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Effect of plant growth regulators on in vitro direct plant organogenesis of white kelampayan 
(Neolamarckia cadamba) 

Jong Ting Ee 
Resource Biotechnology Program 

Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 

ABSTRACT 

White Kelampayan, its scientific name is Neolamarckia cadamba belongs to the family of 
Rubiaceae. The fast growing characteristic of this tree species was found to have potential 
to be planted commercially because of it widely usage in wood industry and reforestation 
but it is difficult and time consuming to propagate using conventional method. However, 
an alternative approach had been evaluated to replace the problem caused by difficulties in 
traditional vegetative propagation to plant regenerating for in vitro studies. In this study, an 
efficient system was developed for direct plant organogenesis from in vitro derived leaf 
explants of N. cadamba, without the formation of callus phase. The in vitro procedure 
involved three steps that included induction of shoot initials from leaf tissues, regeneration 
and elongation of shoots from the shoot initials. The medium used for induction of shoot 
was achieved on full strength Murashige and Skoog (MS) medium supplemented with 
combination of cytokinin and auxin in different concentration. Through this experiment, 
the highest percentage of shoots induction (25%) recorded was using MS medium with 3.0 
mg/L BAP and 1.5 mg/L NAA, while the lowest percentage of shoots· induction (4.2 %) 
was recorded on the medium supplemented with 1.0 mg/L BAP and 1.5 mg/L NAA. The in 
vitro direct plant regenerated shoots showed the same morphological characteristics as 
mother plants. 

Keywords: Neolamarckia cadamba, plant growth regulators, in vitro plant regeneration 
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Effect of plant growth regulators on in vitrodirect plant organogenesis of white kelampayan 
(Neolamarckiacadamba) 

Jong Ting Ee 
Resource Biotechnology Program 

Faculty of Resource Science and Technology 
Universiti Malaysia Sarawak 

ABSTRAK 

Nama saintifik Kelampayan putih ialah Neolamarckia cadamba. Ia berasal daripada 
keluarga Rubiaceae. Pokok species ini adalah cepat pertumbuhan dan berpotensi untuk 
ditanam besar-besaran kerana ia banyak digunakan dalam industri kayu balak dan 
penghutanan semula manakala propagasi menggunakan cara konventional adalah sukar 
dan memerlukan masa yang panjang. Walaubagaimanapun, cara alternatif telah dinilai 
untuk menanggani masalah yang disebabkan oleh kesukaran dalam propagasi vegetatif 
tradisi untuk kajian in vitro penjanaan semula tumbuhan. Dalam kajian ini, satu sistem 
cekap telah ditubuhkan bagi in vitro organogenesis tumbuhan daripada daun eksplant N 
cadamba, tanpa pengenalan dengan frasa kalus. Mempunyai tiga prosedur in vitro iaitu, 
induksi pucuk dari tisu daun, penjanaan semula dan pemanjangan pucuk. Media yang 
diggunakan untuk induksi pucuk telah dicapai menggunakan kekuatan penuh Murashige 
and Skoog (MS) media ditambah dengan cytokinin dan auxin dalam kepekatan yang 
berlainan. Melalui eksperiment ini, purata tertinggi bagi pertumbuhan pucuk telah 
diperhatikan dalam MS medium menggandungi 3.0 mg/L BAP dan 1.5 mg/L NAA (25 %), 
manakala purata terendah bagi pertumbuhan pucuk telah dicatatkan pada medium yang 
menggandungi 1.0 mg/L BAP dan 1.5 mg/L NAA (4.2 %). Pucukyang ditumbuhkan semula 
in vitro mempunyai ciri-ciri morfologi sama seperti pokok asal eksplant. 

Kata kunci: Neolamarckia cadamba, hormon tumbuhan, tumbesaran semula tumbuhan in 
vitro 
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1.0 INTRODUCTION 

Neolamarckia cadamba is known as white kelampayan, it belongs to the family of 

Rubiaceae. It is an evergreen tree originated from India. This tree species can also be found 

in Malaysia, China, Bhutan, Myanmar, Sri Lanka, Thailand and Vietnam as it grows well 

on deep, moist, alluvial soil (faker, 2000). N. cadamba is one of the species that increase 

the source of income and contribute to the economics of the timber industry. 

In March 2005, a project was given to the Ministry of Plantation Industries and 

Commodities to develop forest plantation and to increase the timber production for the 

coming 15 years in Malaysia. Through this planted forest project, more forest plantation 

had been used for the large-scale propagation of fast-growing plant. This project ensures 

that there is a continuous supply of raw materials to the local timber industry to tackle the 

increasing demand of wood and reduce deforestation activities. 

Currently, N. cadamba remains as the primary species for pulpwood production in 

Malaysia (Lal et al., 2010). This is because kelampayan wood has many uses such as 

building materials and furniture compared to other timber plants (Yahya et al., 1999). The 

wood is commonly used to make products that strength and durability are less important. 

For example, in the making of paper pulp, container wood, light construction wood, paper 

box, concrete moulds and match box. Other parts of the trees such as it leaves and stem can 

be used as natural herb due to its pharmaceutical properties. 

One way to propagate this plant is through seedling sowing. However, propagation 

of woody plant using conventional method is time consuming and insufficient to provide 

large scale propagation (Huang et. al., 2014). According to Danida Forest Seed Centre 

Report (2000), the nutrient rich leaves and buds of juvenile plant have high chances of pest 

infestation by Lepidoptera and Coleoptera, this slows down the tree improvement process. 

Hence, plant regeneration application is required to improve this condition. 
1 



Many recent studies of N. cadamba include the use of only cotyledon leaf of 

explants for direct shoot organogenesis (Huang et. al., 2014) but so far there are no reports 
» 

on direct shoot organogenesis using young leaf explants in this species. In this study, . 
different concentration of plant growth regulator (PGR) treatment and the effect of in vitro 

direct plant regeneration were assessed. 

The main objective in this study was to determine the effect of different concentration of 

PGR on the direct regeneration of N cadamba plants 
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2.0 LITERATURE REVIEW 

2.1 Neolamarckia cadamba 

The detailed classification of white Kelampayan is as below: 

Kingdom Plantae 

Phylum Tracheophyta 

Class Magno liopsida 

Order Gentianales 

Family Rubiaceae 

Genus Neolamarckia 

Species N cadamba 

N., cadamba is a tropical tree species origin from the country of South Asia and 

Southeast Asia, including Indonesia. Other names of this species are· Sarcocephalus 

cadamba, Nauclea cadamba, Anthocephalus chinensis, Anthocephalus 

morindaefolius and Cephalanthus chinensis (Krisnawati et al., 2011 ). This species 

is a fast-growing tree and were found in fertile soils with well air aeration swampy 
. 

or flooded areas and in the secondary forests along the riverbank. The altitude for 

growing is between range of 300 and 800 m above the sea level. (Martawijaya et al., 

1992). 

3 



e CSIRO 

Figure: 2.1 Flower of N. cadamba. (Kristopher, K., 2011) 

N. cadamba was a large dioecious tree that has a mean height of 45 m, 

measure including branches. It stems diameter including buttresses can reach 

around 100-160 cm. It looks like a broad umbrella shaped crown with cylindrical 

straight bole. The branches were arranged in tiers. The branches spread horizontally 

and drop at the tip. In young trees, the bark is grey, smooth and very light. In 

comparison in old trees, the bark is rough and longitudinally fissured. The leaves 

have a mean measurement of 15-50 cm long by 8-25 cm wide. It was glossy green 

in colour, simple sessile to petiolate, and ovate to elliptical in shape. As shown in 

Figure 2.1, it flowers is small and orange in colour, appears like golden balls. The 

fruits are small capsules, packed closely together to form a fleshy, yellow or orange 

colour infructescence containing approximately 8,000 seeds. The small capsules 

were divided into four parts releasing the seed at maturity. (Lem.mens & 

Soerianegara, 1995). 

The seed production of N. cadamba under plantation condition usually 

begins by the age of 5 years. The tree starts flowering at the age of 4 years. The 

4 



flowering period commonly lasts 2 to 5 months. In Indonesia, flowering starts in 

April to August, sometimes March to November, and the fruits mature in June to 

August (Martawijaya et al., 1989). Seed. are mature when the colour of fruit has 

changed to dark brown. 

White kelampayan has many uses from all parts of the tree. The root bark 

was used to make yellow dye while the flowers produce essential oil. Even the 

extract of leaves could serve as gargle and the fresh leaves were used as fodder for 

cattle or sometimes as plates and serviettes. (Soerianegara & Lemmens, 1993). The 

wood produce was easy to process but non-durable. This species was categorized as 

light-hardwood and used extensively for pulp and paper manufacturing, flooring, 

beams and rafters, light furniture fabrication, light construction materials and as 

raw material for the preparation of certain indigenous medicines (Ouyang et al., 

2016). It is suitable for reforestation and afforestation projects and as windbreaks 

along roadsides and villages as well as for shelter for other crops in agroforestry 

systems. Besides, it can improve the physical and chemical properties of the soil 

under its canopy due to its large amounts of leaf and non-leaf litter (Orwa et al, 

2009). 

2.2 Plant tissue culture 

The development of plant tissues culture technology in the early 1960s has turned 

into a standard procedure for modem biotechnology. The five major areas where 

biotechnology application of in vitro cell cultures currently applied: firstly, in large 

scale propagation of plant; second, generation of genetic modified fertile individual; 

third, as a mode system for fundamental plant physiology aspects; forth, 

preservation of endangered species, and lastly, metabolic engineering of fine 

chemicals (Vargas et al, 2006). 
5 



There are two pathways for plant regeneration which are embryogenesis and 

organogenesis. Embryogenesis has classified into two main types somatic 

embryogenesis and seed embryogenesis. In vitro plant organogenesis is a 

regeneration process of non-meristematic plant tissues during which de novo organs 

is form, such as buds, roots and shoots can be produced from cultured of tissues 

from any parts of the plants (Thorpe, 1980). According to the experiment carried 

out by Chauhan et al. (2012) endangered species of plants can be preserved through 

tissue culture. There are several pathways of cultured cells and tissue takes to 

produce a complete plant which is through regeneration and organogenesis, somatic 

embryogenesis, and synthetics seeds. Among the mention pathways, the most 

preferred pathways for commercial multiplication are the ones lead to the 

production of true-to-type plants in large numbers. (Loberant & Altman, 201 0; 

Bhojwani & Razdan, 1983; Pierik, 1989). 

Theoretically, plant tissues cultures initiated from any part of the plant that 

contains cells have capability of regenerated into complete plant (Kumar & Singh, 

2009). It was also confirmed that, the meristematic tissue, parenchyma tissue, 

adventitious growth, and any parts of a plant can use as a source of explants as they 

generate new growth of a plant. According to Ahloowalia et al (2004), the explant 

such as the leaf, the intemode, node and roots were removed surgically and placed 

on a nutrient rich culture media to initiate the growth and it can be multiplied 

repeatedly by subculture. According to Smith (2013), there were study shown that 

cells fail to regenerate and growth into whole plant. 

In plant tissues culture, the balance of exogenous auxin and cytokinin in the 

medium is essential for de novo organogenesis (Skoog & Miller, 1957). In vitro 

regeneration provides an alternative mean for large scale multiplication. Plants 
6 



have been successfully regenerated through micropropagation, indirect or direct 

regeneration. (Varutharaju, 2014). 

According to micropropagation study by Zhan, (2010) using seedling of 

juvenile and mature tree origins of kelampayan species, the regeneration rate 

showed only moderately successful in juvenile-origin explants. The problem was 

caused by the contamination and heavy leaching of phenolics. An improvement 

study attempted by Hao et al., (2014), the success rate in plant regeneration of 

kelampayan species growth in DCR medium using cotyledon explants shown 54.2 % 

of adventitious shoot induction. 

2.3 Plant growth regulator and organogenesis 

The internal regulation mechanism plays by plant growth regulator (PGR) were to 

interact with the metabolic process in plant such as the nucleic acid and protein 

synthesis. Usually there were required in small quantities. PGR such as auxin and 

cytokinin function as growth promoter that involve in differentiation of plant cells, 

tissues and organ. In general, auxin stimulates the growth of adventitious root in a 

cut shoot, shoot elongation or differentiation of vascular tissue. Cytokinin 

stimulates cell division and inhibits senescence. The combination used of auxin and 

cytokinin stimulates cell division and differentiation. (Grafi et al., 2011). 

According to Zhao et al., (2008) different organ types are achieved by 

regulating the ratio between auxin and cytokinin. A relatively high ratio between 

auxin and cytokinin promotes the regeneration of root. Whereas, the reverse leads 

to the production of shoot. The explants cells proliferate to form callus when the 

same level of auxin and cytokinin are added into the medium. There was a mutually 
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relationship between the PGR concentration with specific development stages 

(Pedroza-Manirique et al. 2005). 
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3.0 MATERIALS AND METHODS 

3.1 Plant Materials and Media preparation 

Two pot of two month old in vitro seeds germinated explants sources with a height 

at about 4 to 6 cm were received from the Forest Genomics and Informatics 

Laboratory (FGiL), Faculty of Resource Science and Technology, UNIMAS. 

In this experiment, full strength Murashige & Skoog's (MS) medium were 

chosen for plant regeneration of the N. cadamda explants based on its 

effectiveness in tissue culture and the good quality results obtained found on 

previously done experiments on other species of plants. The pH of media was 

adjusted to 5.7 ± 0.1 before autoclave at 121° C for20 minutes. The combination 

used of different concentration of plant growth regulators, cytokinin (BAP with 0, 

1.0, 3.0 and 5.0 mg/L) and constant auxin concentration (NAA with 1.5 mg/L) 

with MS medium was prepared three days before leaf explants inoculation. This 

was to ensure that no contaminants arisen during the media preparation. 

3.2 Explant inoculation, media and culture condition 

The activities regarding cell and tissue culture must be carried out under laminar 

air flow cabinet. In this experiment, the young leaves of seeds germinated N 

cadamba explants were used. The selected youngest and fully expanded leaves 

with approximately 1.0 cm x 1.0 cm which include the mid vein of the leaves were 

prepared. They were inoculated onto the MS media contain different concentration 

of PGR (blank, 1.0, 3.0 and 5.0 mg/L BAP with 1.5 mg/L NAA). The abaxial site 

were placed side down on the Petri dish (Unda et al., 2007). 

The Petri dish was sealed with parafilm and growth under control condition 

at 28 ± 2° C temperature, 60 ± 10% relative humidity and 16 hours photoperiod 
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with LED plant grow light and 8 hours of dark. After that, the cultures were 

visually observed and the relevant data on shoot regeneration and leaf numbers 

were recorded every two weeks. 

Duration of 60 days was allocated to study the rate of direct shoot 

organogenesis. The subculturing was done on fresh medium of the same 

composition for the first times after two week of leaves inoculation. Then, the 

subsequent subculture to the fresh medium composition was done after every 4 

weeks to get desired response. 

In this study, the experiment data was carr ied out in a completely 

Randomized design (CRD). There were 6 explants inoculated on each Petri dish 
. 

and 4 replicates per treatment were prepared. The parameters such as the average 

numbers of shoot growth per explants, average shoot length and average leaf 

number were evaluated and recorded. Data were analyzed by analysis of variance 

(ANOVA) to detect significant differences between means. Means differing 

significantly were compared using Duncan's multiple range test (DMRT) at 

probability (a <0.05). SPSS statistical 25 software was used to analyze the whole 

data. 
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4.0 RESULTSANDDISCUSSION 

4.1 In vitro direct shoot regeneration from leaf explants of N.cadamba 
Treatment 14 DAC 30DAC 

Concentration 
6- 1 

Benzyla Naphthale 
minopuri neacetic 

ne, acid, 
(BAP) (NAA) 
(m /L) (mg/L) 

0 0 

60DAC 

1.0 1.5 

I I ' 
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Treatment 
Concentration 

(BAP) (NAA) 
(mg/L) (m /L) 

14DAC 30DAC 60DAC 

3.0 1.5 

5.0 1.5 

Figure 4.1: Observation of Direct Plant Organogenesis in 60 DAC 
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There are two way of plant regeneration pathway, direct and indirect organogenesis. In 

direct pathway of plant regeneration, normally shoots or roots was selectively inducing 

without the callus formation. In micropropagation system, intervening of callus is 

undesirable due to the possible introduction of somatic genetic variability (Smith, 2013; 

Unda et al., 2007). 

The plant cultures were assessed on the effect of combination use of various 

auxin and cytokinin on direct shoot regeneration. The BAP (1.0, 3.0 and 5.0 mg/L) in 

combination with fixed concentration of NAA (1.5 mg/L) was used to produce the 

direct shoot regeneration from leaf of in vitro regenerated N. cadamba plants. The 

observation in figure 4.1 shows that there is direct shoot organogenesis on media 

supplemented with 1.0, 3.0 and 5.0 mg/ L BAP and 1.5 mg/L NAA plant growth 

regulator. 

Figure 4.1 also shows that the direct shoot organogenesis for media 3.0 mg/L 

BAP with 1.5 mg/L NAA was observe during the 14 DAC. As compared to the study 

done by Saikia & Shrivastava (2015) on Aquilaria malaccensis, the shoot organogenesis 

was recorded after 38 DAC in 2.0 mg/L BAP with 0.1 mg/L NAA. 

Moreover, in the study done by Huang et. al, (2014) cotyledon .explants of N. 

cadamba was growth on concentration of 1 to 8 mg/L BAP and 0.05 mg/L NAA, the 

adventitious shoots were observed to growth after 3.5 weeks of culture. The used of 

media containing 3.0 mg/L BAP with 1.5 mg/L NAA in this study has improved the 

days of direct shoot induction. 

Based on the observation (Figure in 4.1 ), all the leaves explants inoculated on 

the blank media show no growth (0 %) or any symptoms of growth. The size of the leaf 

remains the same throughout the experiment. From the observation, it shows that the 

leaf starts to become brownish color after the first subculture. This also- shows that in 
13 


