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Effect of BAP on In Vitro Shoot Induction of Neolamarckia macrophylla (Red
Kelampayan)

Chia Chun Min

Resource Biotechnology
Faculty of Resource Science and Technology
University Malaysia Sarawak

ABSTRACT

Overpopulation and increase in demand of timer have caused the depletion of timber resources.
Therefore, Neolamarckia macrophylla (red kelampayan) belongs to family Rubiaceae is selected as one
of the species for forest plantation and reforestation programmes in Sarawak due to its fast growing
characteristic. However, conventional propagation of N. macrophylla is time consuming and possessed
several problems mentioned. Therefore, in vitro shoot induction of N. macrophylla should be explored
for mass propagation purposes in order to meet the global demands for timber resources. Effect of BAP
on in vitro shoot induction of N. macrophylla was investigated. The optimum concentration of BAP on
in vitro shoot induction of N. macrophylla was determined. In this study, BS media supplemented with
different concentration of BAP (0.5, 1.0 and 1.5 mg/L) was used for in vitro shoot induction from nodal
explants of N. macrophylla. The parameters used in this study were number of shoots, shoot regeneration
percentage (%), multiple shoot induction percentage (%) and shoot length (cm). The data was analyzed
by using One-way ANOVA and Duncan’s Multiple Range Test (DMRT) in SPSSS version 22. Result
showed that the B5 supplemented with 0.5 mg/L BAP had given the highest mean number of shoots with
3.80 shoots per explant. 100% of shoot regeneration was observed in BS treated with 0.5 and 1.0 mg/L
while highest shoot length was observed in B5 blank. One-way ANOVA showed significant effect of
BAP in terms of number of shoots regenerated. In this study, BS supplemented with 0.5 mg/L BAP was
identified as optimum concentration on in vitro shoot induction of N. macrophylla.

Keywords: Neolamarckia macrophylla, BAP, number of shoots, shoot regeneration,
multiple shoot induction.



Effect of BAP on In Vitro Shoot Induction of Neolamarckia macrophylla (Red
Kelampayan)

Chia Chun Min

Resource Biotechnology
Faculty of Resource Science and Technology
University Malaysia Sarawak

ABSTRAK

Lebihan penduduk dan permintaan yang meningkat pemasa telah menyebabkan kekurangan sumber
kayu. Oleh itu, Neolamarckia macrophylla (kelampayan merah) tergolong dalam keluarga Rubiaceae
telah dipilih sebagai salah satu spesies untuk program perladangan hutan dan penanaman semula hutan
di Sarawak kerana sifatnya yang cepat tumbuh. Walau bagaimanapun, pembiakan konvensional N.
macrophylla sangat memakan masa dan mempunyai beberapa masalah yang disebutkan. Oleh itu, in
vitro pucuk induksi N. macrophylla telah digalakkan untuk tujuan penyebaran besar-besaran untuk
memenuhi permintaan global bagi sumber kayu. Kesan BAP in vitro pucuk induksi N. macrophylla telah
dikaji. Kepekatan sesuai BAP in vitro pucuk induksi N. macrophylla telah ditentukan. Dalam kajian ini,
media B5 ditambah dengan kepekatan BAP yang berbeza (0.5, 1.0 dan 1.5 mg/L) telah digunakan dalam
vitro pucuk induksi dari eksplant nodus N. macrophylla. Parameter yang digunakan dalam kajian ini
ialah bilangan pucuk, peratusan pertumbuhan semula pucuk (%) peratusan pelbagai pucuk induksi (%)
dan panjang pucuk (cm). Data telah dianalisis dengan menggunakan One-way ANOVA dan Duncan’s
Multiple Range Test (DMRT) dalam SPSSS versi 22. Keputusan menunjukkan bahawa BS ditambah
dengan 0.5 mg/L BAP telah memberikan nombor min yang tertinggi iaitu bilangan pucuk dengan 3.80
pucuk pada setiap eksplan. 100% daripada pertumbuhan semula pucuk diperhatikan dalam BS
dirawatkan dengan 0.5 dan 1.0 mg/L manakala panjang pucuk tertinggi diperhatikan dalam B5
kosong. One-way ANOVA telah menunjukkan kesan BAP yang ketara BAP dari segi bilangan pucuk
tertumbuh. Dalam kajian ini, BS ditambah dengan 0.5 mg/L BAP telah dikenal pasti sebagai kepekatan

optimum di in vitro pucuk induksi N. macrophylla.

. Kata kunci: Neolamarckia macrophylla, BAP, bilangan pucuk, pertumbuhan pucuk semula, pelbagai
pucuk induksi.



1.0 Introduction

Timber is a natural resource that is involved in the production of furniture, paper manufacture,
building and construction. However, overpopulation and substantial increase in demand have
caused the rapid depletion of timber resources. According to Malaysia Timber Industry Board
(2009), it is estimated that the annual production of logs of Malaysia for the period 2016 — 2020
from Permanent Reserved Forest will be reduced to approximately 14 million m? from around
19.4 million m*® during 2006 — 2010. Shortage of the timber resources indirectly increases the
dependency of Malaysia to other ASEAN countries by importing the timber resources from
them. Therefore, to ensure the sustainable supply of timber, large-scale plantation of fast

growing species is one of the ways to solve this issue.

Neolamarckia macrophylla is one of the potential species to solve the issue due to its
fast growing properties and self-pruning ability (Halawane et al., 2011). According to Halawane
et al. (2011), kelampayan tree has higher economic value compared to sengon tree with the same
tree diameter. Therefore, this species had caught the attention of the government and private
sectors due to its growth characteristic and economic profitability. Although large plantation of
N. macrophylla provides good timber resources, the bottleneck of this species plantation lies
with limited knowledge of propagation information and technology. Based on a research
conducted by Irawan and Purwanto (2014), the community interest in kelampayan plantation
for livelihood support and land rehabilitation were high. However, this situation did not balance
with sufficient skill and knowledge of silviculture practices, particularly the proper seedling
propagation methods. For example, the failure of kelampayan plantation in Southeast Sulawesi
was due to the limited knowledge of seed germination and seedling propagation among the

communities (Irawan and Purwanto, 2014). Besides, kelampayan propagation is also hampered




by its limited availability of seeds, low seeds germination and the seeds are not suitable for long
term storage. This is because long term storage of N. macrophylla seeds will indirectly affect
the germination rate and viability of the seeds due to the recalcitrant nature of the seeds (Da
Rosa et al., 2011; Yudohartono, 2013). Moreover, N. macrophylla seedlings are susceptible to
diseases such as leaf curl, leaf spot, black mildew and damping off disease (Halawane et al.,

2011). Damping off disease is one of the diseases observed in seedling which cause the seedling

to rot and fall over (Islam et al., 2005).

According to FAO World Bank Development report, human population is projected to
increase from 6.4 billion in 2005 to 7.5 billion in 2020 while the globél demand for wood
products is estimated to increase up to 6.4 billion m? in 2020. Therefore, tissue culture
technology was encouraged to meet the expanding population and huge global demand for wood
products. Since the conventional propagation methods of N. macrophylla are restricted by time
consuming and several problems mentioned above, tissue culture of in vitro shoot induction of
N. macrophylla for mass propagation should be explored. Application of 6-Benzylaminopurine
(BAP) might induce the shoot regeneration of N. macrophylla. In this study, different

concentrations of BAP was used to determine the suitable concentration for shoot regeneration

of N. macrophylla.

The objectives of this study are:

. To study the effect of BAP on in vitro shoot induction of N. macrophylla.

II. To determine the optimum concentration of BAP on in vitro shoot induction of N.

macrophylla



2.0 Literature review

2.1 Neolamarckia macrophylla

Neolamarckia macrophylla is also known as red kelampayan or jabon merah is one of the fast
growing species belong to family Rubiaceae which can be found in Indonesia, Malaysia,
Vietnam, Sri Lanka, Filipina, Papua New Guinea, Thailand and China (Chang et al., 2014). V.
macrophylla has another scientific name known as Anthocephalus macrophyllus. Based on
Pereira et al. (2015), the genus Neolamarckia is an accepted name for Neolamarckia
macrophylla and Neolamarckia cadamba (White kelampayan). However, the genus name of

Anthocephalus still frequently being used in Asia. The classification of red kelampayan is shown

below:
Kingdom : Plantae
Sub Kingdom : Tracheobionta
Super Division : Spermatophyta
Division : Manoliophyta
Class : Magnoliopsida
Sub Class : Asteridae
Order : Rubiales
Family : Rubiaceae
Genus : Neolamarckia
Species : Neolamarckia macrophylla



In the early period, most of the Southeast Asia countries did not prioritize kelampayan
species in tree domestication process due to lack of understanding of the characteristics of this
species. At the moment, N. macrophylla has been identified as one of the promising timber
species which extensively planted in Southeast Asia countries due to its fast growth
characteristic and multiple uses (Supriyanto et al., 2014). For example, around 18,851 hectares
of kelampayan were planted in Sarawak in order to meet the aspiration of state government
which had targeted to establish one million hectares of forest plantations by 2020 (Forest
Department Sarawak, 2018). While in Indonesia, approximately 1200 hectares of red
kelampayan have been planted in South Halmahera Regency and North Hélmahera Regency in

2008 to 2009 through a program known as Hutan Tanaman Rakyat (HTR) (Cahyono et al.,

2012).

2.1.1 Morphology of Neolamarckia macrophylla

Neolamarckia macrophylla is able to grow up to 40 to 45 m with 1.5 m in diameter of straight
and cylindrical bole without branching due to self-pruning ability of the species (Halawane et
al., 2011). The self-pruning ability of this species has reduced the needs and cost for tree
management (Irawan and Purwanto, 2014). The height and diameter of N. macrophylla will
increase 3 m and 7 cm respectively per year while it is ready for logging after 4 to 6 years of
planting (Change, et al., 2014). Besides, the stem is reddish black when young and become dark
red when mature. The leaves are elliptic to ovate, deciduous and large with 20 to 60 cm long
and 8 to 25 cm wide in opposite and decussate arrangement (Pereira ef al., 2015). The fruit of
N. macrophylia is round shaped and reddish-brown when ripen while the seeds are very tiny
with 0.5 mm in length. The morphological characteristic difference between N. macrophylla

and N. cadamba are shown in Table 2.1.




Table 2.1 Morphological differences between N. macrophylla and N. cadamba

Characters N. macrophylia N. cadamba
Young leaf shoots color Red Light brown
Leaf base shape Wedge-shaped Rounded
Leaf midrib color Red Yellowish green
Leaf stalk Absent Present
Young stem color Blackish red Brownish green
Mature tree trunk color Blackish Brownish grey

Fruit color

Reddish brown when ripen

Yellow when ripen

Figure 2.1 Trunk of red kelampayan (left) and white kelampayan (right) (Halawane et al., 2011)



Red kelampayan White kelampayan

Figure 2.2 Leaves, fruits and seeds of red kelampayan (A, C and E) and white kelampayan (B, D and F)

(Bramasto et al., 2015)



2.1.2 Uses of Neolamarckia macrophylla

The uses of N. macrophylla can be observed in ecological restoration, commercial and medicine
value. Due to its fast growing characteristic, N. macrophylla can be used as nurse tree to provide
shelters and nutrients for slow growing primary forest trees in ecological restoration of logged
area. According to Pereira et al. (2015), N. macrophylla was able to improve the physical and
chemical properties of soil through decomposition of its high turnover of leaf and woody matter
which indirectly increase the carbon content and nutrients availability in soil. Besides, compared
to other fast growing species such as Paraserianthes falcataria (sengon) and Gmelina arborea
(gmelina), N. macrophylla are easier to grow and shows higher pests resistance (Irawan and

Purwanto, 2014). Therefore, this species is suitable for reforestation program which is one of

the concerns by the government.

Moreover, N. macrophylla has high commercial value due to its wood properties. The
wood hardness is classified from Class I (the hardest) to Class V. Based on Palemba et al. (2013),
the wood of N. macrophylla was harder than N. cadamba. For example, the hardness N.
macrophylla’s wood was categorized as Class H-III which was better compared to N. cadamba
and P. falcataria (sengon) (Halawane et al., 2011) while it has a specific gravity of 0.48 and
very low in shrinkage (Lempang, 2014). Furthermore, the natural durability of N. macrophylla’s
wood against the subterranean termite known as Copfotermes curvignathu was classified as
Class II (Cahyono et al., 2012). Due to its superior wood properties and durability, the wood of
N. macrophylla was suitable for timber trade and provide good material for plywood making,

boxes and crates manufacturing, furniture, paper and pulp manufacturing (Pereira et al., 2015).




N. macrophylla also involved in traditional medicine. According to Pereira et al. (2015),
the bark and leaves of N. macrophylla can be used to relieve fever, increase stamina, reduce
cholesterol and increase womb fertility. Furthermore, the extracts of the flower exhibit

nematicidal effects on nematode such as Meloidogyne incognita while the fruits are eaten by

some of the local communities in Indonesia.

2.2 Conventional propagation of Neolamarckia macrophylla

The conventional propagation method of N. macrophylla implemented by the farmers are
through seed sowing. The seeds of N. macrophylla are best sown in nursery instead of direct
sowing in field as direct sowing will reduce the germination rate due to their small sizes and
their susceptibility toward the extreme environmental conditions such as drought and flood.
According to Pereira et al. (2015), the seeds are sown on sterile fine soil or 1:1 ratio of fine
mineral soil and fine sand. Besides, the sowing media need to be sterilized before sowing to
reduce the contamination rate and diseases which can affect the germination rate or the early
germinants (Pereira et al. 2015). Optimal nursery media include the characteristics such as well
drainage system, fertile soil, light texture and free from pests and diseases. After sowing, the
seeds will be covered with a transparent plastic in order to maintain optimal nursery media
(Irawan and Purwanto, 2014; Setyaji et al., 2014). According to Halawane et al. (2011) and

Setyaji et al., (2014), the seeds will be germinated within 8 to 30 days after sowing.

According to Fern (2014) and Pereira et al. (2015), the 8 to 12 weeks old seedlings with
2 to 3 leaflets emerged and attained a height of around 2 to 3 cm can be transplanted to plastic
bags or containers. Besides daily watering, fungicide should be applied once a week while the
fertilizer is recommended to apply at least 2 weeks after the transplanting (Pereira et al., 2015).

Fertilizer is essential to improve the quality and growth of the seedling. For example, Palemba

10



et al. (2013) have identified that the application of 2 g/L of fertilizer Gandasil D was an optimum
doses for good vegetative growth in N. macrophylla. Sometimes, liquid fertilizer is also used as
alternative by the farmers to improve the seedling growth. Based on Supriyanto et al. (2014),
application of liquid fertilizer of 150 ml/L cow urine was able to improve the seedling growth.
However, the application of fertilizer was not necessary to enhance the seed germination due to
the superior germination rate promoted by the pure soil and soil-sand media (Irawan and
Purwanto, 2014). Therefore, farmers are encouraged not to wasting their time and effort in
producing a special germination media. Besides, Irawan and Purwanto (2014) had identified
that the best media for seedling growth was the mixed soil, compost of cow manure and husk
charcoal in a ratio of 3:1:1. This media composition also shown to increase the diameter of the
stem and total dry weight as reported by Irawan and Purwanto (2014). Fertilizer shows positive
effects in seedling growth as the fertilizer contain the fundamental nutrient elements such as
nitrogen, phosphorus and potassium which are important for plant development. When the

seedlings reach a height of approximately 30 to 50 cm which is around 6 to 7 months after

transplanting, the targeted seedlings can be outplanted to field.

2.3 In vitro micropropagation

In vitro micropropagation is one of the plant tissue culture techniques in which the cells, tissues
or organs of desired plant was isolated and cultured in vessels under aseptic and controlled
environment in order to produce identical plantlets (Altman, 2000). Many commercial plants
were propagated by this method with the application of auxin and cytokinin on the culture
medium (Rout and Jain, 2004). The first regeneration of Cyclamen shoots from tuber segment
on MS medium supplemented with 10.7 uM NAA was conducted by Mayer in 1956. In vitro

propagation technique has many advantages compared to the conventional vegetative method
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such as large scale production plants in short period of time, production of genetically identical
pathogen-free plants, the plants can be produced at any period of time and cheap labour cost

(Kumar and Reddy, 2011). Therefore, this technique has been applied in plant tissue culture

laboratories for commercial production of superior plants.

Many research of in vitro propagation of woody species has been conducted. According
to Beck e? al. (1998), multiple shoots were regenerated from nodal explants of Acacia mernsii
by using 2.0mg/1 of BAP. Based on a research conducted by Amin et al. (2002) on Ixora fulgens
(Rubiaceae), the combination of 0.5 mg/l of BAP and 0.1mg/l of NAA showed the highest
frequency of shoots regeneration from nodal and shoot tip explants. Dibax e/ al. (2005) had
conducted in vitro plant regeneration of Eucalyptus camaldulensis from cotyledonary leaves.
The best result obtained by this group of researcher was culturing the explants on the media
supplemented with 2.7 pmol/L NAA and 4.44 pmol/L BAP. Furthermore, Kumar et al. (2010)

had successfully regenerated Jatropha curcas from leaf tissues and petiole. Therefore, it is

possible to in vitro micropropagate N. macrophylla by using plant growth regulators.

2.3.1 The stages of micropropagation

Generally, the standard procedures of micropropagation can be divided into five stages (Kumar
and Reddy, 2011). The first step of micropropagation technique is the production of pathogen-
free mother plants (stock plant) in greenhouse under hygienic condition. It is then followed by
initiation stage which involves the selection of explants (shoot tip, node, leaf, root, internode
and etc.) from pathogen-free mother plant before cultured on suitable media under aseptic and
controlled environments (Kumar and Reddy, 2011). The next step is known as multiplication
stage whereby the cultures are aseptically being subcultured into new media for propagule

proliferation. At this stage, the growing explant can be induced to produce shoot by the

12




application of cytokinin. The subsequent phase is known as rooting phase in which the plantlets
will be induced to produce roots by the application of auxin. After the plantlets have grown to
desirable state, the plantlets are being transferred into ex vitro environment for acclimatization

purposes (Zobayed et al, 2000). Figure 2.3 shows the overall idea of micropropagation

technique.
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Figure 2.3 Stages of micropropagation (Hargreaves, 2018)

2.4 Factors affecting micropropagation

According to Kumar and Reddy (2011), there are many factors affecting in vitro

micropropagation. This includes tissue culture media, carbon sources, type of explants and

orientation of explants.
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