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ABSTRACT 


Metroxylon sagu a mono cot tree native to equatorial swamplands is fast becoming an 
important source of industrial starch. Sago palm can be grown from seeds but it is 
generally propagated by suckers. As sago palm cultivation is expanding on a plantation 
scale, it has become increasingly difficult to meet the demand for superior planting 
materials by conventional propagation. A more advance propagating technology has to be 
developed to produce the sago palm in a short period of time to fulfill the world demand 
on the sago starch industries. In this research, we are trying to find the best composition 
of media that able to induce the somatic embryogenesis for the plant regeneration of 
Metroxylon sagu. The surface of the young lamina explants were sterilized with 3g/1 
fungicide for 112 hours, 50mg/l ampicillin for 112 hours, 70% ethanol for 2 minutes and 
40% Clorox for 30 minutes. The first media formulation that being tested is MS media 
with BAP, NAA and 2,4-D combination. There were five different treatments of different 
concentration ratio being tested under light and dark condition. Out of the five treatments, 
some treatments which were treatment 1, 4 and 5 showed some positive results where by 
they able to maintain the explants for about 2-3 weeks. After that, the explants slowly 
tum brown, dried and died. The second formulation was the MS media with the 
combination of 2,4-D and 2-iP hormones, 2g/1 charcoal, 4g/l agar, 60mg/l sucrose at pH 
5.5. There were seven treatments of different hormones ratios being tested. The 
experiment was also carried in both light and dark condition. The treatments that were 
being cultured in dark condition shows some positive results where by it can hold the 
explants remain axenic for 2 - 3 weeks. The explants also look greener for treatment 2, 3, 
4 and 6. After that, the cultures slowly tum brown, dried and die. The main factor of 
fai lure of this research was the combination of hormones concentration that being used 
for the media formulation maybe not suitable for sago lamina explants. More researches 
are needed to find the best media and hormones compositions to induce somatic 
embryogenesis for plant regeneration from the young sago leaves. 

Key words: Metroxylon sagu, lamina explants, surface sterilization, somatic 
embryogenesis, plant regeneration 
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ABSTRAK 


Metroxylon sagu merupakan tumbuhan monokot yang tumbuh di kawasan tanah berpaya 
lelah menjadi sumber penting kepada industri kanji. Sagu boleh dibiakkan melalui 
percambahan biji dan penanaman sulur sagu. Penanaman sagu yang berkembang secara 
berskala besar telah menyebabkan kesulitan untuk memenuhi kehendak dan permintaan 
melalui penanaman secara konvensional. Teknologi dan sistem penanaman yang lebih 
berdaya maju perlu dikaji dan dilaksanakan untuk membolehkan penanaman dan 
penghasilan sugu dalam masa yang lebih singkat agar dapat memenuhi permintaan 
dunia ke atas industri kanji sagu. Kaijan ini telah dijalankan untuk mengkaji dan 
mendapatkan komposisi media untuk pengkulturan sagu melalui daun muda secara in 
vitro. Permukaan luar eksplan daun yang muda telah disterilkan dengan menggunakan 
3g/1 fungicide selama I Y2 jam, 50mg/1 ampicillin selama I Y2 jam, 70% ethanol selama 2 
minit dan 40% Clorox selama 30 minit. Formulasi media yang pertama yang telah 
digunakan adlah MS media yang digabungkan dengan kombinasi hormon BAP, NAA dan 
2,4-D. Dalam eksperimen ini, kima kombinasi media yang mempunyai kadar kepekatan 
hormon yang berbeza telah diuji di bawah cahaya dan juga di dalam bilik gelap. Tiga 
kombinasi media telah menunjukkan tindakbalas yang positij iaitu kombinasi I, 4 dan 5. 
Kombinasi ini telah berjaya mengekalkan kehijauan eksplan selama lebih kurang 2 
hingga 3 minggu. Selepas tempoh terse but, eksplan terse but menjadi kekuningan, kering 
dan mati. Formulasi kedua yang telah diuji merupakan hasil kombinasi media MS 
bersama dengan kombinasi hormon 2,4-D dan 2-iP, 2g/1 arang, 4g/1 agar, 60mg/1 
sukrosa pada pH 5.5. Sebanyak tujuh kombinasi yang mengandungi kombinasi kepekatan 
hormon yang berbeza telah diuji dalam keadaan bercahaya dan dalam bilik gelap. 
Eksperimen yang telah dijalankan di dalam bilik gelap telah menunjukkan tindak balas 
yang positij dimana ia berupaya mengekalkan kehijauan eksplan selama lebuh kurang 2 
hingga 3 minggu. Selain itu, eksplan ini juga kelihatan lebih kehijauan dalam kombinasi 
2, 3, 4, dan 6. Selepas tempoh terse but, eksplan mula kekuningan, kering dan mati. 
Faktor utama yang menyebabkan kegagalan kajian ini adalah kombinasi hormon 
hormon yang digunakan dalam media kemungkinan tidak sesuai untuk proses 
pengkulturan daun sagu. Lebih bamyak kajian perlu dijalankan untuk mengenalpasti 
kombinasi komposisi hormon dan media yang berupaya untuk menginduksi kalus dari 
daun sagu seterusnya menjana semula pokok sagu. 

Kata kunci: Metroxylon sagu, eksplan daun, pensterilan permukaan, penghasilan embrio 
secara somatik penjanaan semula 
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CHAPTER 1 


INTRODUCTION 


The true sago palm, Metroxylon sago has been described as humankind's oldest food 

plant ( Av'e, 1977). It is said to be originated from Papua New Guinea. However, it also 

can easily be found in South East Asia including Indonesia and Malaysia. The sago palm 

is well adapted to tropical swamplands where no other crops can grow, and requires 

minimal maintenance during its growth (Alang and Krishnapalay, 1986) In Malaysia, 

sago palm grows well in Sabah and Sarawak. Sago palm produces starch in its trunk. 

Even the word sago itself is originally Javanese that means starch containing palm pith 

(Schuiling and Jong, 1996). The processed starch will become a staple food for the local 

people. The sago tree can grow up to 7 to 25 m high with about 30 to 60 cm in diameter 

(Flach, 2004). Sago palm takes for about 12 to 15 years to flowers once and then it dies 

(Saidin, 1993). It fluorescence is in terminal panicles, ranging from 5 to 7 m high (Flach, 

2004). According to Hamdan (2004), the early stages development of sago palm shows 

that flowers are arranged in pairs of one staminate (male) and one hermaphrodite 

(perfect) flower. It will take 30 to 50 days for the staminate and hermaphrodite flowers to 

bloom. Although the palm can be grown from seeds, it is usually propagated from 

suckers because vegetative propagation results in a more uniform planting. Normally, the 

male flower will mature first followed by female flower. This process will lead to cross

pollination. 

Tissue culture, an important area of biotechnology can be used to improve the 

uctivity of planting material through enhanced availability of identified planting 
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stock with desired traits (White et ai, 1939). Basically the plant tissue culture technique 

consists of taking a piece of a plant (such as a stem tip, node, meristem, embryo, or even 

a seed) and placing it in a sterile, (usually gel-based) nutrient medium to induce those 

parts to multiply. The formulation of the growth medium is changed depending upon 

whether you are trying to get the plant to produce undifferentiated callus tissue, multiply 

the number of plantlets, grow roots, or multiply embryos for "artificial seed" (Kyte, 

1996). Through biotechnology, the productivity of sago plant can be enhanced in order to 

get the maximum productivity and quality. The important contribution of plant tissue 

culture is rnicropropagation which allows the production of large number of plant from 

all pieces of the stock plant in relatively short period of time (Lineberger, 2003). In this 

case, a large number of sago plants can be produce in a shorter time from the normal 

maturation period. 

Tissue culture media is the most important part of plant tissue culture. This media 

determines the successfulness of a plant tissue culture experiment. The plant tissue 

culture media usually contains inorganic elements, organic compound and a support 

matrix (Kane, 2000). Besides that, several amount of plant growth regulators (PGRs) also 

added into the media to promote cell division and differentiation. Culture media provides 

necessary nutrients, vitamins and carbon source to the cultures. It is a condition that is 

similarly the same with the actual environment for plant to grow (Trigiano, 1996). 

Consequencely, the right types of culture media with the right composition of nutrients 

have to be designed in order to make the cultures grow. 
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CHAPTER II 


LITERATURE REVIEW 


2.1 MetFoxylon sagu 

2.1.1 Taxonomic classification 

Family : Arecaceae 

Sub family : Calamoideae 

Genus : Metroxylon 

Species : Sagu 

2.1.2 Vernacular names 

M sagu has various common names. These names are varied according to the country 

where it found. The data below shows the various names of M sagu, according to Heyne 

(1950): 

Table 2.1 : Vemacular names ofMetroxylon sagu 
Places Local names 

English True sago palm 
French Sagotier 
Germany Sagopalme 
Malaysia Rumbia 

Mulong, Balau (Melanau, Sarawak) 
Indonesia Pohon sagu, pohon rumbia 

Kirai (West Java) 
Ambulung or Kesulu (Javanese) 
Lapia (Ambon, Seram) 

Papua New Guinea Saksak 
Solomon Island Ambasao 
Cambodia Chr ae' saku 
Philippines Lumbiya 
Thailand Sakhu 
Vietnamese Sagu 
Myanmar Tha-gu-in 
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2.1.3 Distribution and habitat 

M. sagu is believed to be endemic in Papua New Guinea, New Britain and Molluca 

Island. According to Flach (1997), Papua New Guinea is considered as the center of the 

diversity. Beside that, M. sagu can also be found in Malaysia, Indonesia, Philippines and 

all over South East Asia Region. In many country of South East Asia, M. sagu is mainly 

found in semi-cultivated stands. M. sagu is also found in Palau, Guam, Nukuoro, Kosrae 

and Jaluit (Fosbertg et ai, 1987). 

... ... 

.~ 
.

-
-
'.... 

-
Figure 2.1: Distribution map ofM. sagu (taken from McClatchey et ai, 2004) 

The South East Asia lowland swamps are the homeland to the M. sagu. In 

Malaysia itself: there are about 2.4 million ha of peat lands that are suitable for sago 

plantation, of which are 1.66 million ha are in Sarawak. This is because of it special 

adaptation to peat soils oflow nutritional value with a very high acidity ofabout 4.0 -7.4 

H (Zulpilip et ai, 1991). M. sagu can persist on weB drained, poor quality materials 
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including sand, clay or a'a'lava. It can grow best in soil with impeded drainage, or with 

seasonal water logging (Flach, 1997). 

2.1.4 General Morphology 

Figure 2.2: Photo of Mature M. sagu (adapted from McClatchey, 2002) 

The scientific name Metroxylon came from the word "metra" which means pitch or 

parenchyma, and "xylon" means xylem. M. sagu is a pinnate-leaved palm. After the leaf 

dies, the sheath may adhere to the bole, the part of the trunk below the crown. With the 

leaves sheath, bole has a diameter of 35 to 60 cm. and reach a length of 6 to 16 m. This 

is the place where the sago starch being stored. Healthy palms are able to carry for 
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about 24 leaves or fronds. With higher number of the fronds, the larger the size of the 

trunk. Some leaflets may reach a length of 150 cm long and width of 10 cm. 

M sagu fruit is 3-5 cm in diameter. It is covered with 18 vertical rows of scales. 

M sagu produces both pollinated and parthenocarpic fruit. It contains stony, white 

endosperm and brown testa. This fruit will take 24 months to become mature. 

2.1.5 Flowering 

According to Tomlinson (1990), most palms possess complete and male flowers, which 

form dyad. The two flowers are same in size, but in the male flower, the gynoecium is 

reduced to a pistillode. Kiew (1979) and Utami (1986) had done a study on sago 

flowering. In the early stages of flower development, the flower buds are found in pairs. 

One flower is staminate, the other complete. By the time of anthesis, single flowerbuds 

are found in each bracteole. Thus, one of the flowers aborts before anthesis. Usually, 

more male flowers abort than complete flowers. In three out of the seven palms 

investigated, abnormal complete flowers were encountered. These opened prematurely. 

Flower opening of an inflorescence took 30 days for male flowers and 50 days for the 

complete ones. Staminate flowers opened up 2-4 weeks before the complete ones. The 

abnormal complete flowers remained open for a period of 3 months. Their stamens 

shriveled quickly and the pollen appeared abnormal. The male flowers shed pollen to a 

large extent before the complete ones become receptive, but some overlap occurs. Male 

wers started to open up around 1030 hours. Peak daily opening is between 1100 hours 
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and 1200 hours. After one day, most of the male flowers had abscised and fallen off. 

Each day, between 5-10% of the male flowers opened. Complete flowers showed the 

same time sequence. They apparently possess normal pollen. 

In later study, long (1995) made a study on the flowering of nine sago palms in 

Sarawak. Scaffolds were constructed around the inflorescences of the palms for 

observation over a period of 5 years. Individual inflorescences were studied for periods of 

2-7 months. He then does some comparison of his finding with the results from research 

done by Beccari (1918). Tomlinson (1971), U tami (1986) and Tuwan (1991). He 

summarized that there are three types of flowers combinations: (1) Staminate and pseudo

hennaphrodite (Beccari, 1918; Utami, 1986; Tuwan, 1991). (2.) Staminate and 

hennaphrodite (Tomlinson 1971; long, 1995). (3) Staminate and abnormal hermaphrodite 

(long, 1995). He found that type (1) has not been encountered in Sarawak. It may well be 

that type (3) is the same with type (1) that eventually opened before the buds mature. 

2.1.6 Uses and Economic significant 

Metroxylon sago which is also known as sago palm have contribute to our society ever 

since. The sago starch has become the daily food for Asian society before rice plantation 

had discovered. Beside the starch, the other parts of the sago palm also have it own use. 

The matured leaves can be compiled for thatching. The thatches are then compiled to 

construct roof. The rachis can be used for wall; the leaf sheath can be used to produce 

. The apical meristems or palm hearts are large and soft. These palm hearts are used 
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locally or are sold in local markets. They are eaten raw as a vegetable or cooked with 

other foods (now common in curries). The starch of M sagu has being used in the 

manufacture of thlctose syrup for non-alcoholic drinks. Perhaps the starch can also be 

used for making starch pearls similar to tapioca pearls used in fruit drinks (Barrau 1958, 

Henderson & Hancock 1988, McClatchey & Cox 1992). According to Stanton (1993), 

the advantages of the crop are that it is; (1) economically acceptable; (2) relatively 

sustainable; (3) environmentally friendly; (4) uniquely versatile; (5) vigorous, and (6) 

promotes socially agro forestry systems. 

Near Mukah, the world's first large-scale commercial plantation of 7700 ha was 

developed. It has become one of the export commodities of Sarawak, producing 50000 t 

of air dry starch, worth RM4.3million (long, 1995). Realizing the good prospect of this 

industry, government has taken various efforts to increase the productivity and quality of 

sago palm to get more benefit for the economic sector. 

2.2 Palm culture 

2.2.1 Oil Palm tissue culture 

For all these years, many researches were being done on plant tissue culturing. This 

include the research that being done on the palm species. In vitro propagation techniques 

for oil, date, coconut and some ornamental palms have being successfully developed 

(Blake, 1983; Tisserat, 1984). Among all types, the oil palm is the most advanced 

because it is used for large-scale production of clonal plants. It takes years to improve the 
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culture systems for oil and coconut palm tissues to induce callus which could be grown 

and sub-cultured (Eeuwens, 1976, 1978; Blake and Eeuwens, 1980). Several years later, 

the attempts become possible to obtain somatic embryos (Jones, 1973; Rabechault and 

Martin, 1976; Blake, 1983; Branton and Blake, 1983). Consequent from that, the date 

palm was also successfully propagated through formation of callus and somatic 

embryogenesis (Reynolds and Murashige, 1979; Tisserat, 1981, 1984a). 

Generally, any young or merismetic tissue of the palm can be used as an explant for 

initiating callus (Jones, 1973). Rabechault and Martin (1976) had successfully culturing 

leaf tissue from young oil palm. It was also reported that Unilever had routinely use 

young secondary and tertiary roots from mature oil palm (Jones, 1983). At Wye College, 

callus has also being initiated from crown (apical meristem) and inflorescence tissue of 

oil palm (Blackpool, 1986). Callus was also initiated from young roots (Brackpool et al., 

1980). Gupta et af (1984) has reported that callus can be obtained from stem, leaf, and 

inflorescence tissue of West Coast Tall coconuts. For date palm, callus can be initiated 

from a wide range of tissue such as young leaf, offshoots, inflorescence and ovule tissue 

(Reuveni et al., 1972; Ammar and Benbadis, 1977; Reuveni, 1979; Tisserat, 1980, 

1984a). 

2.2.2 Coconut tissue culture 

Achievements of other palm species such as oil palm which has become established by it 

ercial important had encouraged the propagation of the coconut palm (Corley et al., 
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1981). However, the propagation of coconut palm was reported more difficult then other 

palm (Branton and Blake, 1986; Verdeil et al. , 1992). Although it has been suggested to 

propagate coconut by vegetative proliferation of the flower meristems, still researchers 

was unable to obtain the true reversion of floral primordial to the vegetative state (Blake 

and Eeuwens, 1982). Nonnal dicotyledononous system of somatic embryogenesis has an 

initial callus phase during which cell proliferation is random. In the coconut, the initial 

callus is only partial dedifferentiated before reorganizations occur. The initial tissue 

which is developed may be referred to as callus (Branton and Blake, 1983; Pannetier and 

Buffard-Morel, 1986) or also known as colloid (Blackpool, et al., 1986). These two terms 

describe the same type of tissue. As monocotyledons, the coconut produce callus most 

successfully when cultured with 2,4-D, usually at about 1 OO~m concentration in the 

presence of activated charcoal. Realization on the importance or coconut crops makes the 

breeders anxious to mUltiply and to have homogenous breeding material. Monfort (1985) 

report that this could be achieved by the regeneration of haploid plants from pollen; early 

results indicate good possibilities, but the work is slow and difficult and much more 

research required. Years later, Altherr et al. (1993) suggest that in order to achieve 

embryogenesis reproducibly it will be necessary to evaluate the right developmental stage 

of the explants tissue and find the best "window for regeneration" by screening tissue at 

different developmental stages. The process of coconut propagation is still not well 

understood. More fundamental investigation has to be done in order to achieve a reliable 

protocol for coconut micropropagation (Blake and Hornung, 1986). 
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2.2.3 Date palm tissue culture 

Like oil palm and coconut, the lack of adequate methods for rapid vegetative propagation 

of desirable plants has spawn intensive effort to c10nally propagate the date palm by 

using in vitro techniques. Tisserat (1983) had reported the earlier work on in vitro 

propagation of date palm. The successful attempt of date palm somatic embryogenesis is 

by using soft, young, merismetic tissue as the explants. The callus initiation was also can 

be fonned from immature embryos, embryos from mature seeds, axillary buds, immature 

inflorescences and shoot tips from offshoots of established plant (Sharma et aI., 1984). 

The use of basic techniques for embryogenic callus induction, by using Murashige-Skoog 

(MS) medium, supplemented with plant growth regulators, auxin, and cytokinin has 

remained virtually unchanged. The success of somatic embryogenesis In 

micropropagation should results in increased commercial production of desired date palm 

cultivar. 

2.3 Plant tissue culture and micropropagation 

The main purpose of plant tissue culture and micropropagation is to boost up the large 

scale of the plant propagation for industrial purposes. According to George and 

Sherington (1988), tissue culture is supporting the science of growth and development of 

plant cells, tissue or organs isolated from the mother plant on an artificial, nutritive 

medium. The major impact of plant tissue culture will not be felt in the area of 

micropropagation, however, but in the area of controlled manipulations of plants at the 

cellular level in ways which have not been possible prior to the introduction of tissue 
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culture techniques (Lineberger, 2004). Tissue culture techniques is based on the 

totipotency theory where by the ability of a single cell to express the full genome in the 

cells to which it gives rise by the cell division process (Trigiano and Gary, 1996). 

Micro propagation is one of the important contributions of Plant Tissue Culture to 

commercial plant propagation and has vast significance. The name micro propagation 

derives Item the miniature shoots/plantlets initially produced hom this method of plant 

propagation. According to Lineberger (2004), micropropagation allows the production of 

large numbers of plants from small pieces of the stock plant in relatively short periods of 

time. Depending on the species in question, the original tissue piece may be taken from 

shoot tip, leaf, lateral bud, stem or root tissue. Kho (2005) states that the success of in 

vitro regeneration depends on the control of morphogenesis that being influenced by 

factors such as genetic background, types of tissue being used as explants, the media 

nutritional composition, types of growth regulators added and culture environment. 

Tissue culture media 

A1ang and Krishnapillay (1986) were using a modified Murashige and Skoog medium to 

culture young leaves of sago palm. These media was containing a variety of combinations 

and concentrations of auxin and cytokinins with or without charcoal. The media were 

solidified with Difco bacto agar and autoclaved. Cultures were incubated in a 12-hour 

photoperiod or in the dark at more or less 28°C. 
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Currently, the most common media used in plant tissue culture are established media 

such as MS, NN and Hildebrant (Hildebrant et at., 1949; Murashige and Skoog, 1962; 

itsch and Nitsch, 1969). However, different species of plant required different 

fODllulation of media for it optimum growth. To do so, the formulation of the media is 

optimized by modifying the nutrients contents of the media. For example, the use of new 

formulation of tissue culture media for hazelnut shown more than 100% multiplication 

rate compared to the modified MS media (Nas and Read, 2004). The formulation of the 

media contents are based on the minerals contents of the hazelnut seed. The theory 

behind the formula is that seeds store minerals and food reserves that are essential for the 

seedling until the seedling become self-sufficient (Bewley and Black, 1978). 

Tahardi and Riyadi (1996) in their study on somatic embryogenenis and plant 

regeneration in sago palm by using apical tissue from young suckers had use the modified 

MS Media. This modified media were enriched by a combination of auxin and cytokinin, 

with 0.25% activated charcoal, 3% sucrose, and 2 giL Gelrite. An auxin, picloram, was 

used at 5-160 mgIL in combination with 1 mglL kinetin. The explants began to callusing 

after cultured in darkness for approximately one month period. 

13 


