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Abstract One of the challenges related to propagation of Arenga pinnata is its lengthy period 
of seed dormancy. In this study, in vitro regeneration was carried out to determine the effect of 
hormonal treatment on the embryo explant of Arenga pinnata. Embryos were surface sterilized 
and cultured into different media supplemented with various hormones concentrations and 
combinations. Each treatment contained of Kinetin (KN) hormone (1.0, 2.0, and 3.0 mg/l) and in 
combination with indole-3-acetic acid (IAA) of 0.1, 0.2, 0.3 mg/l. The height of plumule and length 
of radical was observed and recorded. Treatment 8 (3 mg/ml KN + 0.1 mg/ml IAA) showed 
59.09% in plumule height increment while treatment 4 (1 mg/ml KN + 0.3 mg/ml IAA) showed the 
highest radical increments with 93.62%. The knowledge gained in this study consequently helps 
us to better understand the role of KN and IAA in the in vitro regeneration protocol. Since in vitro 
method able to produce higher number of in vitro seedlings at one time, it is important to establish 
the in vitro regeneration protocol for this plant.  
Keywords: Arenga pinnata, sugar palm, in vitro regeneration, plant growth regulator. 
 

 

Introduction 
 
Arenga pinnata a member of Palmae family, also known as sugar palm, arenga palm, “enau” or ‘kabung’ 
is an economically useful plant because all parts of sugar palm can be turned into valuable things [1]. 
Sugar palm is a wonderful source of food, beverages, biofibres, biopolymers, and bio composites [2]. 
The sap extracted is an alternative for sugar while through fermentation process, byproduct obtained are 
vinegar and wine. In addition, the immature fruits are processed into canned fruit and the barks of the 
plant are manufactured into cordage. Generally, sugar palm trees grow near human settlement and are 
situated down the rivers in rural areas in Malaysia. The plantation size is approximately 892 hectares [3]. 
The first flower of sugar palm would be as early as five to six years, but on average it takes around ten 
to twelve years. The life span of the sugar palm ranges between twelve to twenty years old depending 
on the harvest environment. Apart from this, Arenga pinnata is typically propagated using fruit seedlings. 
However, a lot of attention and care needs to be paid to the seed cultivation of this crop. Another 
challenge faced is that the propagation is hindered by the limitations of recalcitrant seeds and prolonged 
dormancy [4]. To add on to the problems, the rate of germination is still low. All these limitations lead to 
uneven growth, slow seedling growth and development upon germination, therefore no interest to plant 
this crop commercially despite the various benefits they offer. In terms of the farmers there have been 
low availability of reliable information on palm sugar, long juvenility coupled with a short lifespan for 
harvesting the plant all adds up to the declining attraction for farmers and businessman to venture into 
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commercializing palm sugar as plantation. On the other hand, nursery germination of sugar palm trees 
is considered as low and highly inadequate. In order to conserve and maintain the viability and freshness 
of the seed of sugar palm very particular and specific temperature, humidity and storage requirement 
are to be checked to ensure the viability and ability of the seed to germinate. To sustain a healthy number 
of sugar palm through cultivation, the common method used were to collect the wild seedlings from 
natural regeneration which is then nurtured as nursery seedlings. However, this brings a new problem 
as the wild seedlings production depended greatly on natural regeneration; though wild domestication of 
sugar palm can be least costly as no labor is required for seeds planting, the intensive harvest of sugar 
palm fruits diminishes the source of seed for natural regeneration prominently [25]. For all these reasons, 
it is difficult for Arenga pinnata to be considered for commercial farming  
  
The declining in the number of sugar palm trees should be the concern because if this keeps on going 
there is a possibility of extinction of the sugar palm trees in the future. Hence, further research to develop 
organized and supplementation planting and conservation efforts of the seedlings is crucial. As much as 
the stated constraints in seed breeding of sugar palm trees is influenced, mainly uncooperative seed and 
dormancy, seed propagation may play an important role in sugar palm breeding especially for the 
variability and germplasm conservation purposes. These all will depend on the plant species; seed 
dormancy may last for only a few days or if several years. The alternate method to overcome the issue 
in generating mass production of sugar palm with uniform and rapid growth is through in vitro 
regeneration supplemented with PGRs hormone. It is naturally occurring that all plants release hormones 
in correspondence with their environment. These hormones functions in the regulation of growth, 
development, and metabolism. The location where hormones are normally made were at a variety of 
sites such as roots, buds, and leaves, and are relocated to targeted sites after combining with specialized 
receptors [16]. Hormones are responsible for different task and command on the plant i.e., manipulate 
plants reactions to environment strain, cell division, cell elongation and cell differentiation. They can 
produce several reactions conditional upon targeted tissues, plant’s developmental stages, relative 
concentrations, uptake and storing of water and other nutrients, and climatic conditions [17]. Hormones 
exists in the plant tissues, and the process of isolating, identifying, and extracting the hormones for 
studies and laboratory tests has been challenging as the amount that are inside the plant are rather low. 
However, with artificial hormones, these processes can be monitored and regulated, such as the 
formation and growth of buds, flowers, fruits and roots [18]. The industrial manufacture of the artificial 
hormonal products, also known as plant growth regulators (PGRs). Plant growth regulators are 
extensively utilized in agriculture, viticulture, and horticulture to boost growth in non-ideal or stressful 
conditions (e.g., short growing seasons, low soil fertility, and diseases) and to improve yields and ease 
of harvesting (e.g., prevention of immature fruit drop, accelerating maturity, and ripening etc. [19]. 
Cytokinin and auxin are common plant growth regulators used in plant tissue culture especially in vitro 
protocol [5,6]. Recent study highly suggested the use of kinetin (KN) relative to Zeatin, Thidiazuron (TDZ) 
and 6-Benzylaminopurine (BAP) to achieve the highest percentage of regeneration (83%), the highest 
number of shoot/explant (7.93 nos), and the highest shoot length (3.61 cm) for the nodal explant of 
cucumber [6]. In comparison, other previous work showed that kinetin with a concentration of 3.0 mg/l 
and 0.6 mg/l of NAA had the highest result [7]. The experiment was conducted with KN tested with 0,1.0, 
2.0, 3.0 mg/l and NAA with 0, 0.2, 0.4, 0.6 mg/l. Whereas IAA is an auxin form. Root and shoot 
development of higher plant relies on the ration of cytokinin: auxin. KN as a cytokinin for shoot 
development hormone and IAA as an auxin hormone to induce rooting. The study indicated that pigeon 
pea treated with IAA 10mm in pre-treatment (87.67±0.33 cm) had a significance difference with respect 
to control (68.00±0.58 cm) in terms of plant height [8]. Another studies on application of KN and IAA in 
a field study to improve the drought stress tolerance in four rice genotypes (Gharib’, ‘Khazar’, ‘Sepidrood’ 
and ‘IR83750-131-1’(‘IR83750’)) showed manipulation of amount used for IAA and KN are vital in  
developing the optimum drought tolerance ratio where highest percentage of relative water content 
(RWC) in “Sepidrood” (51.26% and 50.19% treated in IAA and KN respectively) and lowest electrolyte 
leakage (EL) with (25.79% and 27.59% treated in IAA and KN respectively) [9]. Hence, the aim of this 
study is to determine the optimum combination of KN and IAA on sugar palm culture and the response 
towards the hormone combination. 
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Materials and methods 
 
Preparation of Growth Medium and Explant 
 
A wide variety of microbial pollutants are present on the surface of the plant sections. The appearance 
of any pollutant can interfere with the development of explants or cultures and contamination of fungal 
or bacterial explants in plant cultures is typically detected 1-14 days after culturing [5]. Sterilization or 
disinfection of tissues is therefore important for the eradication of surface microorganisms.  
 
Prior to the preparation of an explant, the growth medium was prepared as described by [1]. Firstly, 70 
ml of deionized or distilled water was poured into a bottle. After that, 0.44g of Murashige and Skoog 
(1962) (MS) powder and 3 g sucrose were added and allowed to dissolve completely. Next, the medium 
volume was brought to 100 ml. The pH was adjusted to 5.8 with NaOH (1M) or HCl (1M). About 0.8 g of 
agar was applied to the medium and autoclaved at 1210C for 20 minutes. Then, the medium was cooled 
sufficiently and poured into sterile containers in a horizontal laminar air flow chamber, allowing the agar 
to solidify. The same steps were repeated by adding 1.0, 2.0, and 3.0 mg/l of kinetin and 0.1, 0.2 and 
0.3 mg/l of IAA, respectively. These hormones were added after sucrose had been added and allowed 
to dissolve completely.  
 
The preparation of Arenga pinnata explant begin with fruit sterilization and followed a procedure 
according to [5]. This should be done first, as the embryo is too delicate to interact directly with chemical 
substances. The fruits were placed under running water for 30 minutes. The fruit was then soaked in a 
mixture of general bleach (Clorox) and distilled water for 10 minutes. The fruits were rinsed for few times 
with distilled water. The fruits were then taken to the laminar air flow chamber and soaked with 90% 
alcohol for 5 to 10 minutes. Then, the fruits were rinsed once with sterilized distilled water followed by 
soaking the fruits in 70% Sodium Hypochlorite added with a few drops of Tween 20 (is an emulsifier that 
is applied at the rate of 1 drop per 100 ml of solution) for another 10 minutes. The fruits were then rinsed 
3 times with sterilized distilled water. 
 
In Vitro Regeneration Process 
 
After the fruits were sterilized, the embryos were obtained by cutting the fruits endocarp and pulp. Next, 
the embryos were placed onto the medium supplemented with various concentration and combination 
of KN (1.0, 2.0 and 3.0 mg/l and IAA (0.1, 0.2, 0.3 mg/l). The culture was germinated in a culture room 
at the temperature of 25 °C with 16 hours photoperiods. The culture was allowed to grow up to eight 
weeks.  
 
Experimental Design and Statistical Analysis 
 
Each treatment was replicated five times with a single explant for each vial. The height of plumule (cm) 
and length of radicle (cm) were evaluated and recorded as a growth parameter once a week until 8-
week-old. The findings were subjected to analysis of variance (ANOVA) and Duncan New Multiple Range 
Test (DNMRT) at a 5% probability level by using the Statistical Package for the Social Sciences (SPSS) 
version 21. 
 

Results and discussion 
 
Numerous studies have been established to illustrate the production of tissue culture from either the 
basal stem [9] and fruit [1,11] utilizing various PGRs such as 6-benzylaminopurine (BAP), 2, 4-
Dichlorophenoxyacetic acid (2,4-D) and KN related to multipurpose benefits from sugar palm. The 
current study therefore uses a mixture of KN and IAA as PGRs to evaluate the growth of sugar palm 
from fruit as an explant. The embryo explant demonstrated a response to the hormone-free MS medium 
and a regeneration protocol using MS medium supplemented by varying concentration of KN and IAA to 
stimulate the growth of both radical and plumule tissue. All treatment supplemented with PGRs showed 
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an improvement in the height of plumule and in the length of the radicals. The study began to show a 
response to the treatment as early as seven days after culture. The initial sizes of the embryos differ 
from one another.  
 
In vitro plant requires the formation of a complete nutritional medium and for exploration of plant 
physiological processes; it needs the addition of effective plant growth regulators. Cytokinin are the 
hormones that act to promote cell division and expansion, induction of buds, differentiation, promote 
lateral bud sprouting and inhibition of senescence. While auxin was the hormone that facilitate cell 
division and root differentiation. Auxin induces cell division, cell elongation, and formation of callus in 
cultures. Furthermore, it promotes growth such as in the formation of roots and root length, thus causing 
plants to absorb more water and nutrients for plant grow [24]. 
 
The result of the study shows a growth of plumule as early seven day-olds (Figure 1). At the end of week 
8, the heights of plumules were in the range of 0.78 cm to 0.92 cm (Table 1). The application of KN at 
1.0, 2.0 and 3.0 mg/l increase the activity cell division and expansion. Thus, the explant treats with KN 
increase higher compared to control. Cytokinins are synthesized in the roots and are mostly extracted 
from adenine, moving upward in the xylem (woody tissue) and passing through the leaves and fruits, 
where it’s required for normal growth and cell differentiation. Applying KN as a cytokinin not only 
successful to tissue culture experiment but also to the field experiment such as those carried out by [12] 
where, KN is added to soybean crops caused dry mass accumulation increases, resulting in a high yield. 
In fact, embryos require an average of seven days to increase the plumule height by 0.1 cm from previous 
height. Even though different concentrations of KN have been used as treatments for the embryo, 
plumule growth does not seem differ from each other.  
 

        
 

Figure 1. Plumule growths from embryo 
 

 

Table 1. Average height of plumule (cm) based on different treatment of KN and IAA for 8 weeks of culture 
 

 
 

KN IAA T Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
0 0 1 0.36±0.11a 0.38±0.08a 0.38±0.08a 0.42±0.04a 0.54±0.55a 0.62±0.08a 0.74±0.05a 0.78±0.08a

1 0.1 2 0.46±.011a 0.50±0.12ab 0.54±0.11b 0.62±0.11bc 0.64±0.11a 0.74±0.09a 0.82±0.08a 0.90±0.14a

0.2 3 0.50±0.07a 0.54±0.05b 0.60±0.07b 0.68±0.08c 0.72±0.08a 0.76±0.09a 0.84±0.05a 0.90±0.12a

0.3 4 0.40±0.10a 0.44±0.13ab 0.50±0.14b 0.52±0.11ab 0.60±0.10a 0.66±0.05a 0.76±0.11a 0.84±0.05a

2 0.1 5 0.42±0.08a 0.46±0.08ab 0.52±0.08b 0.60±0.07bc 0.68±0.18a 0.74±0.17a 0.82±0.13a 0.86±0.11a

0.2 6 0.46±0.11a 0.52±0.13b 0.60±0.10b 0.66±0.05c 0.70±0.07a 0.76±0.05a 0.88±0.08a 0.92±0.11a

0.3 7 0.50±0.07a 0.52±0.08b 0.58±0.04b 0.64±0.11c 0.68±0.08a 0.72±0.13a 0.86±0.15a 0.90±0.07a

3 0.1 8 0.36±0.11a 0.42±0.04ab 0.50±0.07b 0.58±0.08bc 0.64±.015a 0.72±0.15a 0.84±0.15a 0.88±0.15a

0.2 9 0.40±0.10a 0.44±0.08ab 0.50±0.07b 0.56±0.05bc 0.62±0.04a 0.72±0.15a 0.78±0.15a 0.82±0.08a

0.3 10 0.46±0.11a 0.55±0.07b 0.58±0.05b 0.62±0.05bc 0.68±0.04a 0.74±0.11a 0.86±0.05a 0.92±0.11a
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However, based on Figure 2, it shows that treatment 8 (3 mg/ml KN + 0.1 mg/ml IAA) had 59.09% 
plumule height increment, followed by treatment 1 (0 mg/ml KN + 0 mg/ml IAA) and treatment 4 (1 
mg/ml KN + 0.3 mg/ml IAA) with increment of 53.85% and 52.38% respectively. There was a difference 
of around 5.00% in height between the two. There were 2 treatments that showed the least response 
towards the hormone which were treatments 3 (1 mg/ml KN + 0.2 mg/ml IAA) and treatment 7 (2 mg/ml 
KN + 0.3 mg/ml IAA) with similar increments of 44.44%. the difference between the highest treatment 
8 of 59.09% with treatment 3 and 7 with the lowest height at 44.44% is around 15.00%. This showed 
that the plumule height is influenced by a higher KN concentration but when the concentration of IAA 
was increase in intensity the effect as well of increased, KN seems to be masked and the height does 
not seem to show steady growth needed. In this study, the supplement of KN at 3 mg/ml in treatment 
8 was higher in percentage of height increment. This might be due to the presence of optimum 
concentration of KN, which helps to enhance the expansion of the cell [15]. However, treatment 9 and 
10 were the lowest relative to treatment 8 although they received the same concentration of KN. The 
balance between IAA and KN should have the optimum ration and if some are over supply to the plant, 
it might have adverse effect on growth and development of the plant. The other explanation 
concentration of IAA may decrease the role of KN as the hormonal concentration increases. The 
physiological response tends to increase before the plant reaches the “saturation stage”, where the 
higher concentration of the hormone does not affect the plant to provide the same rate of physiological 
response until reaching the saturation point. Therefore, applying a higher concentration of the hormone 
after the plant exceeds the saturation stage would only reduce the physiological reaction. This was in 
consistent with previous study by [20], which stated that the response of pigeon pea towards the 
treatment of IAA and KN are to be influenced by the concentration applied and the cultivars used of 
the seed. The optimum ratio of IAA and KN on Pigeon pea showed that it may possibly encourage both 
physiological and biochemical properties. Thus, this improved development and productivity of the 
pigeon pea. Obviously, exogenous growth regulators are administered to deliver a balance against 
endogenous hormones to be able to manipulate physiological responses such as stimulants of cell 
division and extension. Both processes affected by the hormone’s auxin and cytokinin. Relatively lower 
auxin concentrations can stimulate shoots growth [23].                
 

 

 
 
Figure 2. The effect of different combination of KN and IAA treatment on the plumule height (%). The error bars represent the standard 
deviation of mean measurements for the plumule height. 

 
Although the plumule tissue was the first tissue that showed a response toward the treatments, the 
radical tissue showed faster development once it started to develop. The radical started to develop at 
28 days after culture (Figure 3). Only a few embryos exhibited radical developments on week 4 while 
the rest only start to develop radical tissue at week 5. With the range of 0.06 until 0.1 cm initial radical 
length, later the radical length increased up to 1.2 cm at the end of week 8 (Table 2). The radical 
development showed an outstanding growth with 0.3 cm increment in 1 week.  According to a study 
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conducted by [12], IAA initiates a signal transduction pathway resulting in the production of secondary 
messengers that activate pre-existing H+-ATPases and stimulates the expression of several genes 
related to growth and development. This supports the result, where treatment 9 (0.2 mg/ml IAA) 
showed the longest radicle length at week 8. The application of IAA may affect the protein content of 
developing sugar palm embryo. Adequate amount of IAA supplied or already in plant can encourage 
the protein synthesis process in plant tissues. This then, will help to heightened cell wall permeability 
thus, will encourage elongation as well as cell division [22]. 
  

    
 

Figure 3. Radical formations from embryo 
 

 
 

Table 2. Average length (cm) of radical based on different treatment of KN and IAA for 8 weeks of culture 
 

 
 

The radical length showed a significant difference in increment except for treatments 4, 7, and 10 
(Figure 4). It shows that treatment 4 (1 mg/ml KN + 0.3 mg/ml IAA) obtained the highest radical 
increments with 93.62% compared to other treatments. This is due to the saturation stage of hormone 
concentration in the vial. Treatment 4, 7 and 10 did not show a significant difference between 
treatments however, these treatments showed the highest increment of radical length. The amount of 
IAA was similar for all three at 0.3 mg/ml and the only difference is the amount of KN. This indicated 
that the radical length, growth, and elongation are depending on the IAA concentration. However 
combination and amount of IAA and KN might influence the various observations on the elongation of 
the radical.  
 
The results were supported by, [14] stated that the presence of the IAA in concentrations 1-3 mg/L 
improved root elongation and produced 1-3 thick single taproots. While the higher concentration of 
auxin (5.0mg/L) was not beneficial and resulted in callus formation at the base of explant. These 

KN IAA T Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8
0 0 1 0 0 0 0.08±0.09a 0.34±0.11ab 0.52±0.11a 0.74±0.11a 0.94±0.11a

1 0.1 2 0 0 0 0.10±0.07a 0.42±0.15b 0.58±0.08a 0.80±0.10ab 0.96±0.09a

0.2 3 0 0 0 0.10±0.10a 0.42±0.15b 0.62±0.11a 0.82±0.08ab 1.00±1.00a

0.3 4 0 0 0 0.06±0.07a 0.34±0.13ab 0.54±0.08a 0.76±0.09a 0.94±0.19a

2 0.1 5 0 0 0 0.08±0.08a 0.36±0.11ab 0.56±0.05a 0.76±0.05a 0.98±0.08a

0.2 6 0 0 0 0.08±0.05a 0.48±0.08b 0.64±0.15a 0.84±0.07ab 1.00±0.25a

0.3 7 0 0 0 0.06±0.08a 0.24±0.11a 0.58±0.09a 0.80±0.18ab 0.84±0.12a

3 0.1 8 0 0 0 0.08±0.08a 0.36±0.11ab 0.56±0.09a 0.76±0.11a 0.94±0.11a

0.2 9 0 0 0 0.10±0.05a 0.48±0.13b 0.68±0.11a 0.94±0.12b 1.20±0.12a

0.3 10 0 0 0 0.06±0.08a 0.41±0.08ab 0.52±0.15a 0.70±0.15a 0.90±0.15a
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showed that the amount of 0.3 mg/ml is the optimum amount for these explant and cultivar and any 
increment after might give a better or adverse effect to the culture. The second highest rise in the 
radical length, is closely followed by treatment 10 (3 mg/ml KN + 0.3 mg/ml IAA) and treatment 7 (2 
mg/ml KN + 0.3 mg/ml IAA) with increments of 93.33% and 92.86% respectively. The lowest total of 
increments shows by treatment 2 (1 mg/ml KN + 0.1 mg/ml IAA) with only 89.58%. Compared to the 
plumule tissue, the radical tissue shows a faster growth. The radical diameter shows small difference 
from its initial measurement while plumule tissue diameter increased as the height increased. The 
diameter of plumule continued to grow as the plumule bud grown. Different from the plumule, the radical 
tissue seems to grow only in terms of length, not its diameter. Until week 8, the maximum diameter of 
radical obtained was only around 0.3 cm. Root length increase caused by the process of cell division 
at the root tip meristem, then followed by the process of cell lengthening and enlargement. It shows 
that the concentration of hormone IAA used only effective in radical elongation not to widen the 
diameter of the embryo. Auxin i.e.: IAA plays a key position in regulating cell expansion through the 
activation of cell wall synthesis and modification-related genes [21]. 
 
 

 
 
Figure 4. The figure represents the effect of different combination of KN and IAA treatment on the 
radical length (%). The error bars represent the standard deviation of mean measurements for the 
radical length. 

 
 

Conclusions 
 

In conclusion, the optimum hormonal concentrations was obtained in treatment 4, indicating the 
hormone in the culture was sufficient for the in vitro regeneration of sugar palm. The plumule and 
radical growth of embryo explant response differently towards the combination of different 
concentrations of KN and IAA hormones. Concisely, KN and IAA hormones have the potential for in 
vitro plantlet production of sugar palm. The assessment on established in vitro plants need to be done 
until acclimatization stage to evaluate the stability of the plant. In addition, the effect of the combination 
hormones used on the genetic fidelity should be accessed using molecular marker for true-to-type plant 
production. 
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