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Abstract

Induction of adventitious shoot formation from mature zygotic embryo of oil palm was carried out in liquid MS medium
supplemented with various types of cytokinins. Kinetin (KN) alone at concentration of 0.5 mg/l gave the highest adventi-
tious shoot formation at 13.4%. However, abnormal shoots in form of inflorescence-like structure (ILS) were obtained in 5
mg/l KN containing medium. For coconut water a big ILSs were formed at 10.6%. Histological studied revealed that those

inflorescences had no clear floral organs.
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1. Introduction

Several studies have been conducted to commercial-
ize in vitro propagation of oil palm that could help to over-
come the limitations associated with conventional asexual
propagation techniques and to increase the number of plants
produced in a short time. Two main sources of explants were
chosen for the in vitro culture; young leaf (Ahee et al,
1981; Pannetier et al., 1981) and zygotic embryos (Teixeira et
al., 1993). In these two explants, embryo explants are more
convenient because fruit are readily available, have a high
degree of physiological uniformity, and can be shipped to a
long distances. Recently, secondary somatic embryogenesis
(SSE) was reported to be an efficient technique for plant
propagation from both sources of explants (Hilaec and Te-
chato, 2007). Multiple shoot formation in in vitro culture is
a disadvantage by using single shoot in this palm. Induction
of embryo-derived shoots (EDS) through somatic embryo-
genesis is now recognized as a useful technique for propa-
gation and in vitro conservation of oil palms. The whole
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processes of culture oil palms are no longer need cytokinin
for shoot development from EDS or germination of somatic
embryo (SE). Aberlence-Bertossi et al. (1999) observed that
cultivating the cell suspensions for one month in a large
quantity of liquid hormone-free medium, followed by plating
the cells on BA-enrich medium, promoted the growth of
proembryos, which then developed into globular and bipolar
stage embryos.

Flowering involves complex developmental and
physiological mechanisms and it is sensitive to environmen-
tal factors. The ability of explants to produce flowers in vitro
depends upon various factors such as internal and external
ones, as well as chemical and physical factors, which cannot
be predicted. In terms of chemical factors, plant growth regu-
lators play an important role in flowering. There have been
some reports on in vitro flowering of orchids but it was
species-dependent. Most of in vitro flowering orchids were
stimulated by cytokinin (Kostenyuk et al., 1999). Benzyl-
adenine (BA) at 20 uM was effective for the promotion of
flowering in the endangered species Kniphofia leucoce-
phala Baijnath compared with isopentenyl adenine (2i-P)
and zeatine (ZEA) (Taylor et al., 2005; Nguyen ef al., 2006).
Coconut water (CW) was found to be essential to trigger the
formation of transitional shoot apical meristem and was found
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to enhance inflorescence initiation and flower bud formation
(Sim et al., 2007). In case of rose cv. “First Prize”, sucrose
was reported to be the key factor in floral morphogenesis,
while cytokinin increased the flowering percentage and
helped the normal development of floral buds (Nguyen et al.,
2006).

So far, floral induction in vitro in oil palm tissue
culture was not documented. Te-chato (2009) reported that
flowering of oil palm was observed from tissue culture-
derived plants at nursery stage. This event suggests that plant
growth regulator (PGR) used for the tissue culture might
affect the differentiation of floral organ after acclimatization
to soil. Only few authors reported in vitro floral induction in
date palm (Ammar ef al., 1987; Masmoudi-Allouche ef al.,
2009). In these cases the authors indicated that photoperiod
was a key factor in inducing both male and female flowers
on 5-month-old seedlings. This paper reports the effects of
BA, kinetin (KN) and CW in culture medium on abnormality
of plantlet regeneration in vitro of oil palm.

2. Materials and Methods

Mature fruits of open pollinated oil palm were
collected from various numbers of hybrid tenera (Dura x
Pisifera; D x P) trees at Surat Thani Estate. The fruits were
brought to the laboratory and mesocarp was completely
removed from the fruits. The seeds were gently cracked and
zygotic embryos surrounded by kernel were carefully
removed using a sharp scalpel. The embryos with kernel were
again trimmed to form a small cube of size 5x5x8 mm and used
as explants for culture. The explants were surface sterilized
by 70% ethyl alcohol for one minute and 20% Clorox for 20
minutes. Surface sterilant was removed from the explant by
successive washing with sterile distilled water 3-5 times in a
laminar flow station. The embryos were aseptically removed
from kernel and cultured on culture medium without plant
growth regulators.

2.1 Germination, adventitious shoot formation, and detect-
ion of flowering in vitro

Single shoots obtained by culturing mature zygotic
embryo (MZE) on hormone-free MS medium for two months
were decapitated and separated longitudinally into half seg-
ments. Each half was cultured in liquid MS medium supple-
mented with 3% sucrose and either 5 mg/l benzyl adenine
(BA), 5 mg/l kinetin (KN), 0.5 mg/1 thidiazuron (TDZ) or 15%
CW. Each cytokinin or CW was used singly or in combina-
tion. All the liquid media were adjusted to pH 5.7 prior to
autoclaving at 1.07 kg/cm®, 120°C for 15 min. The cultures
were maintained on rotary shaker at 100 rpm at 27+2°C under
a 14-hr photoperiod with fluorescent lamps at 20 mmol/m?/
sec. After two months of culture viability and germination of
ZE, multiple shoot formation, and flowering were recorded at
monthly intervals.
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2.2 Histological analysis

ILSs developed in liquid MS medium supplemented
with 15% CW, 0.5 mg/1 BA and 0.5 mg/l KN were collected
and fixed in FAA II solution (formalin:glacial acetic acid: 70%
ethanol 5:5:90 v/v), dehydrated in ethanol-tertiary butanol
series for 48 hrs and embedded in Parafin (Paraplast). Embed-
ded tissues were sectioned with rotary microtome at 6-8 pm.
The sections were stained with ‘Fast Green’ and Saffranin,
and mounted with Permount on slide glass. Histological
observation was carried out under blight field illumination of
compound microscope.

2.3 Data analysis

For experimental design and statistical analysis, CRD
with 4 replicates (each treatment was replicated twice and
each replicate consist of 10 embryos/explants) was performed.
The percentage of cultures that produced adventitious
shoots or floral organ from different cross combinations was
recorded every month after four months. The data were
analyzed using analysis of variance (ANOVA) and mean
among treatments was separated by Duncant’s multiple range
test (DMRT).

3. Results

Each shoot half cultured on solidified MS medium
with all types and concentrations of PGR could not produce
multiple shoots after three month of culture. Only one shoot
was obtained from a half shoot explant (Figure 1). Different
genotypes gave different responses. D174xP206 cultured
with 5 mg/l BA or 5 mg/l KN survived at 100%, which was
significantly different (p<0.05) from the other two genotypes
(Table 1). Survived half shoot produced only one shoot with
one to two leaves. Cultured half shoot in PGR-free medium
turned brown at the highest percentage in all genotype tested
(see Table 1). However, a slightly higher number of roots
(0.25 root/shoot) was observed in this medium. Genotype
D366xP110 gave the best response in shoot development
with average leaf number of 2.1 leaves/explant when cultured
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Figure 1. Development of single shoot (A) from cultured half shoot
in solidified and adventitious shoots formation (B) in
liquid MS medium for three months. (bar=1cm).
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Table 1. Effect of PGRs on development of cultured half shoot on MS medium supplemented
with 3% sucrose and 0.65% agar for three months.

Crosses PGR Survivalrate  No. of leaves/ No. of roots/  Browning
(mg/1) (%) shoot shoot percentage
D174XP206 PGR-free 61.9bc 1.3bc 0.0b 49.5a
BA(S) 100.0a 1.4bc 0.1ab 18.1bc
KN (5) 100.0a 1.6abc 0.0b 31.4abc
TDZ(0.5) 54.3bc 1.0c 0.0b 29.5abc
CW (150)' 79.1ab 2.1a 0.0b 18.1bc
D366XP110 PGR-free 68.9abc 1.4bc 0.3a 489a
BA(S) 87.8ab 1.2bc 0.0b 42.2ab
KN (5) 88.9ab 1.5bc 0.0b 11.1c
TDZ(0.5) 61.1bc 1.0c 0.0b 31.1abc
CW (150)' 74.4ab 2.1a 0.0b 17.8bc
D865XP110 PGR-free 65.6bc 1.2bc 0.1b 489a
BA(S) 56.7bc l.1c 0.0b 41.1ab
KN (5) 67.8abc 1.3bc 0.0b 37.8abc
TDZ(0.5) 37.8¢c 1.0c 0.0b 35.6abc
CW (150)' 77.8ab 1.7ab 0.0b 23.2abc
F-test * * * *
C.V.(%) 245 213 3126 434

"'ml/1; * Significant difference at p<0.05; Mean sharing the same letters in common within

column is significant difference by DMRT.

on CW-containing medium. The medium supplemented with
15% CW resulted in low frequency of browning percentage
in average (Table 1).

By culturing half shoot in liquid medium of the same
components supplemented with 15% CW, 0.5 mg/l BA and
0.5 mg/l KN for four months (subcultured at monthly inter-
vals) adventitious shoot formation was obtained at 2.5
shoots/cultured half shoot (Figure 1). In addition, abnormali-
ties of shoots characterized by the developed small or big
size of inflorescent-like structure (ILS) were also found.
A large number of small sized ILS (75%) was observed at 5
mg/l KN whereas big sized ILS (10.6%) was found in CW
containing medium. Even though MS medium containing all
the PGRs and CW resulted in the highest frequency of ad-
ventitious shoot formation (13.4%), they also caused ILS of
both sizes (Table 2). Both sizes of ILS developed after two
months of culture and look like hydrilla or water thyme (Fig-
ure 2A). After that the branching of ILS was well developed
with clusters of floral buds (Figure 2B).

3.1 Histological analysis

Histological observation of this structure revealed
that floral organs e.g. perianths, ovary occurred at auxiliary
branches of inflorescence and apical portion (Figure 2C). Un-
fortunately, full development of those organs into complete
flowers and bloom in vitro was not observed. This pheno-

Figure 2. Abnormality of cultured half shoot in liquid MS medium
supplemented with 15% CW, 0.5 mg/l BA and 0.5 mg/l
KN after 4 months of culture. A: initiation of ILS after
two months of culture. B: branching of floral bud on in-
florescence axis. C: histology of floral bud revealed differ-
ent whorl of floral organs. S: sepal, P: petal, O: ovary, D:
development of big inflorescence after four months of
culture.
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Table2. Effect of PGRs on ILS and adventitious shoot formation on liquidified MS
medium supplemented with 3% sucrose after four months of culture.

ILS formation (%)  Adventitious No. of shoots/
PGRs (mg/1) : S hoot (% Jant
Smallsize  Big size shoot (%) explan
PGR-free 0.0c 0.0 0.0b 0.0b
KNGS) 75.0a 00 0.0b 0.0b
CW(150)' 0.0¢ 106 5.0ab 1.0ab
CW(150)+BA0.5KN(O0.5)  13.4b 63 13.4a 25
F-test * ns * *
C.V.(%) 29 102.5 73.5 774

'ml/1; ns: not significant difference; *: Significant difference at p<0.05; Mean sharing
the same letters in common within column is significant difference by DMRT.

menon was also observed in a big size of floral bud (Figure
2D). These organs proliferated very well in liquid medium.
After they were transferred to culture on agar-solidified
medium of the same component with or without activated
charcoal (AC), proliferation was arrested and further de-
velopment of floral organ failed. ILS turned brown and died
two months after transfer.

4. Discussion

Generally, cytokinin induces adventitious or multiple
shoot formation in culturing shoot tips or axillay explants
in vitro both in monocots and dicots. Although different
plant species responds to different kind and concentration of
cytokinin, BA was proved to be the most effective for that
purpose (Liu and Li, 2001; Goh ef al., 1994). Normally, addi-
tion of cytokinin into solidified medium is enough to induce
a large number of shoots (Arinaitwe et al., 2000). In case of
oil palm, there have been no reports on organogenesis
through shoot tip culture. In most case single shoot was
induced from both mature (Thawaro and Te-chato, 2009) and
immature zygotic embryos (Srisawat and Kanchanapoom,
2005) in either liquid or solid medium. However, shaking
culture of the embryos promoted a higher rate of absorption
of water and mineral nutrients as well, lead to easy germina-
tion and development of seedling (Srisawat and Kanchana-
poom, 2005). They also reported that culture of the embryos
on solid medium caused the higher browning of the explant.
Musgrave (1994) reported that cytokinin could prevent oxi-
dation of the culture tissue giving rise to minimization of
browning symptom and delay ripening of the fruits. CW
contains cytokinins or cytokinin-like substances, which
promote multiple shoot formation and popularly used in
clonal propagation of orchid (Te-chato et al., 2009) and
banana (Gupta, 1986). In the present study, BA and other
cytokinins were not effective in induction of multiple shoots
whereas CW at 15% (v/v) promoted a healthy development
of shoots with normal leaves.

Cytokinin is considered to be one of the most im-
portant physiological signals in flowering (Bernier et al.,
1993; Bonhomme et al., 2000). In many plant species includ-
ing orchids, addition of cytokinin to the culture medium was
also found to induce early flowering in vitro (Bernier et al.,
1988; Peeters et al., 1991). For example, in Arabidopsis, the
addition of cytokinin iPA was effective in inducing early
bolting and flower bud formation in vitro (He and Loh,
2002). The induction of vegetative shoot apical meristem to
inflorescence meristem was observed when Dendrobium
Madame Thong-In protocorms were cultured in modified
liquid Knudson C medium (Knudson, 1946) containing BA
and CW (Sim et al., 2008). BA was reported to be metabo-
lized easily into free radical of riboside which related to
flowering in vitro of oil palm (Jones, 1998). Our previous
study (Hilae and Te-chato, unpublished data) found that
addition of BA at 5 mg/l to SE germination medium of oil
palm resulted in an abnormality of shoots.
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