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In vitro flowering and fruit setting was firstly reported in oil palm micropropagation. Vitro-
flowering at 10.2% was obtained in MS medium supplemented with 12 mg/l paclobutrazol
(PBZ), 8 mg/l a-naphthaleneacetic acid (NAA) in the presence of high concentration of sucrose
(7%). However, long term culture of seedlings or plantlets in vitro is needed. Practically, 6
months of culture with routine subculture at monthly intervals was observed. Upon two
consecutive subcultures (two months) of vitro-flowering plantlets to ARDA medium efficient
fruit setting was obtained. The fruits were small in size with three lobe of stigma. Long section
of the fruits revealed only mesocarp without seed. This suggest that fruits might develop
parthenocapically.
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Introduction

Oil palm is pioneer tropical edible plant that had been introduced in the
last two decades in the developing country in Southeast Asia. This vegetative
palm oil had been taking primary categorized as strategic industrial project, due
to rise up as much as principal sector income in country producing of oil palm
such as Indonesia, Malaysia and Thailand. A huge of scientific reports have
been conducted on oil palm micropropagation (Te-chato et al. 2003; Te-chato
and Hilae, 2007) in order to mass propagation of oil palm to keep pace with the
increment world oil palm demand.

Nowadays, there are many reports have been released on in vitro
flowering study (Nizam and Te-Chato.,2010; Zang ef al. 2002; Franklin et al.
2000, Jumin and Ahmad. 1999, Jumin and Nito1996). The main objective of
this study was to gain a better understanding of the underlying principles and
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control of the flowering and reproductive processes. In fact, those factors were
not well defined on in vitro flowering and growth of embryo-derived shoots
(EDSs) of oil palm. Flowering is the crucial transition point from vegetative to
generative growth named “switch-on” mechanism was intensively controlled by
various complex factors such as flowering time and meristem identity genes
(Kostenyuk et al. 1999; Simon et al. 1996; Nilsson and Weigel, 1997). There is
no clear confirmed the influence on floral mechanism. It may be influenced by
various factors affecting plant development (Sachs and Hackett, 1983),
including plant hormones (Bonnet Masimbert and Zaerr, 1987; Dickens and
Staden, 1988 and 1990) and nutrient in culture medium (Dickens and Staden,
1988; Bernier et al. 1993). In vitro flowering in oil palm is the understanding
way that the factor might be caused by either physiological phenomenon or
hormone substance.

In terms of lacking information referred to in vitro flowering in oil palm
methods, this is a new finding of the development of efficient plant tissue
culture procedures for in vitro flowering in this plant. This mechanism is
important for the application of these technologies for improvement. The main
purpose of this study was to create a rapid method that might influence on in
vitro flowering and subsequence fruit setting in order to optimize the cultural
conditions for embryo derived shoot development of oil palm. Especially,
several effects of various plant nutrient whether carbon sources and hormone
supplied known to affect plant growth development.

Materials and methods
Plant material and culture conditions

EDSs of Thepa clone were selected as plant material. Those shoots were
established by the protocol described by Te-Chato et al. (2004) which normally
lack of roots. They were maintained under two different methods. First method
was maintenance on solidified MS medium without plant growth regulators
(PGRs). The second method was maintenance in liquidified MS medium which
the ingredients were decreased to half strength of original concentration, so
called 2 MS. The latter medium was supplemented with 0.06 mg/l oo-
naphthaleneacetic acid (NAA) and 0.03 mg/l 6-benzyladenine (BA). All
cultures were maintained under light conditions (25pumol/m*sec, 14 hour
photoperiod) at 28+2°C and routinely subcultured to fresh medium of the same
components at monthly intervals for their proliferation. These shoots were
individually excised and used for further experiment.
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Root and flower induction from EDSs

Single micro-shoots at approximately 4 cm in length from EDSs were
excised and transferred to rooting medium. Rooting medium was solidified
ARDA medium modified by supplementation with several concentrations of
PGRs and sucrose. Two factors, PGRs and concentrations of sucrose were
examined for in vitro root and flower induction. For sucrose, concentration at 0,
30, 50, 60, 70, 80 and 90 g 1" was designed. Each concentration of sucrose was
combined with NAA at concentration 0, 2, 4, 6 and 8 mg 1! together with
paclobutrazol (PBZ) at concentration 0, 3, 6, 9 and 12 mg I". All media were
adjusted to pH 5.7 before adding agar and autoclaving. The cultures were
maintained under 14 h photoperiod of 25umol/m?/s at 28£2°C. After 4-6 weeks
of culture percentage of root and in vitro floral induction were recorded and
statically compared in each factor using completely randomized design (CRD).

Fruit setting and morphological observation

In order to stabilize in vitro growth and development of flower prolonged
subculture period is needed. Vitro-flowering plants were transferred to basal
MS with 3% sucrose but without PGRs and subcultured at monthly intervals for
6 months. Fruit setting and morphological of those fruits were examined.

Results and discussions
Root and flower induction from EDSs

Combination of NAA ranging from 2 to 8§ mg/l and PBZ at 3 to 9 mg/I
influenced on flower formation (Table 1). So far, the two PGRs promoted
elongation of leaf sheath surrounded shoot apex. There is abscission layer at
basal part of the sheath caused the senescence of those leaves after two weeks
of culture. At week three a new leaf with shoot emerged from the apex leading
to the collapse of the old one (Fig. 1A). After four weeks of culture healthy
plant with shoot was obtained and the first root could be seen (Fig. 1B).
Elongation of vegetative organs was confirmed the beginning of the further
plantlet growth. The basal part of shoot could response to form adventitious
root which was originate from periderm, cell near the vascular cambium and
phloem. Growth of those plantlets gradually increased and floral development
was observed after 5 months of culture (Table 2). Numerous factors contribute
to this process, especially, PGRs are one of the most main factors (Amarjit,
2000). In the absence of PBZ, this phenomenon was not observed. It seems that
this mechanism was accelerated by PBZ. The mode of action of PBZ has been
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associated with reduction of water potential (Edwin et al., 2008) which
decreased transpiration, thus, improved root formation and malfunction.
Although in tissue culture there seems to be sufficient water flow (Beruto et al.,
1999) which may be favored by the stomata being continuously open (De Klerk
and Wijnhoven, 2005).

Sugars are another factor affecting physiology processes in plant growth
and development. Among those sucrose is commonly used as carbon and
energy sources in plant tissue culture (White, 1943; Murashige and Skoog,
1962; Gamborg, 1970) which influences upon plant regeneration (Chen and
Chang, 2002). In addition, sucrose is primary source known for reliable in
induction and development of flowers in vitro. The presence of carbon sources
in culture medium is necessary for floral stimulation (Singh et al. 2006). In this
study, the highest sucrose concentration tested (9%) promoted growth of shoots
in association with root formation. Furthermore, sucrose is the key important
role in floral induction. Similar results have been reported in many plant
species such as rose (Vu et al.2006), Passiflora suberosa (Scorza and Janick.
1980), Vigna mungo (Ignacimuthu et al. 1997). Jumin and Nito (1996) reported
that addition of 3-7% sucrose to culture medium could induce floral induction
in Fortunella hindsii. The better response was achieved when cultured on
medium containing 7% sucrose in the presence of 8 mg 1"'NAA and 12 mg I
'Paclobutrazol (Table 1, Fig. 2). Both PGR and sucrose might have a
synergistic effect in plant growth development.

Attempts in root induction of shoot are very important in the final step of
any in vitro propagation scheme and necessary to adopt a separate rooting
procedure using special culture medium. The results from previous study
showed that NAA and PBZ containing medium were more efficacies on root
induction from EDSs without root. Both NAA and PBZ were recommended to
be advantage for root induction in tissue culture of woody plants (Nizam and
Te-chato, 2010). Sometime these PGRs containing medium act as promotion
effect on shoot elongation before rooting.

Prolonged culture of rooted shoot in ARDA medium in the presence of
NAA and PBZ together with higher concentration of sucrose at 7%, were found
to induce floral development. However growth of rooted shoot in terms of its
elongation was decreased. In addition, reduction of PBZ concentration to 3 mg
I"' promoted inhibitory effect on root induction whereas high concentration at 9
mg 1" promoted a healthy growth of all plantlets significantly (Fig. 2). Sucrose
is known to be the main carbon source for in vitro flowering induction (Rastogi,
1987). Availability of sucrose in aerial parts of the plant promotes flowering in
Arabidopsis thaliana (Roldan, 1999). Sucrose and cytokinins interact with each
other for floral induction in Sinapis alba by moving between shoot and root
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(Havelange, 2000). In the present study, addition of sugar at high concentration
of 7% (70 g/1) to the medium could induce floral induction in vitro, both male
and female flower.

Occasionally, PBZ could induce flowering and increase the number of
flower in several woody species such as Rhondodendron (Gent, 1995; Ranney
et al. 1994). Paclobutrazol act as potent growth regulator activity and high
efficacy of the response in ormamental plants. Paclobutrazol is able to exist in
the different enantiomers or stereoisomers which plays inhibitory role in sterol
biosynthesis (Sugavanam, 1984). One example of those activities is blocking
multiple steps in the biosynthesis of gibberellins and sterols.

Fruit setting and morphological observation

The key success on plant tissue and organ culture is depending on
artificial culture medium, which supplied the nutrients necessary for growth
and development. The primary media constituents are greatly influenced by the
nature of the culture medium used. To date, long term maintenance at more
than 5 months was considered to induce flowering process. Tissue culture
propagated plants of oil palm have been extensively planted in tropical climate,
especially, Southeast Asia since past two decades, and healthy, early and
synchronously of maturing crops were obtained. However, instances of
occurrence of abnormal plants with changed morphology and reduced vigor
have been observed in some populations. This could be due to the repeated
subculture of the in vitro cultures.

The effect of prolonged subculture which initiated floral development
process is not well understood. Besides being effected by external factors, the
processes might be controlled by internal factors as well. However, the
progressive of in vitro oil palm growth rate including flowering could be
impacted by several subcultures. Due to the complexity factors affecting floral
initiation several studies related to subculture time and photoperiod was
reported in ornamental plant, C. niveo-marginatum (Kostenyuk et al. 1999).
This phenomenon was inhibited by Gibberellic acid which markedly delayed
flowering in C. niveo-marginatum even when the flower promoting treatment
was applied. However, paclobutrazol, an anti-gibberellin agent, totally blocked
the inductive effects of either cytokinin or pruning determined the transition
period from the vegetative to reproductive stage of Cymbidium niveo-
marginatum (Kostenyuk et al 1999). In this investigation, prolonged
subcultured to 6 months was long enough to initiate floral formation (10.2%)
from plantlets raised in vitro under those conditions (Table 2, Fig. 3).
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Fig. 1. Prolonged subculture maintenance period of EDS for growth and floral induction after 6
months of culture in medium supplemented with 8 mg I" of NAA in combination with 12 mg 1"
PBZ with 8% sucrose.

Table 1. Effect of PBZ and NAA containing MS medium supplemented with
8% sucrose, 200 mg/1 ascorbic acid on flower induction and fruit setting in oil
palm after 7 months of culture

PBZ (mg/l) NAA (mg/l) Number of flowers Number of fruit sets
2.0 3.0 1.8+£031d 0b

4.0 6.0 20+£047cd 0b

6.0 9.0 42+037b 0b

9.0 12.0 102+£0.57a 33£0.79a

Mean sharing common letters within column is not significantly different (» <0.05) by DMRT

Table 2. Growth and development responses of vitro-flowering plantlets at
different numbers of subcultures on ARDA medium supplemented with 7%
sucrose and 200 mg/l ascorbic

Parameters Growth/development response of 6-month-old vitro flowering
observed plantlets in improved media

3" subculture 4" subculture 5" subculture 6" subculture
Stem height (cm) 5.5 6.8 8.5 8.4
Leaf width (cm) 1.7 3.1 35 32
Shoot number 1.0 1.0 1.0 1.0
Leaf length (cm) 83 94 11.0 11.5
Floral color - - Dark green Light green
Fruit color - - Light green red
Root characters Long and thin  Long and thin Short and thick ~ Short and thick
Root number 34 6.2 8.1 8.6
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Table 3. Effect of sucrose concentrations on in vitro flowering and root
formation of EDSs oil palm after 3 months  of culture on ARDA medium
supplemented with 200 mg/1 ascorbic acid, 8 mg/l NAA and 12 mg/l PBZ

Sucrose concentration Root Formation (%) Formation of Shoot elongation (cm)

(g Flowers (%)

0 0 0 0

30 7 0 55 + 0.80.c

50 10 0 63 =+ 0.67bc
60 12 42+037b 71 + 0.69b

70 83 102+0.57a 144 +031a

80 10 0 32 +£0.02d

90 0 0 0

Mean in a column with same alphabets is not significantly different (p <0.05, DMRT)

Fig. 2. Root induction from culturing EDSs on PGR-free MS medium (A) and ARDA medium
with 0.5 mg/l NAA after 2 months of culture (B). Both culture media were supplemented with

7% sucrose and 200 mg/1 ascorbic.
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Fig. 3. Stage in in vitro flower development (arrows) on MS medium supplemen
sucrose, 200 mg/1 ascorbic acid , 8 mg/l NAA and 12 mg/l PBZ for 5 months (A) and 6 months
(B) subsequent to transferring to ARDA medium with 0.5 mg/l NAA for 2 months (C) and
development of young fruits after 6 months e culture (D) and mature fruit after 8-10 months
of culture ( E, F). (bar = 1mm.)

Mt

ted with 7%

Paclobutrazol in combination with NAA was considered as key factor in
induction of in vitro flowering of oil palm. The increment in plant growth and
floral induction was influenced by both PGRs added to the media which were
periodically changed with refreshing medium. Although paclobutrazol
commonly recognized as growth inhibitor on some plants, but it was the
beginning significant initiation of in vitro flowering in oil palm. On the other
hands, the greatest flowering response occurred when sucrose concentration
was raised to 7% or 70 g/l (Table 3). Young or baby green fruits (Fig. 3B, 3D)
in inflorescence were observed after 6 month of culture on MS medium
supplemented with 7% sucrose, 200 mg/l, 6-8 mg/l NAA and 9-12 mg/l PBZ.
Development of mature fruits (Fig.3C, 3E, 3F) was obtained on ARDA
medium with 0.5 mg/l NAA for further 2 months. Without subculturing to the
new culture medium the green fruits failed to develop into mature fruit. The
inflorescence together with the fruits withered and died soon after subculturing.
This evident of further development was supported by nutrition factor
contained in new culture medium. Unfortunately, the fruits were small in size
with three lobe of stigma. Long section of the fruits reveale% cnly mesocarp
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without seed suggesting that they might develop parthenocapically. With high
concentration of sucrose applied to the culture medium adverse effect of plant
growth mechanism was obszrved. The present study gave clear evidence that
sucrose at 9% was harmtul on growth and elongation of both shoots and roots.

The advantage of in vitro flowering of oil palm obtained in this
experiment will help us to understand factors affecting flower induction and
their mechanisms. As it has been reported earlier that flowering of oil palm
seedling was obtained from pre-nursery stage grown tissue culture plants. All of
those plants produce flower or inflorescence at terminal bud leading to stop
growing of the plant and finally died. This phenomenon causes a severe
damage to oil palm plantation. If these mechanisms are well understood early
screening of abnormal plants would be culling prior to hardening and growing
to nursery. On the other hands, vitro flowering plants will be used as DNA
template for molecular marker assist selection of those abnormal plants. Thus,
results obtained from the present study will persue development a new protocol
on precocious of nature flowering of oil palm.

Aknowledgement

The author fully appreciated and grateful The Centre of Excellence in Agricultural and
Natural Resources Biotechnology, Oil Palm Agronomical Research Center, Faculty of Natural
Resources, Graduate School, Prince of Songkla University, Hat Yai, Songkhla, Thailand and
the Higher Education Research Promotion and National Research University Project of
Thailand, Office of the Higher Education Commissionfor financial supported for financial
supported. This value idea was dedicated to Faculty of Agrotechnology, Islamic University of
Riau (UIR), Pekanbaru, Riau, Indonesia.

References

Amarjit, S.B. (2000). Plant Growth Regulators in Agriculture and Horticulture: Their Role and
Commercial Uses. Food Product Press, New York.

Beruto, M., Curir, P. and Debergh, P. (1999). Influence of agar on in vitro cultures II. Biological
performance of Ranunculus on media solidified with three different agar brands. In Vitro Cell.
Dev. Biol. Plant. 35: 94-101.

Bernier, G., Havelange, A., Houssa, C., Petitjean, A. and Lejeune, P. (1993). Physiological signals that
induce flowering. Plant Cell 5:1147-1155.

Bonnet-Masimbert, M. and Zaerr, J.B. (1987). The role of plant growth regulators in promotion of
flowering. Plant Growth Regulation 6: 13-35.

de Klerk G.J. and Wijnhoven, F. (2005). Water retention capacity of tissue-cultured plants: performance
of leaves from in vitro germinated mungbean seedlings. Prop. Omam. Plants 5:14—18.

Dickens, C.W.S. and Standen, J. van. (1988). The induction and evocation of flowering in vitro. S. Aftr. J.
Bot. 54:325-344.

Dickens, C.W.S. and Standen, J. van. (1990). The in vitro flowering of Kalanchoe blossfelddiana
Poellniz. 11. The effect of growth regulator and gallic acid. Plant Cell Physiol. 31: 757-762.

Edwin, G., Mike, H. and De Klerk, G.J. (2008). Plant Propagation by Tissue Culture 3™ Edition: Volume
1. The Background. Springer Verlag Netherlands.

Franklin, G., Pius, P.K. and Ignacimuthu. S. (2000). Factor affecting in vitro flowering and fruiting of
green pea (Pisum sativum L.). 115: 65-73.

1087



Gamborg, O.L. (1970). The effects of amino acids and ammonium on the growth of plant cells in
suspension culture. Plant Physiol. 45: 372-375.

Gent, M.P.N. (1995). Paclobutrazol or uniconazole applied early in the previous season promote flowering
of field grown rhododendron and kalmia. Journal of Plant Growth Regulation 14: 205-210.
Havelange, A., Lejeune, P., Bernier, G. (2000). Sucrose/cytokinin interaction in Sinapis alba at floral

induction: A shoot-to-root-to-shoot physiological loop. Plant Physiology 109: 343-350.

Ignacimuthu, S., Franklin, G., Melchias, G. (1997). Multiple shoot formation and in vitro fruiting of Vigna
mungo L. Hepper. Curr. Sci. 73: 733-735.

Jumin, H.B. and Ahmad M. (1999). High-frequency in vitro flowering of Murraga paniculata (L.) Jack.
Plant Cell Reports 18: 764-768.

Jumin, H. B. and Nito. 1996. In vitro flowering of Fortunella hindsii (Champ.). Plant Cell Reports 15:
484-488.

Kostenyuk, 1., Oh, B.J. and So, LS. (1999). Induction of early flowering in Cymbidium niveo-marginatum
Mak. in vitro. Plant Cell Reports 19: 1-5.

Ranney, T.G.R.E., Bir, J.L. Conner and Whitman, E.P. (1994). Use of paclobutrazol to regulate shoot
growth and flower development of Roseum elegans rhododendron. Journal of Environmental
Horticulture 12: 174-178.

Rastogi, R., Sawhney, V.K. (1987). The role of plant growth regulators, sucrose and pH in the
development of floral buds of tomato (Lycopersicon esculentum Mill.) cultured in vitro. Journal
of Plant Physiology 128: 285-295.

Roldan, M., Gomez-Mena, C., Ruiz-Garcia, L., Salinas, J. and Martinez-Zapater, J.M. (1999). Sucrose
availability on the aerial part of the plant promotes morphogenesis and flowering of Arabidopsis
in the dark. Plant Journal 20: 581-590.

Singh, B., Sharma, S., Rani, G., Virk, G.S., Zaidi and Nagpal, A. (2006). In vitro flowering in
embryogenic cultures of Kinnow mandarin (Citrus nobilis Lour x C. deliciosa Tenora). African
Journal of Biotechnology 5: 1470-1474.

Simon, R., Igeno, M.I. and Coupland, G. (1996). Activation of floral meristem identity genes in
Arabidopsis. Nature 384: 59-62.

Sachs, R.M. and Hackett, W.P. (1983). Source-sink relationships and flowering. /n:  Strategies of Plant
Production. (ed. W.J. Meudt), pp. 263-272 Allan held, New York.

Scorza, R. and Janick, J. (1980). In vitro flowering of Passiflora suberosa L. J. Am. Soc. Hort. Sci. 105:
892-897.

Sugavanam, B. (1984). Diastereoisomers and enantiomers of paclobutrazol: Their preparation and
biological activity. Pesticide Science 15: 296-302.

Te-Chato, S., Asalan, H. and Ibrohem, Y. (2003). Improve callus induction and embryogenic callus

formation from culture young leaves of oil palm seedling. Thai J. Agric. Sci. 35: 407-413.

Te-Chato, S. and Hilae, A. (2007). High-frequency plant regeneration through secondary somatic
embryogenesis in oil palm (Elaeis guineensis Jacq. var tenera). Journal of Agricultural
Technology 3:345-357.

Murashige, T., Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco tissue
cultures. Physiol. Plant. 15: 473-497.

Nizam, K. and Te-chato, S. (2009). Optimizing of root induction in oil palm plantlets for acclimatization
by some potent plant growth regulators (PGRs). Journal of Agriculutural Technology 5: 371-383.

Nizam, K. and Te-chato, S. (2010). The effect of potent plant growth regulators (PGRs) on in vitro
flowering of oil palm. The 7" regional IMT-GT Uninet and The 3™ Joint International PSU-UNS
conference on Bioscience for the future 2010, Songkhla, Thailand. 7 — 8 October. pp. 175. (oral
presentation).

Vu, N.H. Anh, P.H. and Nhut, D.T. (2006). The role of sucrose and different cytokinins in the in vitro
floral morphogenesis of rose (Hybrid tea) cv. “First Prize”. Plant Cell, Tissue and Organ Culture
87:315-320.

White, P.R. (1943). Nutrient deficiency studies and an improved inorganic nutrient for culture of excised
tomato roots. Growth 7: 53-65.

(Published in May 2012)

1088



