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ABSTRACT: Jatropha curcads a potential non-edible biofuel-producing crop and is also important for its medicinal
properties. The seed oil content varies from 4 to 40%, and thus the seed viability and rate of germination are low. Various
explant types ofl. curcas(stem, axillary bud, and shoot tip) were cultured on MS medium supplemented with different
combinations 0.5 mg/l of BA and 0.05, 0.1, and 0.25 mg/l IBA. The results showed that MS medium supplemented with
BA (0.5 mg/l) and IBA (0.25 mg/l) provided the highest number of shoots at 5.1, 5.3, and 5.25 per responding explant from
stem, axillary bud and shoot tip explants, respectively, after 30 days of culture. Regenerated shoots were rooted on MS
medium supplemented with 0.5 mg/l IBA after 30—40 days of culture.
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INTRODUCTION formation inJ. curcas

Jatropha curcad.. (physic nut), a type of oil palm, isa MATERIALS AND METHODS
potential non-edible biofuel-producing crop through-F>
out the worldf. Jatrophais a potential renewable
energy crop as its oil can be used directly in a lowre€ds were cleaned with tap water and then soaked
speed diesel engine or upgraded via transesterificatigRder running tap water for 8 h. The seeds were
to conventional biodies&l At present, there is a then gently cracked to expose the zygotic embryos
need for elite p|anting material o). curcasfrom surrounded by a kernel. The eXplantS were immersed
government institutes, the private sector, and farmet 70% (v/v) ethanol for 5 min, in 20% (v/v) and 10%
for research, development and producing stem cut¥/v) Clorox (containing 0.02% Tween-20) for 10 and
tings, seeds, oil and substitute energy. Techniqu@® min, respectively, followed by successive washing
for culture in vitro need to be deve|0ped to generat@/ith Sterile d|St|”ed water 3 timeS in a |aminal’ ﬂOW
material for germplasm preservation, rapid propaga&tation. The embryos were aseptically removed from
tion, and crop improvement, which will increase fieldthe kernel and cultured on culture medium.
productivity and profitability leading to full supply of i .

the demand for physic nuts, and future developrient!nduction of adventitious shoots

In vitro technigues have been used for propagation dthe embryos were germinated on growth-regulator-
many plant speciés Tissue culture techniques offer free Murashige and Skoog's (MS) medidm The
rapid and continuous supply of the planting materiakepicotyl explants taken from 15-day-old seedlings
These techniques were undertaken to circumvent theere separated and transferred to MS medium sup-
problems associated with large scale multiplicatioplemented with 1-3 mg/l BA. After 30 days, shoot
of J. curcad. Tissue culture propagated plants oftips, axillary buds, and stems from epicotyl explants
J. curcasproduce a better yield and yield-relatedwere cultured on the above medium supplemented
traits’ than seed-propagated plants. The aim of owith BA (0.5 mg/l), IBA (0.05, 0.1, and 0.25 mg/l),
study was to develop an appropriate method for th80 g/l sucrose, and 7.5 g/l agar which we refer to
propagation ofl. curcasin vitro. Here we report the as the multiplication medium. All combinations of
effect of explants type and PGRs on multiple shodPGR containing the medium were adjusted to pH 5.6

lant materials
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prior to adding agar and autoclaving at 121 °C, foj @
15 min. Shoots from the multiplication medium wer 1 ‘A
separated individually and then transferred to M !
medium containing 0.5 mg/l IBA as rooting medium,

The cultures were maintained at 22 °C under a :
16-h photoperiod. Each treatment consisted Of 2
explants with 2 replicates.

Induction of callus

Hypocotyl explants obtained from 15-day-oldf
seedlings grown in vitro were used as initial explant’
for callus induction. The explants were culturec
on MS medium supplemented with 3% sucrose arff
various concentrations of PGRs. The PGRs use "
in this experiment were BA, TDZ, 2iP, IBA, NAA, &
2,4-D at concentrations of 1, 2, and 3 mg/l alone 0%
in combination. The zygotic embryos were culture¢

on MS medium supplemented with BA (0.05, 1, 2,
and 3 mg/l) in combination with IBA (0.1, 0.25, an "——
0.5 mg/l). :

Statistical analysis

The experiments were set up in a completely ra
domized design. Data were analysed by analysis

variance to detect significant differences among th— - G E—— H
mean of treatments using Duncan’s multiple range tes. = B
(DMRT) at a 5% significance level. Fig. 1 Plant regeneration from various explantslafropha
RESULTS curcasL. A,B: axillary buds. C,D: shoot tips. E,F: stems.
G: callus cultured on MS + 0.5 mg/l BA + 0.05-0.25 mg/l
Shoot induction from various explants IBA for 30-50 days. H: Rooting from shoot cultured on MS

Epicotyl explants taken from 15-day-old seedlings 0-5 mg/l IBA for 30 days (scale bar: 1 cm).
started to grow and produce a single dominant shoot

tip and 2-3 nodes along with the stem after cultur . .

for 30 days. All explants (shoot tips, nodes, and sterg:a"us and shoot regeneration forme(_j when epico ty!
segments) cultured on MS medium supplemented Wi{ﬁ(pzlants ;vere/lc;gur?d on I\ésll megmml cor;jte:cmlng
0.5 mg/l BA and 0.25 mg/l IBA gave the best resultl’ ’ ofr mfg | a$(:).ne.2A a 33 heve ope drom
in direct shoot bud formation. The number of shootghe. surface of explants-(g. ) ) and ¢ ar.acterlze as
obtained from this medium was 5.21 per respondin hite and green compact finally gave rise to multiple

; C e ; hoots on MS medium supplemented with 1, 2, and
explant which was significantly differenf’(< 0.05) .
to other combinations. Among the explants testec?, mg/l BA. Epicotyl and hypocotyl explants cultured
g P n MS medium containing 1, 2, and 3 mg/l TDZ,

axillary buds gave the best results with the inductio P IBA and NAA f d hi d
of 5.3 shoots per responding explant, followed b I an ormed compact, W Ite and green
allus, without any shoot regeneration. IBA at a

shoot tip (5.25) and stem explants (5.1). However, § rati ‘1 /I tound to be th ¢
significant difference was not obtained among thosgoncentration ot 1 mgil was found 10 be the mos

explants Table 1 Figs.1A-G). In the case of shoot suitable for callus inductionFig. 2B). 2,4-D in all
bud induction through callus, fewer shoots were obt_ested concentrations induced soft, friable, and light
served Fig. 1H) ' yellowish callus but without any shoot regeneration

(Fig. 2C, Table 2.
Callus and shoot induction from epicotyls and
hypocotyls Callus and shoot induction from embryos

The best multiple shoot formation and callus inducZygotic embryos produced different types of callus
tion from both epicotyl and hypocotyl explants wasdepending on the type of plant growth regulator used.
obtained on culture medium supplemented with BAAmong the concentrations of BA tested (0, 0.05,
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Table 1 Mean number of explants, which produced shoots after 30-50 days of culture on MS medium supplemented with
various concentrations of plant growth regulators.

Conc. of plant growth No. of multiplied Mean
regulator (mg/l) shoots/explants (shoots)
BA IBA stem axillary bud shoot tip
0 0 0.00+ 0.00 0.00+ 0.00 0.00+ 0.00 0.00

0.5 0.25 5.16:1.33 5.30+1.12 5.25+0.91 5.21
0.5 0.1 4.10£0.64 4.65+1.08 4.9040.91° 4.55
0.5 0.05 4.05-0.68 4.10+0.71 4.05+0.88 4.06
0.5 0 3.70£0.73 3.55+0.75 3.50+0.88 3.58

Mean 4.23 4.40 4.42

F-test *

C.V. (%) 20.72

" Significantly different at” < 0.05 according to DMRT
Differing letters in the same row show that the values are significantly different by DMRT.

Fig. 2 Callus and shoot induction from epicotyls and hypocotyls. A: 1, 2, and 3 mg/I BA. B: TDZ, 2iP, IBA, and NAA. C:
1, 2, and 3 mg/l 2,4-D (scale bar: 1 cm).

0.25, 0.5, 1, 2, and 3 mg/l), all concentrations coulglemented with 0.5 mg/l IBA. A high rate of root
induce both shoots and roots from all sides of the exnduction frequency of 60% was obtained after 30—
plant with little or no callus formationHig. 3A). The 40 days of culture.

highest number of shoots induced was obtained on

medium supplemented with 0.25 mg/l BFi¢. 38). DISCUSSION

In combination with IBA (0.1, 0.25, and 0.5 mg/l), This study demonstrated that MS medium supple-
BA (1, 2, and 3 mg/l) promoted callus formationmented with 0.5 mg/l BA and 0.25 mg/l IBA was the
(Fig. 3C). Increased concentrations of both BA an¢,eg; pGR for induction of adventitious shoots directly
IBA gave a higher proliferation rate of callus in termsgrom gl explants. Similar observations were reported
of fresh weight Table 3. M_orphologmal appearance Sujatha and DhingPa Sujatha and Muktiand Su-
of calluses obtained was similar. They were compaciyih, et al. In general, the most effective explant for
white and green in colour. However, these calluses;oqyction of direct shoot bud formation are organized
could not be regenerated into a complete plantlet. explants, e.g., shoot tips, axillary buds, and zygotic
‘ . embryos. The present study has clearly shown that
Root formation axillary buds gave the highest number of shoots (5.3
Individual shoots from multiplication medium were shoots/responding explant), whereas previous studies
excised and successfully rooted on MS medium supvere unable to use this kind of explant for clonal

Fig. 3 Callus and shoot induction from embryos after 15 days. A: MS + 0, 0.05, 0.25, 0.5, 1, 2, and 3 mg/| BA. B: MS +
0.25 and 0.5 mg/l BA + 0.1, 0.25, and 0.5 mg/I IBA. C: MS + 2 and 3 mg/I BA + 0.1, 0.25, and 0.5 mg/l IBA (scale=1 cm).
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Table 2 The influence of cytokinins and auxins on callusTable 3 The influence of BA and IBA on callus induction
induction frequency from epicotyl and hypocotyl explantdrequency and regeneration (R) from embryo cultures of

of J. curcas Jatropha curcagd..
Conc. of plant growth Regeneration Conc. of plant growth  Fresh weight Morphology R
regulator (mg/l) regulator (mg/l) (9) of callus
Cytokinin Auxin epicotyl hypocotyl BA IBA
0 0 - - 0 0 0.00+0.00 - SR
BA 1 0 S, G S,G 0.05 - 0.00+0.00 - SR
2 0 S,G S,G 0.25 - 0.00+0.00 - SR
3 0 S,G S,G 0.25 0.1 1.85:0.07 G SR
TDZ 1 0 G G 0.5 - 0.00+0.00 - SR
2 0 G G 0.5 0.1 1.87-0.96 G SR
3 0 G G 0.5 0.25 2.06:.0.9% G SR
2iP 3 0 w w 1 - 0.00+0.00 - SR
- IBA 1 G G 1 0.1 1.69+ 0.08 G -
- 2 G G 1 0.25 2.86£0.10°¢ G -
3 G G 1 0.5 3.06t 0.11¢¢ G -
- NAA 1 G G 2 - 0.00+ 0.00 - SR
- 2 g g 2 01  3.05£0.09¢ G -
i 2 0.25 3.04+0.10°¢ G -
] 2,4-D 21 :,f :FF 2 0.5 3.32+0.09% G -
i 3 Y’ F Y, F 3 - 0.00+0.00 - SR
! ' 3 0.1 3.40£0.1C¢° G -
S =induced shoot, G = white and green compact callus, 3 0.25 3.45+0.1C¢F G -
W = white compact callus, Y = light yellowish callus, F 3 0.5 3.18+ 0.0g% G -
= soft friable callus. Ftest .

Data recorded after 15 days of culture. Mean value
were derived from twenty explants. E'V' (%) 20.36
Mean with different letters were significantly different G = white and green compact callus, SR = shoot and
(P < 0.05) according to DMRT. root.
Data recorded after 15 days of culture. Mean values
were derived from twenty explants.
Values with different letters were significantly different
propagation. In addition, the number of organized (P < 0.05) according to DMRT.

explants is limited due to the limitation of those
explants from mother plants; generally, one seedling
produces only one shoot and cotyledonary node. Swr case, we have used the seeds grown on PGR-free-
unorganised tissue, especially leaf, hypocotyl, stelMS medium whereas Sujatha and Muktased the
and petriole are alternative explants for direct shoateeds grown in vermiculite pots raised in a greenhouse
bud formation inJatrophaspp. (ex vitro conditions). The culture environment in
Several authors have reported direct shoot bughich the explant was grown until explant sterilization
formation from cultured leaves on MS medium inmight affect the balancing of the internal PGR of the
the presence of the aforementioned PGR. Howevezxplanf.
we did not carry out any experiments using leaf as Callus induction was obtained from cultured
an explant source for direct shoot bud formation. Itypocotyls or zygotic embryos. The explant-produced
addition to leaf explant, hypocotyl, stem, and petioleallus could induce very few shoots and these were
have also been successfully exploited for shoot bud reither scattered sparsely all along the explants or
generation studies in vitro. Culture of stem segmeniscalized to a few areas and accompanied by cal-
in this present study provided direct shoot formation dus formation. Plantlet regeneration from callus is
5.1 shoots per responding explant. Stem segments generally influenced by a combination of auxin and
sponded to 0.5 mg/l IBA whereas Sujatha and Mktacytokinin. Similar results have been reportéd Low
reported an optimum result with a medium containingoncentrations of BA (0.5 mg/l) and IBA (0.5 mg/l)
0.1 mg/I IBA. The different response may be due to thevere necessary for differentiation of the shoot bud.
different preparation of seedlings before culturing. IrHigh concentrations of BA and IBA (1.0 mg/l each)

www.scienceasia.org


http://www.scienceasia.org/2009.html
www.scienceasia.org

ScienceAsi&5 (2009)

were necessary for shoot elongation. In the case
of hypocotyl explants that proliferate callus in the
present study, shoot bud formation was obtained
on medium supplemented with 1-3 mg/l BA alone®-
whereas zygotic embryo-derived callus regenerated
shoot bud on low concentration of BA (0.05-0.5 mg/l)
alone or in combination with IBA (0.1-0.25 mg/l).
The differential response of these two explants may
be attributed to the correlative interaction between the
type of tissue and the concentration of endogenous
growth regulators. In some cases, elongated shoots
on proliferation medium produced spontaneous roots
without being subjected to root induction meditim

In the present study, excised single shoots were rooted
in rooting medium supplemented with 0.5 mg/l IBA
for 30—40 days as in Rel..

This study revealed that axillary buds from cotyle-
donary nodes were the best explants for micropropa-
gation through direct induction of adventitious shoots
when cultured on MS medium in combination with
BA (0.5 mg/l) and IBA (0.25 mg/l). The regenerants
obtained from this protocol seem to be normal and are
under evaluation for their clonal uniformity.

Acknowledgements This work was supported by
grants from the Graduate School, Prince of Songkla Uni-
versity.

REFERENCES

1. Deore AC, Johnson TS (2008) High-frequency plant

regeneration from leaf-disc cultures ddtropha curcas

L.: an important biodiesel plan®lant Biotechnol Reg,

7-11.

. Jha TB, Mukherjee P, Datta MM (2007) Somatic em-
bryogenesis idatropha curcad.., an important biofuel
plant.Plant Biotechnol Reft, 135-40.

. Murashige T, Skoog F (1962) A revised medium for
rapid growth and bioassays with tobacco tissue cultures.
Physiol Plantaruni5, 473-97.

. Sricharoenchaikul V, Marukatat C, Atong D (2007) Fuel
production from physic nutJatropha curcad..) waste
by fixed-bed pyrolysis process. The 3rd Conference on
Energy Network of Thailand, Bangkok, ENETT2550-
072.

. Sujatha M, Dhingra M (1993) Rapid plant regeneration
from various explants oflatropha integerrima Plant
Cell Tissue Organ CulB5, 293-6.

. Sujatha M, Mukta N (1996) Morphogenesis and plant
regeneration from tissue cultures ddtropha curcas
Plant Cell Tissue Organ Cu#t4, 135-41.

. Sujatha M, Makkar HPS, Becker K (2005) Shoot bud
proliferation from axillary nodes and leaf sections of
non-toxic Jatropha curcas.. Plant Growth Regul7,
83-90.

. Thepsamran N, Thepsithar C, Thongpukdee A (2006)

357

Callous and shoot regeneration from petiole segments of
physic nut fatropha curcad..). Department of Biology,
Silpakorn Univ, Thailand.

Thepsamran N, Thepsithar C, Thongpukdee A (2006) In
vitro multiple shoot induction of physic nutigtropha
curcag. Department of Biology, Silpakorn Univ, Thai-
land.

www.scienceasia.org


http://www.scienceasia.org/2009.html
http://dx.doi.org/10.1007/s11816-008-0042-y
http://dx.doi.org/10.1007/s11816-008-0042-y
http://dx.doi.org/10.1007/s11816-008-0042-y
http://dx.doi.org/10.1007/s11816-008-0042-y
http://dx.doi.org/10.1007/s11816-007-0027-2
http://dx.doi.org/10.1007/s11816-007-0027-2
http://dx.doi.org/10.1007/s11816-007-0027-2
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1007/BF00037284
http://dx.doi.org/10.1007/BF00037284
http://dx.doi.org/10.1007/BF00037284
http://dx.doi.org/10.1007/BF00048191
http://dx.doi.org/10.1007/BF00048191
http://dx.doi.org/10.1007/BF00048191
http://dx.doi.org/10.1007/s10725-005-0859-0
http://dx.doi.org/10.1007/s10725-005-0859-0
http://dx.doi.org/10.1007/s10725-005-0859-0
http://dx.doi.org/10.1007/s10725-005-0859-0
www.scienceasia.org

