Kasetsart J. (Nat. Sci.) 45 : 977 - 984 (2011)

Effects of Position and Plant Growth Regulators on Morphogenesis
and Growth Rate of Coconut Endosperm In Vitro

Lazarus Agus Sukamto

ABSTRACT

Endosperm position (antipodal and micropylar) and plant growth regulators were investigated
for their effect on morphogenesis and the growth rate of coconut endosperm cultured in vitro. This
experiment was conducted at the Tissue Culture Laboratory, Horticulture Department, University of
Hawaii at Manoa, USA. Embryo companion and plant growth regulators were not necessary to induce
callogenesis. Coconut endosperm explants started to form callus after 3 wk of culture. Callogenesis
occurred in 98.83% of all treatments on 31 wk of culture. Endosperm positions and plant growth
regulators did not affect significantly the growth rate of the endosperm culture. The concentration of
2,4-dichlorophenoxyacetic acid (2,4-D) and 4-amino-3,5,6-trichloropicolinic acid (picloram) at 1 x 10-3
M affected significantly the growth rate after 9 wk of culture but did not inhibit thereafter. The growth
rate of the control was the quickest on 31 wk of culture. Addition of 6-benzylaminopurine (BAP) did
not affect significantly the growth rate of the endosperm culture. The growth rate of tissues increased
substantially but decreased on 31 wk of culture. Embryo-like structures appeared from antipodal position
calli treated with 1 x 10-° M picloram. This study has provided the first report of embryo-like structures
occurring on coconut endosperm cultured in vitro.

Keywords: coconut endosperm in vitro, endosperm position, plant growth regulators, morphogenesis,
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INTRODUCTION

Coconut (Cocos nucifera L.) is grown
in over 80 tropical countries on approximately 11
million ha (Thangaraj and Muthuswami, 1990).
Most plantations belong to small holders who grow
them for domestic use. All parts of the plant are
very useful for humankind; consequently, various
names have been given to coconut to reflect
its usefulness; for example, tree of life, tree of
abundance and tree of heaven (Green, 1991). It is
also used as an ornamental plant in regions such

as Hawaii and Florida. The plant is traditionally
propagated by seed (fruit) which is recalcitrant
and has a short storage life. The plant is long-
lived but has a very long juvenile phase. It is
generally cross pollinated and very heterozygous.
Vegetative propagation in vitro of superior coconut
is promising as a way to increase the productivity
or homogeneity of plants. Coconut endosperm
provides large and uniform explant tissue for
experimentation. Endosperm culture would be
advantageous since explants come from mature
selected plants.
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The endosperm position of coconut
fruit has been correlated with physiological age,
with the solid endosperm starting to form in the
antipodal end of the coconut fruit and growing
gradually to the micropylar end (Tammes and
Whitehead, 1969). The age of the endosperm at
the time of culture is critical for growth in vitro
(Chen et al., 1990). Explants from younger fruits
responded better to culture (Karunaratne and
Periyapperuma, 1989; Karunaratne ef al., 1991).
However, coenocytic (free-nuclear) endosperm
from very young fruits did not survive in culture
because of the lack of starch (Srivastava, 1982).
Young endosperm at the celliferous stage was
responsive to culture in Citrus grandis (Wang and
Chang, 1978). Endosperm of coconut that was 6—7
mth postanthesis was responsive to culture in vitro
(Kumar et al., 1985).

Whole plants are autonomous with regards
to growth regulators but isolated tissues or cells
require auxins or cytokinins to initiate and maintain
growth until they become habituated or organized
(Everettet al., 1978). Morphogenesis in vitro can be
regulated by plant growth regulators (Christianson
and Warnick, 1983), Skoog and Miller (1957)
found that the balance of auxin and cytokinin in the
culture medium governed morphogenesis. Auxins
induced callogenesis, adventitious plantlets and
roots in palms (Paranjothy, 1986). Among auxins,
2,4-dichlorophenoxyacetic acid (2,4-D) was the
most effective for coconut culture (Karunaratne
and Periyapperuma, 1989). Another auxin with
properties similar to 2,4-D is 4-amino-3,5,6-
trichloropicolinic acid (picloram). Picloram has
been successfully applied for callogenesis in date
palm (Omar and Novak, 1990), for embryogenesis
in pejibaje palm (Valverde et al., 1987), and
maintained regenerative callus over a long time
in sugarcane (Fitch ef al., 1983). The presence
of cytokinins, auxins and high doses of sucrose
(0.2 M) stimulated the growth of coconut and
date callus (Eeuwens, 1978). Srinivasan et al.
(1985) successfully induced somatic embryos of

Christmas palm with 5-50 x 10> M 2,4-D and
50 x 10> M 6-benzylaminopurine (BAP).

The current research aimed to observe
the effects of endosperm position (antipodal and
micropylar) and plant growth regulators (2,4-D,
picloram and BAP) on the growth rate of coconut
endosperm cultured in vitro.

MATERIALS AND METHODS

Plant material

Fruits of 7 month-old post-anthesis
coconuts were picked up freshly from coconut
palm trees. Two fruits of one bunch were taken
from one coconut palm tree cv. Samoan Dwarf
grown in Manoa, Oahu, Hawaii. Another two fruits
of one bunch were taken from a palm tree grown
in Moanalua, Oahu, Hawaii. Fruits were surface
disinfested with 95% ethyl alcohol, punctured to
remove liquid endosperm and cut longitudinally
with a sterile knife. Solid cylindrical plugs (§ mm
in diameter and 2—6 mm thick) were aseptically
cored with a cork borer and scooped with a spoon.
Explants were taken from either the micropylar
(upper half of fruit with embryo) and the antipodal
regions (bottom half of fruit) of the endosperm.
These plugs were used as explants. Single explants
were placed into test tubes with the cut surface in
contact with the medium.

Culture medium and methods

The basal medium of Branton and Blake
(1986) was modified by the addition of putrescine
(10 mg.L") and the substitution of phytagel (1.7
g.L'h) for agar. This was supplemented with
2,4-D or picloram at 0, 1 x 10,1 x 10, 1 x 10
or 1 x 103 M. BAP at 1 x 10> M was added
on 16 and 21 wk of culture. Activated charcoal
(AC) at 2.5 g.L'! was added to all media. The
pH levels of media were adjusted to 5.7 before
they were autoclaved. Each sample was poured
into 2.5 x 15 cm test tubes (14 mL) or into 125
mL Erlenmeyer flasks (40 mL) and autoclaved at
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121 °C and 1 kg.cm™ pressure for 15 min. After
autoclaving, the medium was shaken every 10
min before gelling in order to disperse the AC.
The medium was stored for about 1 wk before use
as recommended by Ebert and Taylor (1990), in
order to equilibrate growth regulators in the AC.
The cultures were transferred in media that had
had the auxin concentration decreased to 1 x 10
M on 9 wk of culture, to 1 X 10”7 M on 16 wk of
culture, to 1 x 10 M on 21 wk of culture and
without plant growth regulators on 26 and 31 wk
of culture.

Statistical analysis

The experiment was laid out in a
complete randomized block design (CRBD) with
each fruit as a block. Treatments were factorial
combinations of endosperm region (micropylar
and antipodal), auxin type (2,4-D and picloram),
their concentrations and cytokinin BAP (plus or
minus) with 12 replications. Data were analyzed
with the general linear model (GLM), procedure
of'the SAS statistical software (SAS Institute Inc.,
Cary, NC, USA). The average percentage callus
formation was computed after 31 wk of culture.
Callus growth was determined by subtraction
of the initial fresh weight from the final fresh
weight divided by the original weight. Growth
rate was computed from callus growth divided by
the number of weeks in culture. These data were
analyzed using the GLM and Contrast procedures
in the SAS software.

RESULTS AND DISCUSSION

Morphogenesis of coconut endosperm

Callus grew predominantly on the uncut
surface of the explants and also from the side
(Figure 1a). Coconut endosperm explants started
to form callus after 3 wk of culture, which was
earlier than reported by Kumar et al. (1985) at
4 wk and much faster than immature leaves that
took 4—6 mth to produce callus (Jetsy and Francis,
1992). Callus was initially yellow-white and firm.
Eventually, the callus covered the entire explants
(Figure 1b) and became pale and slightly friable
after 21 wk. Average callogenesis occurred with
98.83% of the explants for all of the treatments,
including the control on 31 wk of culture (Table
1). This result was higher than that of Kumar et al.
(1985) who reported about 30%, Fisher and Tsai
(1978) who reported only one endosperm explant
and Bhalla-Sarin and Bagga (1983) who reported
no explants producing callus. The control produced
a very high percentage (99.48%) of callogenesis
(Table 1). Different results were reported by
Bhaskaran (1985) where a combination of a low
dose of cytokinin with a high dose of auxin was
necessary for callogenesis of coconut embryos
and by Perera ef al. (2007) who reported that
the concentrations of 2,4-D and AC were critical
for callogenesis in coconut ovary culture. The
high percentages of callogenesis happened
because coconut endosperm contains endogenous
hormones that have been widely studied and are

Figure 1 (a) Coconut endosperm starting to form callus on the top and the side of explants; (b) Callus

covering the entire explants; (c¢) Embryo-like structure on endosperm calli of coconut.
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known to be successful at promoting callogenesis
(Dick and Van Staden, 1982; George, 1993; Yong
et al., 2009).

The presence of an embryo in the
endosperm explants was clearly unnecessary
for callus initiation in coconut endosperm. This
result did not agree with Kumar et al. (1985)
who recorded that callus initiation in coconut
endosperm occurred with a companion to the
embryo. Endosperm tissue from the micropylar
and antipodal position did not differ significantly
in growth rate (Table 1). This result did not
conform with the work by Abraham and Mathew
(1963) where the endosperm from the micropylar
region was more meristematic than that from the
antipodal region.

An embryo-like structure appeared from
the antipodal position of endosperm calli that was
initially treated with 1 x 10 M picloram on 30 wk
of culture (Figure 1c). This indicated that antipodal

tissue had potential to produce embryogenesis/
organogenesis. This result was contrary to Blake
(1990) who concluded that long-term culture of
coconut callus could not be developed further.
Morphogenesis occurring in long-term cultures has
been widely studied in several plants (Fitch ez al.,
1983; White, 1984; Gladfelter and Phillips, 1987)
and indicated that picloram showed potential for
inducing embryogenesis/organogenesis in long-
term culture in coconut endosperm calli.

Growth rate of coconut endosperm

The growth rate of endosperm cultures
increased substantially from 9 to 26 wk and
decreased on 31 wk of culture. The position of
endosperm between micropylar and antipodal
tissues in coconut fruit did not affect the growth
rates of the endosperm culture (Table 1). This
result did not conform with work by Abraham
and Mathew (1963) and Tammes and Whitehead

Table 1 Growth rate (milligrams per week) of coconut endosperm tissues on the duration of culture.

Time (wk) Average %

Source 9 16 21 26 31 .
Callogenesis

Endosperm 98.83
Position
Antipodal 60+6% 149 £ 122 274 +273  439+478 18242432 98.87
Micropylar 55+58 139+ 122 262 +25% 421 +462 183 +26% 98.80
Auxin:
2,4-D 61+62 148 £ 122 265+26 3% 437+46% 187 +2272 98.52
Picloram 54+£58 140+ 122 271+£272 423 +462 178 +28% 99.14
Concentration
0 M 71+82 132+182 261 +562 436+982 473 +1112 99.48
1 x10°M 71 +£8% 156 £ 1620 263 +382 414+652 150 +28P 100.00
1 x10°M 6073 166 £ 15% 273 +372  457+742 167 +23P 99.48
1 x104M 66+ 102 149+ 162 294+432  436+742 99+ 11P 98.33
1 x10°M 21£3%b 111 £24° 246+402  411+70% 168 £21° 97.19
Cytokinin
BAP 0M 138+ 102  261+242 444 +462 200+30% 99.15
1 x10°M 151143  277+28%  413+46% 136%13% 98.44

Mean values in the same factor followed by the same letter in each column are not significantly different at 0.05 probability

level.
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(1969) that showed the micropylar region of
coconut endosperm was more meristematic and
produced earlier formation than the antipodal
region. When endosperm explants of coconut
fruit older than 7 mth were used, the micropylar
region was still meristematic and produced callus
but the antipodal region may not have still been
meristematic and so could not produce callus.
There was no significant difference
in the growth rate of tissues treated with 2,4-D
compared to picloram (Table 1). Different results
reported that picloram was faster than 2,4-D for
callogenesis, embryo induction and the final yield
of embryos in Gasteria and Haworthia (Beyl and
Sharma, 1983). On the other hand, picloram was
slower than 2,4-D for callogenesis in sugarcane
(Fitch and Moore, 1990) and 2,4-D was the most
effective compared to other auxins in coconut
culture (Blake and Eeuwens, 1982; Pannetier
and Buffard-Morel, 1986; Karunaratne and
Periyapperuma, 1989). These results could have
been due to differences in the plants or explants.
The concentrations of 2,4-D and picloram
influenced the growth rate of coconut calli. Auxins
(2,4-D and picloram) at 1 x 103 M significantly
reduced the growth rate on 9 wk of culture but the
growth rate difference was not significant after
being transferred to 1 x 10°M on 21 wk of culture.
All growth regulator concentrations had similar
growth dynamics in that the growth rate increased
until 26 wk. Thereafter, the growth rate of cultures
initially exposed to growth regulators declined,
while the growth rate of the control continued
to increase (Table 1). These results differ from
those of other studies (Reynolds and Murashige,
1979; Tisserat and DeMason, 1980; Blake and
Eeuwens, 1982; Branton and Blake, 1983;
Gupta et al., 1984; Sharma et al., 1984; Zaid and
Tisserat, 1984; Kumar et al., 1985; Karunaratne
and Periyapperuma, 1989; Sugimura and Salvana,
1989; Jesty and Francis, 1992; Shah et al., 2003;
Neibaur et al., 2008; Jahangir and Nasir, 2010)
that have shown that auxin at high concentrations

(1 x 105~1 x 103 M) were necessary for callus
induction, especially on medium supplemented
with 1-3 g.L'! AC. This was because coconut
endosperm has some auxin activity, which is
increased by autoclaving and provides highly
active natural cytokinin (George, 1993). Addition
of AC in the media may gradually absorb and
release plant growth regulators (Thomas, 2008)
resulting in an increase in the effective amount of
total plant growth regulators, which then inhibit
the growth rate of the coconut endosperm.

The addition of BAP did not affect
significantly the growth rate of coconut endosperm
culture (Table 1). Different results have been
reported that BAP could increase greatly the
fresh weight of coconut callus (Eeuwens, 1978;
Kuruvinashetti and Iyer, 1980) and date palm
callus (Eeuwens, 1978; Sharma et al., 1984). These
results could have been due to differences in the
plants or explants.

Companions for the coconut embryo
and plant growth regulators were not needed to
induce callogenesis in the coconut endosperm
culture in vitro. The success in achieving very high
callogenesis of the coconut endosperm culture
in vitro is noteworthy and could have been due
to genotype, physiological age, protecting the
explants from chemical disinfectants and media
formulation. The successful formation of embryo-
like structures on the coconut endosperm may be
have been due to the media formulation, especially
the inclusion of picloram. Picloram has also been
reported to maintain regenerative callus lines in
long-term tissue culture of sugarcane (Fitch et al.,
1983) and to induce somatic embryos of immature
zygotic embryos on Phyla nodiflora (Ahmed et al.,
2011).

CONCLUSION
Combinations of embryo and plant

growth regulators were not essential in inducing
callogenesis in coconut endosperm culture in vitro.
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Coconut endosperm tissues could produce 98.83%
calli on 31 wk of culture. Endosperm position
and plant growth regulators did not significantly
affect the growth rate of endosperm culture. A
concentration of auxins at 1 x 10-3 M significantly
inhibited growth rate until 9 wk of culture but did
not inhibit thereafter. The growth rate of the control
was the quickest at 31 wk of culture. BAP did not
significantly affect the growth rate of coconut
endosperm culture. Embryo-like structures were
produced from the antipodal position treated with
1 x 10°® M picloram. This study has provided the
first report of embryo-like structures occurring on
coconut endosperm culture.

ACKNOWLEDGEMENTS

The author would like to thank Dr. Y.
Sagawa for advising, Mr. R. Wutzke for giving
material experimentation, and the Overseas
Training Office/Badan Perencanaan Pembangunan
Nasional, Indonesia for funding support.

LITERATURE CITED

Abraham, A. and P.M. Mathew. 1963. Cytology
of coconut endosperm. Ann. Bot. 27(107):
505-513.

Ahmed, A.B.A., A.S. Rao, M.V. Rao and R.M.
Taha. 2011. Effect of picloram, additives
and plant growth regulators on somatic
embryogenesis of Phyla nodiflora (L.) Greene.
Braz. Arch. Biol. Technol. 54(1): 7—13.

Bhalla-Sarin, N. and S. Bagga. 1983. In vitro
culture of embryos and other parts of Coconut
nucifera, pp. 132—139. In Proc. Nat. Sem.
Plant Tissue Cult. New Delhi.

Bhaskaran, S. 1985. Tissue culture technology
for higher vegetable oil production. /n H.C.
Srivastava, S. Bhaskaran, B. Vatsya and
K.K.G. Menon, (eds.). Oilseed Production:
Constraints and Opportunities. Oxford &
IBH Publishing Co., New Delhi.

Beyl, C.A. and G.C. Sharma. 1983. Picloram
induced somatic embryogenesis in Gasteria
and Haworthia. Plant Cell Tissue Organ
Cult. 2: 123-132.

Blake, J. and C.J. Eeuwens. 1982. Culture of
coconut palm tissues with a view to vegetative
propagation, pp. 145—-148. In Rao, A.N. (ed.).
Tissue Culture of Economically Important
Plants, Proc. Int. Symp. Singapore.

Blake, J. 1990. Coconut (Cocos nucifera L.):
Micropropagation, pp. 538-554. In Y.P.S.
Bajaj, (ed.). Biotechnology in Agriculture
and Forestry 10, Legumes and Oilseed
Crops L. Springer-Verlag. Berlin.

Branton, R.L. and J. Blake. 1983. Development
of organized structures in callus derived from
explants of Cocos nucifera. Ann. Bot. 52(5):
673-678.

Chen, R.Z., G.G. Li, L.Y. Zhang and C.Y. Kuo.
1990. Somatic embryogenesis of endosperm of
sweet orange (Citrus sinensis cv. Hongjiang)
in vitro culture, pp. 182—187. In Proc. Intern.
Citrus Symp. Guangzhao. China.

Christianson, M.L. and D.A. Warnick. 1983.
Competence and determination in the process
of in vitro shoot organogenesis. Dev. Biol.
95:288-293.

Dick, L. and J. Van Staden. 1982. Auxin and
gibberelin-like substances in coconut milk
and malt extract. Plant Cell Tissue Organ
Cult. 1(1): 239-246.

Ebert, A. and H.F. Taylor. 1990. Assessment of the
changes of 2,4-dichlorophenoxyacetic acid
concentrations in plant tissue culture media in
the presence of activated charcoal. Plant Cell
Tissue Organ Cult. 20: 165-172.

Eeuwens, C.J. 1978. Effects of organic nutrients
and hormones on growth and development of
tissue explants from coconut (Cocos nucifera)
and date (Phoenix dactylifera) palms cultured
in vitro. Physiol. Plant. 42: 173—178.

Everett, N.P., T.L. Wang and H.E. Street. 1978.
Hormone regulation of cell growth and



Kasetsart J. (Nat. Sci.) 45(6) 983

development in vitro, pp. 307-316. In T.A.
Thorpe, (ed.). Frontiers of Plant Tissue
Culture. The Int. Assoc. for Plant Tissue
Culture Publisher. Calgary. Canada.

Fisher, J.B. and J.H. Tsai. 1978. In vitro growth
of embryos and callus of coconut palm. In
Vitro 14(3): 307-311.

Fitch, M.M., P.H. Moore and J.E. Irvine. 1983.
The use of picloram for maintenance of
regenerative callus lines in long-term tissue
culture of sugarcane. Plant Physiol. (Suppl.)
72(1): 46.

Fitch, M.M. and P.H. Moore. 1990. Comparison
of 2,4-D and picloram for selection of long-
term totipotent green callus cultures of
sugarcane. Plant Cell Tissue Organ Cult.
20: 157-163.

George, E.F. 1993. Plant Propagation by
Tissue Culture Part 1, In Practice. 2nd ed.
Exegetics Limited., Edington, Wilts, England.
574 pp.

Gladfelter, H.J. and G. Phillips. 1987. De novo
shoot organogenesis of Pinus eldarica Medw.
In vitro, 1. Reproducible regeneration from
long-term callus cultures. Plant Cell Rep.
6: 163-166.

Green, A.H. 1991. Coconut Production, Present
Status and Priorities for Research. The
World Bank, Washington, D.C. World Bank
Technical Paper 136: 6.

Gupta, P.X., S.V. Kendurkar, V.M. Kulkani, M.V.
Shirgurkar and A.F. Mascarenhas. 1984.
Somatic embryogenesis and plants from
zygotic embryos of coconut (Cocos nucifera
L.) in vitro. Plant Cell Rep. 3: 222-225.

Jahangir, G.Z. and [.A. Nasir. 2010. Various
hormonal supplementations active sugarcane
regeneration in vitro. J. Agri. Sci. 2(4):
231-237.

Jetsy, J.H.F. and D. Francis. 1992. Cellular
responses of leaf explants of Cocos nucifera
L. in vitro. Plant Cell Tissue Organ Cult.
28:235-244.

Karunaratne, S. and K. Periyapperuma. 1989.
Culture of immature embryos of coconut,
Cocos nucifera L.: Callus proliferation and
somatic embryogenesis. Plant Sci. 62(2):
247-253.

Karunaratne, S., C. Gamage and A. Kovoor.
1991. Leaf maturity, a critical factor in
embryogenesis. J. Plant Physiol. 139:
27-31.

Kumar, P.P., C.R. Raju, M. Chandramohan and
R.D. Iyer. 1985. Induction and maintenance
of friable callus from the cellular endosperm of
Cocos nucifera L. Plant Sci. 40: 203-207.

Kuruvinashetti, M.S. and R.D. Iyer. 1980. Tissue
culture studies on coconut palm for its clonal
propagation, pp. 184—191. In P.S. Rao, M.R.
Heble and M.S. Chadha, (eds.). Proc. Nat.
Symp. on Plant Tissue Culture, Genetic
Manipulation and Somatic Hybridization
of Plant Cells. Bombay.

Neibaur, 1., M. Gallo and F. Altpeter. 2008.
The effect of auxin type and cytokinin
concentration on callus induction and plant
regeneration frequency from immature
inflorescence segments of seashore paspalum
(Paspalum vaginatum Swartz). In Vitro Cell
Dev. Biol. - Plant 44(6): 480-486.

Omar, M.S. and F.J. Novak. 1990. In vitro plant
regeneration and ethylmetanesulphonate
(EMS) uptake in somatic embryos of date
palm (Phoenix dactylifera L.). Plant Cell
Tissue Organ Cult. 20: 185-190.

Pannietier, C. and J. Buffard-Morel. 1986. Coconut
palm (Cocos nucifera L.), pp. 430-450.
In Y.P.S. Bajaj, (ed.). Biotechmology in
Agriculture and Forestry. Vol. 1. Springer-
Verlag. Berlin.

Paranjothy, K. 1986. Recent developments in cells
and tissue culture of oil palm, pp. 83-95. In
A.N. Rao and H.Y.M. Ram, (eds.). Proc.
Symp. Agric. Appl. Biotech. Costed-Madras.
India.



984 Kasetsart J. (Nat. Sci.) 45(6)

Perera, P.I.P., V. Hocher, J.L. Verdeil, S. Doulbeau,
D.M.D. Yakandawala and L.K. Weerakoon.
2007. Unfertilized ovary: a novel explants
for coconut (Cocos nucifera L.) somatic
embryogenesis. Plant Cell Rep. 26: 21-28.

Reynolds, J.F. and T. Murashige. 1979. Asexual
embryogenesis in callus cultures of palms. In
Vitro 15(5): 383-387.

Shah, M.I., M. Jabeen and I. Ilahi. 2003. In
vitro callus induction, its proliferation and
regeneration in seed explants of wheat
(Triticum aestivum L.) var. LU-26S. Pak. J.
Bot. 35(2): 209-217.

Sharma, D.R., S. Dawra and J.B. Chowdhury.
1984. Somatic embryogenesis and plant
regeneration in date palm (Phoenix dactylifera
Linn.) cv. ‘Khadravi’ through tissue culture.
Indian J. Exp. Biol. 22: 596-598.

Skoog, F. and C.O. Miller. 1957. Chemical
regulation of growth and organ formation in
plant tissue cultured in vitro. Symp. Soc. Exp.
Biol. 11: 118-140.

Srinivasan, C., R.E. Litz, J. Barker and K. Norstog.
1985. Somatic embryogenesis and plantlet
formation from Christmas palm callus.
HortScience 20(2): 278-280.

Srivastava, P.S. 1982. Endosperm culture, pp.
175-193. In Johri, B.M. (ed.). Experimental
Embryology of Vascular Plants. Springer-
Verlag. Berlin.

Sugimura, Y. and M.J. Salvana. 1989. Induction
and growth of callus derived from rachilla
explants of young inflorescences of coconut
palm. Can. J. Bot. 67(1): 272-274.

Tammes, P.M.L. and R.A. Whitehead. 1969.
Coconut, Cocos nucifera L, pp. 175-188. In
F.P.Ferweda and F. Wit, (eds.). Outlines of
Perennial Crop Breeding in the Tropics.
Veenman & Zonen N.V. Wageningen.

Thangaraj, T. and S. Muthuswani. 1990. Coconut,
pp. 336-385. In T.K. Bose and S.K. Mitra,
(eds.) Fruits: Tropical and Subtropical.
Naya Prokash. Calcutta.

Thomas, T.D. 2008. The role of activated charcoal
in plant tissue culture. Biotechnol. Adv. 26(6):
618-631.

Tisserat, B.and D.A. DeMason. 1980. A histological
study of development of adventives embryos
in organ cultures of Phoenix dactylifera L.
Ann. Bot. 46: 465-472.

Valverde, R., O. Arias and T.A. Thorpe. 1987.
Picloram-induced somatic embryogenesis
in pejibaye palm (Bactris gasipaes H.B.K.).
Plant Cell Tissue Organ Cult. 10: 149—
156.

Wang, T.Y. and C.J. Chang. 1978. Triploid Citrus
plantlet from endosperm culture, pp. 463—467.
In Proc. Symp. on Plant Tissue Culture.
Science Press. Peking. China.

White, D.W.R. 1984. Plant regeneration from
long-term suspension cultures of white clover.
Planta 162: 1-7.

Yong, J.W.H., L. Ge, Y.F. Ng and S.N. Tan. 2009.
The chemical composition and biological
properties of coconut (Cocos nucifera L.)
water. Molecules 14: 5144-5164.

Zaid, A. and B. Tisserat. 1984. Survey of the
morphogenetic potential of excised palm
embryos in vitro. Crop Res. 24(1): 1-9.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


