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ABSTRACT
Neolamarckia macrophylla belongs to Rubiaceae family and locally known as red kelampayan. It has
increasing demand industrially and economically because of its potential use in fuel-wood products
depleted in its natural environment.
and high timber quality. Due to its versatile properties, it has been
different
determine
the effect of
concentrations and combinations of plant
The aim of this study is to
N.
In this study, the leaves of N.
direct
of
macrophylla.
regeneration
on
plant
growth regulators
different concentration of
macrophylla are cultured on full strength MS media supplemented with
Naphthalene acetic acid (1.0, 3.0 and 5.0 mg/L, w/v) in combination with 6-Benzylaminopurine (0.5
for direct shoot organogenesis. Percentage of
mg/L, w/v) for direct root organogenesis and vice versa
formation,
shoot
and
root
per
explant,
shoot and root length and percentage
number of
shoot and root
by
ANOVA
using
one
way
and Duncan's Multiple Range Test
of direct organogenesis were analyzed
design
Randomized
Complete Design (CRD). The
22.
The
was
in SPSS Version
used
experimental
(25°C
2°C)
16
hours
light and 8 hours dark photof
temperature
with
cultures are maintained at room
3.0
NAA
in
had
that
The
shown
mg/L
combination
with 0.5 mg/L BAP
results
period for 56 DAC.
for
direct
be
found
the optimal medium
root organogenesis, which gave the highest
to
were
(87.50%).
In
addition, only low direct shooting response (6.25%)
percentage of direct root organogenesis
1.0
BAP
0.5 mg/L NAA.
MS
mg/L
and
medium with
were observed on the
Keywords: Neolamarckia macrophylla, 6-Benzylaminopurine, Naphthalene acetic acid, direct plant
regeneration
ABSTRAK
Neolamarckia macrophylla tergolong dalam keluarga Rubiaceae dan nama tempatan dikenali sebagai
kelampayan merah. Pokok ini mempunyai permintaan yang tinggi dari segi industri dan economic
disebabkan potensinya dUadikan produk fuel-wood' dan juga kualiti kayu yang tinggi. Spesis ini semakin
berkurang di alam sekitar disebabkan ia sensitif terhadap keadaan sekeliling. Kajian ini dijalankan adalah
kepekatan dan kombinasi pengaturan pertumbuhan tumbuhan terhadap penjana
untuk menentukan kesan
N. macrophylla dikultur atas MS media dengan kekuasaan penuh disamping
semulaan N. macrophylla. Daun
(1.0,
3.0 and 5.0 mg/L, w/v) dan 6-Benzylaminopurine (0. Smg/L, w/v) untuk
dengan Naphthalene acetic acid
Selain
itu,
6-Benzylaminopurine (1.0, 3.0 and 5.0 mg/L, w/v) dan Naphthalene
penjana semulaan akar terus.
batang terus dalam kajian ini. ANOVA Sehala dan
acetic acid (0.5 mg/L, w/v) untuk penjanaan semula
dijalankan
dengan
Duncan
telah
menggunakan SPSS Versi 22 untuk menganalisis
Ujian Julat Berganda
dan
bilangan
batang dan akar setiap pertumbuhan
luar,
batang
akar,
semula
peratus penjanaan
Reka
bentuk
bagi
kajian
dan
dan
terus.
ini
ialah
kepanjangan batnag
akar
peratus penjanaan semula akar
Reka bentuk Rawak Penuh (CRD). Kultur-kultur dikawal dalam suhu bilik (25°Cf2°C) untuk 16 jam
berlampu dan 8 jam keadaan gelap bagi 56 DAC. Keputusan kajian ini menunjukkan 3.0 mg/L NAA sekali
dengan 0.5 mg/L BAP memberi kesan yang paling positif dalam peratus penjanaan semula akar terus
(87.50%). Tambahan pula, hanya peratus penjanaan semula akar terus yang rendah (6.25%) didapati dalam
MS medium dengan 1.0 mg/L BAP sekali dengan 0.5 mg/L NAA.
Kata kunci: Neolamarckia
penjanaan

macrophylla,

Kelampayan,

semula

X

6-Benzylaminopurine,

Naphthalene

acetic acid,

1.0 INTRODUCTION
Red kelampayan or Neolamarckia

macrophylla

was a fast growing multipurpose

belonging to family Rubiaceae. Red kelampayan had huge commercial
potential and able to adapt on degraded land. N. macrophylla
Indonesia,

Vietnam,

tree

and industrial

originated from tropical

and Philippines.

Besides,

N.

rain forest

such as Malaysia,

macrophylla

was also found in Thailand and China before being introduced to South

Africa, Puerto Rico and Taiwan (Halawane et al., 2011).
Red kelampayan was a tree that can grows up to 40-45 m tall with a straight,
Due to its multipurpose uses like plywood, as a
columnar bole and self-pruning abilities.
source of short fiber for paper and pulp manufacturing,

furniture making, back and core

veneer, it has gained a great deal of attractiveness and elevated demand. N. macrophylla
was known to have favourable wood properties compared to Neolamarckia

cadamba as

it preserves well, having more durable wood and higher wood strength. Other than its
industrial

and commercial

importance,

red kelampayan

had been used widely

in

traditional medicine. The extract of leaves was used as mouth gargle and dried bark
Due to its increased demand for commercial,
served to relieve fever and as a tonic.
industrial

and therapeutic

basis, N. macrophylla

trees growing naturally

had been

in significant decline in its population.
randomly logged which resulted
Conventionally, N. macrophylla was propagated through vegetative reproduction,
which were readily dispersed by wind and water. However, vegetative propagation of N.
macrophylla

by traditional method is not effectual due to high sensitivity of nodal

segments against mechanical injury, poor rooting, easily susceptible to pests in the early
growth stage especially

nematodes (Rorong, 2014). In addition, the seeds of the N.

macrophylla are very tiny and vulnerable which often damaged by pests. The rate of seed

1

germination is limited due to lack of viable seed production and low in situ germination
percentage thus leading to low germination rate. Therefore, due to limited rate of seed
germination

and the seeds was susceptible

physiologically

to pests, it was imperative

stable plantlets such as micropropagation

to develop

which can be acclimatized in a

reduced time and at a lower cost.
Micropropagation
red kelampayan

such as direct organogenesis

tree planted

with quantities

had been the best method to have

and also quality.

Propagation

of red

kelampayan could overcome the problem of insufficient supply and natural destruction
such as easily susceptible

to pests and diseases in the early growth stage especially

nematodes. Besides, red kelampayan was an ideal choice for micropropagation

investment

because of its fast growth and multiple end-use of its wood. In this study, leaf explants of
N. macrophylla was used as explants to determine the appropriate concentrations of auxin
and cytokinin that enhance direct organogenesis of N. macrophylla.

This study will undertake with the following objective:
1. To investigate the effect of auxin (BAP) and cytokinin (NAA) at different
concentrations on root formation via direct organogenesis of N. macrophylla.
2. To determine the most suitable combination and concentration of growth regulators
(BAP & NAA) that enhances direct shoot organogenesis of N. macrophylla.

2

2.0 LITERATURE REVIEW
2.1 Habitat of Neolamarckia macrophylla
N. macrophylla

originated

from the Rubiaceae family and was derived from tropical

monsoon

climate regions. N. macrophylla

Vietnam,

and Indonesia,

macrophylla

could be found in Malaysia,

where it had been cultivated

grew on locations

Philippines,

as a source of plywood. N.

with height of 10-1000 meter above sea level and

(Joker, 2000). Furthermore,
commonly in areas that had more than 1500 mm rain per year
N. macrophylla also grew well in areas where annual daytime temperatures was within the
range 25 - 35°C. N. macrophylla

could be found in various types of soil, moist, warm

in swampy areas. In addition, N.
regions, often on alluvial ground, along river and
macrophylla

does not grew well on leached soils and badly drained areas even when soil

& Sudrajat, 2016).
properties were good (Yulianti
Table 2.1 Classification details of N. macrophylla

Kingdom

Plantae

Subkingdom

Tracheobionta (vascular plants)

Phylum

Spermatophyta

Division

Magnoliophyta (flowering plants)

Subclass

Asteridae

Order

Rubiales

Family

Rubiaceae (madder family)

Genus

Neolamarckia

Species

Neolamarckia macrophylla

Synonyms

Nauclea macrophylla, Bancalus macrophyllus
,
Anthocephalus macrophyllus

3

2.1.1 Morphology

N. macrophvlla

of Neolamarckia

macrophylla

had the potential of becoming the future wood supply because of its

straight trunk with long clear lobe. The wood of N. macrophvlla

was considered as a

lightweight hardwood and was categorized as Hardwood Class I1-I11 (Rismawati, 2011;
Setyaji et al., 2014). The height of N. macrophylla

could reach 40 meters with a stem

circumference

of more than 150 centimeters.

characteristics

because of its red, smooth and straight grain wood. The local name for N.

macrophylla

Besides, N. macrophvlla

had distinctive

was known as "Red kelampayan" as it possess red colour stem as shown in

Figure 2.1. In addition, the tree bore was reddish brown in colour fruits when they are ripe.
The leaves of red kelampayan was hairy, and the basal leaves are sharp-pointed. Both the
young leaf buds and the primary leaf veins was red in colour (Halawane et a/., 2011).

Figure 2.1 The morphology of N. macrophylla

4

leaves (Darmawan, 2016).

2.2 Uses of Neolamarckia

macrophylla

N. macrophylla had rapid growth rates and resilience to planting across range of growing
conditions. Hence, it had been preferentially selected for planting in various forestation
initiatives, as well as a timber crop-tree in agroforestry systems in some Southeast Asian
countries. The species had also been used successfully as a nurse tree for the reintroduction
of dipterocarp tree species in the restoration of secondary forest sites. Furthermore, N.
macrophylla

could rejuvenate depleted forest soils, as a result of the species having high

turnover of woody and leafy matter, which aids in improving the physical and chemical
properties of the soil upon decomposition (Halawane et al., 2011).
The wood of N. macrophylla was the main supply sources for plywood, furniture,
canoe, pulp and light construction (Tan et al., 2014). The bark had been used in traditional
medicine whereby the dried bark was used to relieve fever and as a tonic. Furthermore,
leaves extract was served as a mouth gargle. The communities in Central Halmahera and
Northern Maluku used the bark and leaves to increase stamina, reduce cholesterol and
increase womb fertility (Slkar et al., 1992). A yellow dye could be obtained from bark of
the roots. The flowers were the source of an essential oil which is important raw material
in the production of `attar', an Indian perfume with sandalwood (Sircar, 1992).
This species was also used as herbal remedy that had been mentioned in many
Indian medical literatures for the treatment of fever, anaemia, diabetes, uterine and liver
complaints,

menorrhagia,

diarrhoea, colitis, stomatitis,

dysentery and improvement

of

flowers exhibited nematocidal effects
semen quality (Slkar et al., 1992). The extracts of the
on Meloidogyne incognita (root knob nematode). Furthermore, the fruits and flowers were
eaten by some communities

(Smits et al.,

in Indonesia

1994). The leaves of red

kelampayan also contain antimicrobial, anti-fungal, antioxidant and anti-tumor properties.

5

Thus, red kelampayan was widely used in Ayurveda for treating skin diseases and soap
making (Zaky et al., 2014).

Figure 2.2: (A) Leafy branches of young tree with opposite leaves: (B) stem of young tree with lenticels
(Ubaldus, 2015).
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2.3 Application

of Micropropagation

Micropropagation

was a rapid multiplication

of a selected plant using in vitro cultures

techniques. In vitro clonal propagation provided identical plants of a selected genotype
using in vitro culture techniques (Thorpe, 2007). Micropropagation
to promote
environmental

germplasm

storage for maintenance

of disease-free

condition and in long term via cryopreservation

Furthermore, micropropagation

offered the advantages
plants in controlled
(Nukari et al., 2009).

also facilitate the rapid production of high quality, non-

seasonal production, disease-free and uniform planting material (Ahloowalia et al., 2004).
The plants can be multiplied under a controlled environment irrespective of the season and
weather throughout the year (Bourgaud et al., 2001).
One of the most significant aspects of in vitro cell and tissue culture was the
capability to propagate plants from cultured cells and tissues. The simplest type of in vitro
plant propagation was the stimulation of lateral bud development (George et al., 2009).
This technique exploited the normal onto-genetic route for branch development by lateral
meristems. The lateral buds was treated with hormones to break dormancy and produced
shoot branches (Zhu et al., 2015). Alternatively, the shoots were used as propagates for
1995).

further propagation (Philip & Hubstenberger,

Production of high quality and healthy planting material of ornamental, forest and
fruit trees, propagated

from vegetative parts, had created new opportunities

in global

trading for producers, nursery owners, farmers and for rural employment (Ahloowalia
al., 2004).
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et

2.4 Pathways of Plant Regeneration
Plant regeneration

was a process of growing an entire plant from a single cell. Plants

generally possess a high degree of developmental plasticity, which had long been utilized
for clonal propagation in the form of grafting and cutting (Melnyk & Meyerowitz, 2015).
Furthermore, plants display various types of tissue and organ regeneration. The attempt to
regenerate whole individual plants from single cells in vitro was started in the early 201h
century when Haberlandt (1902) proposed the concept of tissue culture. Plant regeneration
from cultured tissue could be achieved by culturing tissue section lacking a performed
meristems or from callus and cell cultures (De Filippis, 2014).
In contrast, adventitious regeneration 'events occur at unusual sites of a cultured
tissue such as internode, cotyledon, leaf blade, and root elongation zone, where meristems
do not naturally occur (Edwin et al., 2008). According to Nukari et al. (2009), adventitious
plant regeneration

generally

was dependent

upon the organized

explants

tissue.

In

from callus and cell cultures in the absence
comparison, de novo plant regeneration occurs
of organized
embryogenesis

explants

tissues. Whether

and organogenesis

techniques for propagation

adventitious

or de novo

were the two alternative

in origin, somatic

pathways

in plant tissue

in addition to direct root and shoot induction as shown in

Figure 2.3. According to Edwin et al (2008), most plants species were capable of plant
regeneration by either somatic embryogenesis and organogenesis, but very few species are
capable of both.

8

Figure 2.3: Pathways of plant regeneration from different explants (Malepszy, 2009).

9

2.5 Organogenesis

of woody plants

Organogenesis refers to the in vitro formation and development of organs such as shoots
and roots either directly from the explants or via callus differentiation.
been cultured in vitro since the 1930s. The development
methods such as organogenesis

Woody plants had

of modem biotechnological

had enable the achievement

of higher productivity

in

smaller areas through the selection of phenotype with characteristics of interest (Dutra et
al., 2009). In vitro propagation of woody plants via organogenesis
stages including initiation of cultures, multiplication

usually involved four

of shoots, rooting of shoots and

acclimatization of plants (Trigiano et al., 1992). The formation of shoot and root from the
explant or callus were termed caulogenesis and rhizogenesis respectively.
There are two general phases of organogenesis which are de-differentiation
differentiation as shown in Figure 2.4. De-differentiation
tissue to an unspecified form and acquire pluripotentiality.
cells loss the potential

and re-

is the reversion of a specialized
Under certain conditions, plant

of further division regain the capacity

to differentiation.

A

dedifferentiated tissue had the ability to act as meristems that could give rise to a different
set of cells. Re-differentiation

is the process by which a group of once differentiated cells

return to their original specialized form by converting into a part of the permanent tissue.
Dedifferentiated

tissues that act as meristems lose their ability for further' division once

new cells was formed. Eventually, redifferentiated

cells give rise to secondary structures

which carry out specific essential functions.
In addition, juvenile tissue from woody plants are more responsive to in vitro
manipulations
hypocotyls,
regeneration

than mature

tissues.

In general juvenile

explants

such as embryos,

cotyledons or bud explants from seedling are more responsive to in vitro
than bud explants

from mature trees (Bonga,

10

1987). The organogenic

potential of mature plant material was lower than juvenile origin material, which had been
recorded in Cedrela species (Robert et at, 2010). Mature explants lose morphogenetic
potential due to tissue specialization,
capacity (Garcia et at,

which reduces plasticity and cell differentiation

2011). There was also evidence that during tree maturation,

cytokinin decrease, thus reducing cell division and bud induction (Valdes et at, 2003).
Furthermore, root formation was favored by a relatively high level of auxin to
cytokinin and the reverse favored shoot formation. The improvement of organogenesis of
woody species was crucial to the development of the agricultural sector, especially for the
cultivation of high economic interest species, such as Eucalyptus grandis, Coffea arabica
and Rhamnus prinoides (Maurice et al., 2010).
Plant regeneration

from in vitro organogenesis

was only possible due to the

induction of stimuli for certain metabolic pathways that will trigger changes in the pattern
of development and cell growth, which are primarily controlled by the interaction between
plant growth regulators such as cytokinin and auxin (Trueman, 2010; Beeckman, 2011).
The formation of organs such as leaves, shoots and roots could be produced from the
explants either via direct or indirect organogenesis.
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Figure 2.4: Two different phases of organogenesis in plant tissue culture (Grafi et al., 2011).

2.5.1 Direct

organogenesis

Direct regeneration
because

propagation
organogenesis,

from leaf explant

from leaf explant was regarded as the most reliable
it upholds

genetic

emergence of adventitious

uniformity

among

the progeny.

for clonal
In direct

organ directly from the explant without an

intervening callus phase was termed "direct organogenesis".
For effective direct organogenesis propagation, concentrations of growth regulators
such as cytokinin and auxin are crucial (Kalimuthu et al., 2007). The optimum balance of
NAA and BAP is required to obtain a model direct organogenesis

system without an

undesirable callusing. The combination of cytokinin and auxin seems to have a synergistic
effect as cytokinin enhance cell division, stimulate axillary bud and adventitious
proliferation

shoot

while auxin regulate cell elongation, tissue swelling and shoot expansions

(George et al., 2009).

12

