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Abstract

Plantlets of Curcuma caesia were produced in vitro from newly sprouting vegetative buds of tubers.
Segments of the plantlets from the junction between the root and the basal portion of the stem
were subsequently used as explants to investigate factors affecting callus induction and plant re-
generation via somatic embryogenesis. The explants were placed on Woody Plant Medium (WPM)
together with different concentrations of 2,4-dichlorophenoxyacetic acid(2,4-D) and benzyl ami-
nopurine (BAP) in the presence of light. The growth medium supplemented with 5 mg/L BAP and
2 mg/L 2,4-D promoted callus induction after 70 days of culture. Sub-culturing on the same me-
dium enhanced the production of friable callus. Culture media containing higher concentrations of
agar promoted the development of green somatic embryos from the callus. Respond of somatic
embryogenesis was most successful with MS medium in 6.0 g/L agar supplemented with 5 mg/L
BAP and 0.2 mg/L 2,4-D whereby the callus developed into green somatic embryos with an effi-
ciency of 53%. This culture medium also produced the largest number plantlets.
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1. Introduction

Curcuma caesia L., known as black turmeric, is a perennial herb belonging to the family Zingiberaceae. The
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plant is native to North-East and Central India [1], growing in the Papi Hills of East Godavari, West Godavari,
and Andhra Pradesh [2]. The rhizome of various curcuma species has long been used by various tribal commun-
ities for medicinal. Extracts from C. caesia have high economic potential owing to their putative medicinal pro-
perties. There have been claims for their medicinal actions against leukoderma, epilepsy, cancer and HIV/AIDS
[3]. The rhizomes are traditionally used in treating leucoderma, asthma, tumours, piles, bronchitis, bruises, etc.
[2].

In vitro production of many plant species can be achieved either through direct shoot multiplication or via
somatic embryogenesis, although neither technique has been published for C. caesia. Of the two approaches,
somatic embryogenesis is thought to be more efficient [4]. According to [5], some of the advantages somatic
embryogenesis has over direct in vitro propagation systems include the former’s high multiplication rates, pos-
sibility of cryopreservation of embryogenic callus, the potential for scale-up in liquid suspension cultures, ame-
nability to the use of bioreactors and the application of somatic synthetic seed technologies. In addition, somatic
embryogenesis can be a very useful tool in genetics and breeding research [6]. Plantlets derived from this tech-
nique can be used to produce genetic lines that are free of viruses [7] and to introduce genes by genetic trans-
formation [8].

In Zingiberaceae, embryogenesis success is highly dependent on the interaction among genotype, explants
source and culture medium. Hence, each Zingiberaceae cultivar requires a medium suited to it. Plant regenera-
tion systems that make use of embryogenic callus have been developed for numerous species of curcuma in-
cluding Curcuma soloensis, Curcuma kwangsiensis [9], and Curcuma aromatic [10]. However, as stated above,
the regeneration of Curcuma caesiavia somatic embryogenesis has not been reported. In this report, we describe
the in vitro regeneration of C. caesia plantlets through callus production and somatic embryogenesis.

2. Materials and Methods
2.1. Plant Materials

Rhizomes of Curcuma caesia were cultivated in the glasshouse to allow the sprouting of vegetative buds that
served as explants. Sprouted buds of 3 - 4 cm were cleaned under running tap water for an hour and then washed
with commercial laboratory detergent (Decon 5%, v/v) before rinsing thoroughly with water. The buds were
immersed in 1% (v/v) fungicide solution for one hour before being rinsed thoroughly under running tap water
for 5 min. Subsequently, the explants were surface sterilized with 10% - 20% Clorox® and a few drops of
Tween-20 under sterile conditions. They were then rinsed several times with sterile distilled water before inocu-
lating onto Woody Plant Medium (WPM) supplemented with 3% sucrose and 5.0 mg/L benzyl aminopurine
(BAP) to produce plantlets in vitro.

2.2. Callus Induction

The basal part of the stem of Curcuma caesia plantlets were used as explants. Roots and leaves were first re-
moved from these plant segments (Figure 1(a)). The culture medium used was solidified with 0.3% gelrite agar
and contained WPM basal medium, 3% sucrose and 0.5 - 5 mg/L 2,4-dichlorophenoxyacetic acid(2,4-D) alone
or in combination with 0.5 - 5 mg/L BAP. Recordings of callus induction were carried out at weekly intervals
and the results were expressed as percentage of callus induction after 4 months of culture. In order to test and
optimize callus proliferation, the calli from the best callus induction medium were sub-cultured onto fresh me-
dium with different concentrations of BAP and 2,4-D. Fresh and dry weights of calli were recorded after 45 days.
The morphology of the calli that developed was observed and examined.

2.3. Plant Regeneration

Friable calli produced on callus induction medium containing 5 mg/L BAP and 2 mg/L 2,4-D (the medium
yielding optimal callus induction) were used to establish an appropriate medium for shoot formation. Small
pieces of calli (approximately 200 mg) were transferred to light culture on different medium combinations con-
taining BAP (0, 2 and 5 mg/L), 2,4-D (0.2, 1 and 2 mg/L) and agar (3.0, 4.5, 6.0, and 9.0 g/L) as listed in Table
1. The efficiency by which calli developed green somatic embryos was noted. Embryos that were produced were
then sub-cultured on to the same medium for further development. The number of plantlets regenerated per cal-
lus was recorded after4 weeks of culture. Regenerated shoots were then transferred to WPM basal medium
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Figure 1. Plant regeneration from callus derived form in vitro culture of Curcuma caesia. (a) Explants derived from the
junction between the basal stem and the root used for callus induction; (b) Callus proliferation on WPM medium with 2,4-D
and BAP; (c) Greenish callus after three sub-cultures; (d) Proliferated embryogenic callus used for plantlet regeneration; (e)
and (f) Formation of somatic embryos; (g) - (i) Shoots regeneration; (j) and (k) Plantlet multiplication; (I) Successful plantlet

growth after transfer into the net house.
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Table 1. Effect of agar concentration and plant growth regulators on the efficiency of somatic embryo pro-
duction and the number of regenerated plantlets.

2,4-D BAP Agar concentrations Efficiency of callus developing No. of regenerated
(mg/L) (mg/L) (9/L) green somatic embryos (%) plantlet
3.0 0 0
45 21+31 2+05
0.2 5.0
6.0 53+45 15+2.6
9.0 45+38 1+04
3.0 0 0
45 10+1.2 0
1.0 5.0
6.0 25+23 5+05
9.0 20538 0
3.0 0 0
45 10+0.9 207
2.0 5.0
6.0 30+21 6+0.5
9.0 0 0
3.0 0 0
45 0 0
- 5.0
6.0 10+34 1+£0.2
9.0 0 0
3.0 0 0
45 0 0
- 2.0
6.0 5+1.1 0
9.0 5+0.7 0
3.0 0 0
45 12+2.4 0
2.0 -
6.0 20+4.1 2+0.2
9.0 10+£1.2 0
3.0 0 0
45 0 0
1.0 -
6.0 5+1.2 0
9.0 5+22 0

Results represent mean + standard error mean (SEM) of three replicated experiments.

containing 5 mg/L BAP for shoot multiplication, and finally to MS medium that was free of plant growth regu-
lators for leaf elongation and root induction.
2.4. Culture Conditions

The WPM basal media with different PGR in culture jars containing sucrose were adjusted to pH 5.8 before they
were solidified with gelrite agar, autoclaved at 121°C and 104 kPa for 15 min. The cultures were incubated in
the culture room under white fluorescent light with a light intensity of 3000 lux and a photoperiod of 16 h at
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25°C £ 2°C. For callus induction, the culture jars were also kept in the light. Rooted explants with shoots about 4
- 5 cmin length were removed from the culture bottles and the roots were washed under running tap water to
remove the agar. The plantlets were individually transplanted in soil contained in polybags and kept under con-
trolled conditions in a net house with 75% shading. To maintain humidity, the plants were watered periodically
twice a day. The survival rate of the plantlets was recorded after 6 weeks.

2.5. Statistical Analysis

The data (25 replicates per treatment) were subjected to one way analysis of variance (ANOVA) to assess treat-
ment differences and interaction using the SPSS version 11.0. Significance of differences between means was
tested by DMRT’s Test (p < 0.05).

3. Results and Discussion

3.1. Callus Induction

In order to establish the most suitable concentration of plant growth regulator for plantlet regeneration via so-
matic embryogenesis, we tried various concentrations and combinations of the plant hormones BAP (0.5 - 5.0
mg/L) and 2,4-D (0.5 - 5 mg/L) under light (1200 lux) conditions. Table 2 shows the percentage of callus induc-
tion on the surface of the explants after 4 months in culture. Calli were initiated on medium containing 1 - 5

Table 2. Effect of 2,4-D and BAP on the induction of callus in Curcuma caesia.

2,4-D (mg/L) BAP (mg/L) Callus induction (%) Day of callus initiation
0 0
0.5 0
0 1.0 0
3.0 0
5.0 0
0 0
0.5 0
05 1.0 2+03 95+2
3.0 0
5.0 0
0 0
0.5 0
1.0 15+23 90+3
Lo 3.0 10412 85+ 2
5.0 10+2.1 85+3
0 0 0
0.5 0 -
0 1.0 10+2.1 95+3
3.0 15+1.1 85+1
5.0 20+ 3.6 70+2
0 0
0.5 0
50 1.0 10+23 90+2
3.0 15+24 90+3
5.0 5+09 90+2

Results represent mean + standard error mean (SEM) of three replicated experiments.
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mg/L 2,4-D in combination with 1 - 5 mg/L BAP. MS medium supplemented with 2 mg/L 2,4-D combined with
5 mg/L BAP was the most effective in inducing callus (20%). Callus growth was slow and cellular dedifferen-
tiation could take more than 70 days, with maximum callus production up to 95 days.

Medium compositions affected callus induction considerably. [11] state that the success of in vitro cultures
largely depends on the nutrition media, growth regulators, variety, and on the interaction between the variety
and the medium. The findings in this study indicated that explants from basal part of C. caesia cultured on me-
dium containing 2 mg/L 2,4-D and 5 mg/L BAP performed better in inducing callus compared to the other
treatments. Similar results were reported by [12] in their studies on the rice variety Bas-370. They observed that
2 mg/L 2,4-D combined with 5.0 mg/L BAP was the best for callus induction. In the work of [9] on Curcuma
kwangsiensi, on the other hand, the combination of 2,4-D and BA gave rise to a few soft calli; the callus could
not proliferate and wilted gradually. In addition, the authors also found that neither the auxins NAA and 2,4-D
nor the cytokinin BAP were effective when used alone or together in C. kwangsienesis embryogenic callus cul-
tures. The requirement of BA for somatic embryogenesis may vary according to the explant source [13].

The application of cytokinins in combination with auxins to induce somatic embryogenesis in callus culture
has been reported for various plant species [13]-[15]. In the present study, application of 2,4-D alone (0.5 - 5
mg/l) failed to produce any callus. These results were in agreement with the findings of [16] where 2,4-D at all
the concentrations tested did not produce any positive response for callus induction of Curcuma zedoaria 50
days after inoculation. Nevertheless, [11] who worked with rice found that callusing in seeds was best when 2
mg/L 2,4-D was supplemented. [17] who similarly worked with rice stated that culture medium supplemented
with 2,4-D at concentration of 1 mg/L was most effective for the induction of callusing. [10] observed callus in-
itiation in Curcuma aromatic in all the tested media, but the medium containing 2 mg/l 2,4-D gave the optimum
callusing response of 82%. The role of 2,4-D in callus induction has also been reported in Curcuma longa [18]
[19].

3.2. Callus Proliferation

Callus initiated in the growth medium containing 2 mg/L 2,4-D + 5 mg/L BAP were sub-cultured on different
media with varying concentrations of BAP (0.5 - 5.0 mg/L) and 2,4-D (0.5 - 5.0 mg/L) to study callus prolifera-
tion further (Table 3). Generally, callus growth onmedia with both growth regulators showed faster growth and
proliferation than those cultured in medium containing 2,4-D alone. On the other hand, BAP alone at concentra-
tions of 1 - 5 mg/L showed active proliferation. The highest proliferation rate that produced a callus biomass of
921 mg was obtained on a medium containing 5 mg/l BAP. However, the callus was watery and soft rather than
friable. Moreover, the dry weight of this callus was low (390 mg after one month of culture). Callus growth on
medium containing 2 mg/L 2,4-D combined with 5 mg/L BAP showed faster growth and proliferation than cal-
lus cultured on medium containing 2,4-D alone, the former achieving 9.1 g fresh weight and 610 mg dry weight.
The texture of the callus surface was friable and yellowish with morphogenic aspects (Figure 1(b)). Faster pro-
liferation of callus occurred when they were sub-cultured to the same fresh medium after 30 days of culture.
Proliferation of callus cultured on medium with 5 mg/L 2,4-D alone or in combination with various concentra-
tions of BAP (1 - 5 mg/L BAP) was relatively less active than when lower concentrations of 2,4-D (1 - 2 mg/L)
were used.

The faster callus proliferation when transferred to fresh callus induction medium, as noted above, is consistent
with the findings of [10] for Curcuma aromatic. In our results also, the best callus induction medium (2 mg/L
2,4-D combined with 5 mg/L BAP) was the best medium for callus proliferation. After two to three subcultures,
the calli became friable in texture and greenish in color (Figure 1(c)). These results showed that a combination
of cytokinin and of auxin was suitable for callus maintenance or proliferation with the aim of plantlet regenera-
tion, although the lower concentrations BAP were less effective for callus maintenance. Similar results were re-
ported by [20] who found that the best callus proliferation was observed in cauliflower cultured on MS + 3.0
mg/L BAP + 0.1 mg/L 2,4-D. Working with citrus, [21] also observed that green callus proliferation increased
when cultured on the same medium (callus induction medium). They also stated that subsequent transfer of cal-
lus on medium with 1.0 mg/L 2,4-D and 5.0 mg/L BAP resulted in good proliferation in half of the cultures. In
our study, 5 mg/l BAP alone resulted in a high proliferation rate, but this was accompanied by the callus turning
watery after 2 to 3 rounds of subculture. [22] found that good callus growth Triticum aestivum was observed on
MS medium containing 4 mg/L BAP. These results are consistent with those of [23] who researched on Triticum
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Table 3. Effect of 2,4-D and BAP on callus proliferation from callus Curcuma caesia after 4 weeks of culture.

2,4-D (mg/L) BAP (mg/L) Fresh weight of callus (g) Dry weight of callus (mg)
0.5 6.04+1.2 420 £0.05
1.0 72109 480 + 0.06
20 5.01+0.7 340 £ 0.05
5.0 432+05 310 £ 0.04

0.5 5.34+0.7 210 £0.05
1.0 781+12 320+ 0.03
2.0 8.81+0.8 420 +0.07
5.0 9.21+0.6 390 + 0.06
10.0 63211 270 +0.03
1.0 1.0 6.55+0.6 310 £ 0.04
1.0 2.0 591+0.6 280 = 0.05
1.0 5.0 542+04 280 £ 0.01
2.0 1.0 6.11+1.0 310 +£0.03
20 20 824+12 540 + 0.09
2.0 5.0 91013 610 = 0.05
5.0 1.0 529+0.6 390 £ 0.04
5.0 20 511+0.5 270 £0.05
5.0 5.0 421+03 310 + 0.06

Results represent mean + standard error mean (SEM) of three replicated experiments.

aestivum. Moreover, sub-culturing on MS medium supplemented with 2.0 mg/l 2, 4-D in combination with 0.5
mg/l BAP improved callus development [22]. In their findings, formation of soft and non-embryogenic callus
was observed initially on media with low concentrations of 2,4-D alone, with most of the callus becoming wa-
tery after subculture. This callus remained as a cell mass without developing into embryos. Conversely, the in-
duction of embryogeneic callus was usually promoted by a relatively higher concentration of 2, 4-D [24]. [25]
notes that the formation of an embryogenic cell is related to nuclear DNA hypermethylation in the presence of
high concentrations of 2,4-D.

3.3. Plantlet Regeneration via Embryogenesis

Well-proliferated embryogenic calli cultured on 2 mg/L 2,4-D and 5 mg/L BAP were used for regeneration stu-
dies (Figure 1(d)). Approximately 2 g of fresh calli were transferred to a regeneration medium containing dif-
ferent combinations and concentrations of growth regulator and agar as listed in Table 1. The formation of
green somatic embryos induced from embryogenic calli was observed in most of the media containing 2,4-D and
BAP where agar concentration was between 4.5 - 9.0 g/L (Figures 1(e) and (f)). The presence of both 2,4-D and
BAP in the growth medium was more effective than either growth regulator alone. Among the tested media, the
highest rate of embryogenesis (53%) was obtained with 5 mg/L BAP and 0.2 mg/l 2,4-D in 6.0 g/L agar
(Figures 1(g)-(1)). Fifteen plantlets were obtained with this treatment. While 9.0 g/L agar supported a high rate
of embryogenesis (45%), plantlet regeneration on that medium was poor. WPM media containing different con-
centrations of growth hormones showed different response towards plantlet regeneration. Embryogenic calli that
turned green or yellowish in proliferation medium were transferred to regeneration medium for further devel-
opment of plantlets. In the present study, the combination of 2,4-D and BAP with 6.0 g/L agar was optimal for
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the production of plantlets. [25] reported on rice, better embryos formation was obtained from calli cultured on
pre-regeneration medium supplemented with 6 - 9 g/L agar and 5 - 10 mg/L ABA. According to [21], somatic
embryogenesis in citrus was effectively initiated on media supplemented with 1 mg/L 2,4-D and 1 mg/L BAP.

They stated that embryogenesis increased from 15% to 47% with increasing concentrations of BAP in the
medium. Furthermore, [10] found that MS basal medium containing 3 mg/L BA and 0.5 mg/L NAA gave opti-
mum response in inducing an average of 10.13 shoots per culture within 30 - 40 days. The multiplication rate
remained unchanged with subsequent subculture. They also reported that the presence of BAP at higher concen-
trations had an inhibitory effect on shoot regeneration. The important role of BAP in shoot induction from callus
of Curcuma aromatic was in agreement with results obtained from other species of Curcuma [27]-[29]. Findings
from the present study are in accordance with those of [30] who also used 0.2 mg/L 2,4-D and 2 mg/L BAP for
shoot regeneration in cultures initiated from excised embryo wheat explants of cultivars Tajan and Azadi. The
same observations were made by [22] who found 2 mg/L BAP and 1.0 mg/L 1AA, together with 1.0 mg/L BAP
and 0.5 mg/L 2,4-D to be the best combination of growth regulators for plantlet regeneration. [22] stated that
plantlet regeneration improved when 0.5 mg/L 2,4-D and BAP at 1.0mg/l were used. These results were similar
to those of [31] [32] who observed that the frequency of regeneration was highest in wheat cultured on medium
supplemented with 0.01 mg/l 2,4-D and 1.0 mg/l of BAP. WPM medium containing 2 mg/l 2,4-D and 5 mg/I
BAP enabled luxuriant regeneration of plantlets. Regenerated plantlets were sub-cultured to WPM media con-
taining 5 mg/L BAP for a month. During sub-culture, the shoot further elongated and multiplied (Figures 1(j)
and (k)). These plantlets developed better root systems upon transfer to MS media containing only BAP. The
use of BAP in the development of healthy root system in C. aromaticais in agreement with an earlier work on
Curcuma [33] [34]. A high percentage of rooted plantlets were successfully transferred to soil and developed to
normal plants in the net house with | a survival rate of more than 95% (Figure 1(l)). No morphological variants
were observed among these plants.

4. Conclusion

The present work establishes in vitro systems of Curcuma caesia in vitro propagation through direct tuber bud
development and through somatic embryogenesis. The system of somatic embryogenesis developed here is re-
producible and can be applied to clonal propagation and in vitro conservation. Multiple shoot culture from the
standardization of media and hormonal concentrations may provide a viable approach towards securing a good
source of pharmacologically active plant constituents.
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