
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| Figure (45): Effects of different concentrations of BA and 2, 4-D in shoot length (cm) from
callus culture of Zingiberofficinale.
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| Figure (56): Effects of different concentrations of BA and 2, 4-D in No. of leaves\ shoots
from
callus culture of Zingiberofficinale.

Then the callus regenerated explants transfertgpticéttion medium containin
2.5 mg/l kinetin and the plantlets rooted in theneamediur.For rooting stage, th
plantlets rooted without auxins in the medium; ¢hescords are in agreement w
those found by Tongh al. (2012) and Kavyashree (2009) which indicates the:
endogenous auxin level in the plant itself is siiGant that can orm roots withou
applying any exogenous auxins. Plantlets were ssfaky transplanted into po
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after sufficient development of roots to establistihe field condition and rhizon
| formation in the soil (Figél, E, F).
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| [Figure%; : A]. shoot tip culturein inverted in MS medium, B. Callus induction in MS medium _ _ ‘T
figure 1

supplemented with BA and 24-D after 8 weeks, C. High callus weight in MS medium

supplemented with 0.5 mg/l BA and 2,4-D , D. plantlets regenerated from the callus , E

Acclimatization of plantletsin the soil, F. Hardened plant ready for transfer to field with formed
rhizome.
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