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Vegetative Propagation of Dabai (Canarium odontophyllum Miq.) through Conventional 
and In Vitro Methods 

KHO POI KIA 

Plant Resource Science and Management 
Faculty of Resource Science and Technology 

Universiti Malaysia Sarawak (UNIMAS) 

ABSTRACT 

The fruit of Dabai (Canarium odontophyllum Miq.) is one of the Sarawak indigenous 
fruit that has potential for commercialization. Therefore, there is a need for more planting 
material for planting it beyond its present localities. Two approaches of propagation were 
attempted namely conventional propagation through bud-grafting and micropropagation by 
means of surface sterilization to the explants. For bud-grafting, scion derived from hardwood was 
found having higher success. Pruning off top growth of the rootstock and growing grafted plant in 
area exposed to sunlight was found to increase bud break in Dabai. Whilst, in the 
micropropagation method, the medium for Dabai explants was found to be favourable under the 
use of solid agar. A higher potential of success could be achieved when the shoot tips are used as 
explants. However, the different PPM™ treatments in surface sterilization experiments were 
found to have no significant difference in producing axenic explant. 

Keywords: Dabai, bud-grafting, scion, micropropagation, explants, surface sterilization 

ABSTRAK 

Buah Dabai (Canarium odontophyllum Miq.) adalah salah satu buah-buahan asli 
Sarawak yang berpotensi untuk pemasaran. Oleh itu, usaha memperbanyakkan bahan tanaman 
Dabai diperlukan untuk meluaskan penanamannya. Dua pendekatan yang dikaji adalah 
propagasi konvensional melalui pencantuman tunas dan juga propagasi mikro melalui 
penslerilan permukaan. Bagi percantuman tunas, tunas daripada pucuk keras didapati dapat 
meningkatkan hasil kerjayaan. Pencantasn pada bahagian atas pokok penanti dan 
perlumbuhannya di kawasan bercahaya adalah didapati mampu meningkatkan kemllnclilan 
tunas. Dalam kaedah prapagasi mikro, dabai eksplan didapati menyesllaikan keadaan dalam 
agar pejal. Potens; kerjayaan yang lebih mampu dicapai apabi/a hujung mata pucuk digllnakan 
sebagai eksplan. Akan tetapi, ujian memggunakan perbezaan kepekatan PPM™ didpati tidak 
memberi keputusan yang signifikan dalam penghasilan eksplan bersih. 

Kala kunci: Dabai, pencantuman tunas, propagasi mikro, ekplan, pensterilan permukaan 
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1. INTRODUCTION 

Canarium is a rather large genus of tree found in the old world tropic with one 

species in West Indies (Kueh, 2003). This genus has many species with some of which 

bear edible fruits and nuts. 

The fiuit of Dabai (Canarium odontophyllum Miq.) looks like an olive and its taste 

is like avocado. The tree is fairly high, about 20 m tall. The stem is straight upward and 

branches at certain height. The bark is grey-brown. Leaves with 3-8 leaflets. Leaflets 

oblong to lanceolate 9.5-28 x 4-11 cm (Kueh, 2003). During younger stage, the fruits are 

white. Later, it changes to reddish and can be harvested when it turns black. The fruits are 

oval to ellipsoid, size 3 to 4 cm in length; 2.0 to 2.5 cm in width. Its aril covers the seed 

which is tuff and pointed at both ends. 

The type that has thick, soft, dark yellowish and fatty aril is more favoured and thus 

sold for higher price. The fruit is being eaten after it has been soaked in lukewarm water for 

15 to 20 minutes so that its aril become softens. The fruit may be eaten as side dish with 

rice and other dishes in a meal. Usually they are preserved with soy source or salt and then 

eaten with porridge. The cotyledon within the seed also can be eaten as a nut, which tastes 

like almond. Dabai fruit is extremely nutritious being rich in energy, fat, protein, fibre and 

minerals ofpho phorus, potassium, calcium, magnesium, and iron (Kueh, 2003). 

Though Dabai tree grows naturally in Sarawak forest, it is nowadays cultivated in 

Sarikei, Sibu and Kapit Divisions. Dabai fruit is also known as Sibu olive. Unfortunately, 

the fruits are seldom marketed beyond their grown area because the supply is still low and 

easily damaged by heat. As Dabai is one of the Sarawak indigenous fruit that has potential 

for commercialization, there is a need to attempt this research to mass propagate the Dabai 

so that more planting material will be available for planting it beyond its present localities. 
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In Dabai propagation, using seed as the planting material is not encouraged. This is 

because seedling may not be true-to-type and may grow as male plant, which will not bear 

fruits. This is considered as a waste of time and affort for planting it. Therefore, vegetative 

propagation by conventional and in vitro techniques will be applied to produce the planting 

material. Conventional vegetative propagation like bud grafting involves obtaining buds 

from hermaphrodite Dabai tree and then grafted to seedling rootstock. The buds will grow 

and develop into a plant which is genetically the same as the parent Dabai tree, and will 

bear fruits even earlier than those propagated by seeds. However, there exists a low rate of 

success in the budding techniques on Dabai because there always happen to be the problem 

of bud take and bud break. Bud take signifies the successful of bud-rootstock union where 

as bud break occurs when the bud elongates. Other method like in vitro culture technique 

can be used to mass propagate true-to-type plant. However, this technique has not been 

attempted for Dabai and thus there is lack of knowledge on the culture condition and 

media. 

The objectives of this study are: 

1. To improve the efficiency of bud grafting by studying the development of the 

buds and to compare the success of bud-grafting using buds at different stages 

of development. 

II. To attempt breaking of bud dormancy. 

lll. To attempt other grafting methods, e.g. wedge-grafting and saddle-grafting. 

IV. To initiate the micropropagation work to find out if Dabai could be propagated 

by the in vitro technique. 
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Fig. 1: The mature Dabai trees planted at the Argriculture Research Centre (ARC), 

Semongok. 


Fig. 2 The Dabai branch and its 
innate compound leaves, which 

were viewed from below the crown. 

lern 

Fig. 3 The close up leaflets ofDabai . 
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(Kueh, 2003) 

Fig. 4 A mature Dabai tree which bears fruits. 

Fig. 5 Unripe Dabai fruits are whitish Fig. 6 The ripe fruits are black. Seeds 
in color. are tuff with both pointing ends. 

-4



0.5 em 

Fig. 7 The growing bud of Dabai. 

Fig. 8 A successful bud-grafted Dabai plant. 
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2. LITERATURE REVIEW 

To date, there has been no report on any research specifically done on Dabai 

propagation. Most Dabai trees in Sarawak are grown from seeds but that take a long time, 

about 8-10 years for the fruits to bear. Propagation through seeds is usually not 

recommendable because this may not produce true-to-type plants. Therefore, vegetative 

propagation such as bud-grafting has been attempted to produce good quality plants. 

However, such vegetative propagation encounters low success rate (Shariah, pers. comm.). 

As a result of such difficulty in grafting, plus the demand is high, there is no doubt that 

people sell a grafted Dabai plant in high price, reaching RM 50 per plant (Sim, pers. 

comm.). 

The low success in bud-grafting exists due to the problem of 'bud-take' and 'bud

break' (Sim, pers. comm.). The elongation of bud stem in Dabai has been difficult to come 

by since the bud might stay in donnancy. There must be a certain bud developmental stage 

when the growth is least suppressed. Such bud would be more successful for use in bud

grafting (Sim, pers. comm.). 

According to Karim, an experience grafter in Agriculture Research Centre (ARC), 

Semongok, the chosen bud has to be mature enough and not too young or else may dry up 

easily. He recommended to choose the swollen bud which is about to break. The bud wood 

which is taken from the Dabai mother tree has to be kept fresh prior to budding. This 

process should be carried out in the morning to avoid the bud from exposure to excessive 

sun light (Karim, pers. comm.). He recommended the good variety of Dabai mother tree, 

i.e. Dabai Jambak, which could bear thick and tasty fruits as scion. 

A bud is a non-extended, partly developed shoot having at its summit the apical 

meristem. Bud break is the result of leaf enlargement and subapical meristem activity, but 

that bud fonnation is not strictly a matter of inhibited internodal and primordial growth 

(Romberger, 1963). Indeed, the very act of bud fonnation is evidence of the 

lishment of donnancy (Lang, 1996). 
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Seed and bud dormancy have many features in common. Some characteristics 

common to both seeds and buds for induction and release of dormancy include: the 

temperature optima and range for breaking dormancy; similar exposure times (chilling 

requirements) for buds and seeds of a given genotype; reduced growth potential when 

chilling is interrupted with high temperature; and the stimulation or inhibition of 

germination/bud break by growth regulators (Vegis, 1964; Powell, 1987). In some 

species (e.g. birch), light quality (red/far red) and/or photoperiod also influences both bud 

and seed dormancy (Wareing and Black, 1958). As a result, information gained from 

studies with seed is often assumed to apply to buds as well. 

In temperate species, the winter period is the environmental stimulus which 

breaks dormancy and leads to germination when temperatures rise in the spring. One 

such species is the hazelnut, Corylus avellana L., which has been utilized as a model 

system for 30 years. Held in the imbibed state at 5°C for about 30 days, the hazel seed 

will germinate readily when temperatures rise (Lang, 1996). Originally this was 

suggested to be the result of a decrease in inhibitor concentration and an increase in 

gibberellins during the chilling treatment (Frankland and Wareing, 1962). Hormonal 

relationships and modes of action have yet to be established satisfactorily in repeatable 

experiments. The efficacy of exogenous growth regulators usually depends on the time of 

application (Lang, 1996). For example, sweet cherry buds, isolated and performed with 

solutions of regulators, respond according to the physiological state that they have reached 

on the tree (Arias and Crabbe. 1975): cytokinins stimulate bud break in the early phase of 

increasing dormancy , whereas gibberellins do so only when dormancy has begun to 

decline. 

The rate of shoot extension, prior to scion collection, may be increased considerably 

by a light spray of an aqueous solution of gibberellic acid. Two applications, a week apart, 

of some 2 ml of solution, containing one ten-thousandth part of the acid, has proved 

effective (Garner, 1979). 
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A good environment must be provided to the just recently grafted Dabai plants. 

They should not be exposed to rain so that the grafted area would not stay in wet condition, 

and thus the scion would not rot easily (Voon, pers. comm.). The rootstock for grafting 

should be the one that grow vigorously and healthy. Grafting at lower part of rootstock 

stem would result higher success rate (Voon, pers. comm.). This might be due to the fact 

that the lower stem is physically mature and full of nutrients supply from root. 

Another important factor for grafting success is the cambial contact. Provided the 

plant parts placed together are living and mutually compatible, then the only remaining 

essential to success is that the cambia or other meristematic tissues be in contact at least in 

some degree, or so close together, that they achieve contact in condition favourable to 

further growth (Gamer, 1979). 

Patch bud technique is used for species which have thick bark that tends to split 

vertically such as walnut and cashew and for species with a latex sap such as sapodilla and 

jackfruit (Alexander, 1986). The technique consists of removing a rectangular patch of bark 

from a suitable rootstock and replacing it with a similar sized patch of bark carrying a 

single bud which is cut from the selected scion. Care should be taken that the thin-walled 

cells of the exposed cambium are not damage. A similar sized patch is cut around the 

selected bud of the scion. This is peeled from the scion budstick, immediately inserted into 

the prepared stock and wrapped with budding tape. The wrapping should be pulled tightly 

enough to ensure a good contact between the cambium layer of the rootstock with that of 

the scion, to exclude air and to retain moisture but not so tightly over the eye of the bud 

that the latter becomes damage. 

The bud wood for Dabai grafting has to be obtained from hermaphrodite tree which 

could be detennined by the morphology of its inflorences or by records of fruits bearing. 

Hennaphrodite tree would bear short and thick inflorences with large flowers whereas male 

tree would bear long inflorences with small flowers (Shariah, pers. comm.). There has been 

belief by Dabai planters that the sex of Dabai plant could be determined by the color of 
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young growing leaves, whereby the red color would be assumed as male; light green would 

be female or hennaphrodite. (Karim, pers. comm.). 

Fig. 9 Different inflorences morphology between the hermaphrodite (left) and male (right). 

(source: Kho, 2005). 

In tissue culture, cytokinin and auxin are known to promote callus formation. Auxin 

has a wide variety of effects on plant growth and morphogenesis. Indole-3-acetic acid 

(IAA), a natural auxin of higher plants, is involved in regulating cell elongation, cell 

division and differentiation (Dietz et al., 1990). Cytokinins can promote cell enlargement 

in certain tissues (Ross and Rayle, 1982). 

PPMTM is a heat stable biocide which can be used to effectively prevent or reduces 

microbial contamination in plant tissue culture. Previous research (Anon, 2005) has shown 

that the active ingredients of PPMTM penetrate the fungus or the bacterium cell wall and 

inhibit the activity of key enzymes within the central metabolic cycles such as the citric 

acid cycle and the electron transport chain. For endogenous contaminated explants, gently 

and routinely shake / stir 1 cm. long explants (or shorter) for 4-12 hours in 4-5% v/v 

PPMTM solution supplemented as above with full MS strength basal salts without adjusting 

pH and without Tween 20. Without rinsing, insert into a medium supplemented with 
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0.05 - 0.1 % PPMTM for herbaceous plants and 0.2% PPMTM for woody plants (Anon, 

2005). 

Embryos, cotyledons, juvenile buds, needles, and fascicles have responded to the 

culturing far more readily than have explants from mature tree. In general, the more 

juvenile the explant material, the greater the likelihood of success. Sometimes plants can be 

repeatedly pruned back to encourage regeneration of juvenility in new growth, which then 

can be taken as explants. Sommer and Caldas (1981) first reported successful propagation 

of pine (Pinus) plantlets obtained from pine embryos multiplied in vitro. The difficulties in 

cleaning older material and lack of response by mature tissues have repeatedly blocked the 

way to micropropagation of selected conifer trees (Kyte and Kleyn, 1996) 

The phenolic exudates from the culture that color the medium into brown, usually 

has an adverse effect on the culture, retarding its growth and multiplication. It is 

worthwhile to transfer such cultures as soon as the symptom is observed. Activated 

charcoal is frequently added to rooting media to absorb toxic phenolics and root-inhibiting 

agents. It is usually added at 0.6 g per litre (Kyte and Kleyn, 1996). 
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3. MATERIALS AND METHODS 


Two applications of vegetative propagation for Dabai were focused on, i.e. the 

conventional method and the in vitro techniques. 

Conventional method was applied using bud-grafting and other grafting method. In 

the study of conventional method, three aspects were covered. First, the bud development 

study, second, the effect of age of bud on bud take and bud break in bud grafting study, and 

third, the study on other grafting methods. The bud development study was mainly 

focusing on the morphology of buds in various growing stages or age. Morphology 

involves the size, colour, shape, and its position on the node. This study was essential for 

the study on the effect of bud age on bud grafting as well as assessing the suitable 

characteristic of buds for bud-grafting. Bud-grafting is regarded as successful when the bud 

elongates (bud breaks). There was another study on bud grafting which was carried out to 

stimulate bud break onto the scion by pruning the top portion of rootstock and exposing it 

to sun light. Other grafting methods that were attempted were the wedge-grafting and 

saddle-grafting. 

Vegetative propagation of Dabai by in vitro technique was also attempted. The 

medium used was Murashige-Skoog (MS) or Gamborg's B5 supplemented with 

tetracycline (an antibiotic) and Plant Preservative Mixture (PPM™) of different 

concentrations. These supplements were to prevent fungal and bacterial contamination 

during culturing. Besides that, medium were added with activated charcoal or 

polyvinylpyrrolivone (PVP) to absorb phenolic compounds that was released from the 

explants, causing the explants themselves to become brown or black. The phenolic 

compounds could be toxic to the explants. The in-vitro research involved developing a 

surface sterilization regime on Dabai explants (buds) since the explants obtained from the 

stock tree grown in the field were believed to be heavily contaminated. The in-vitro 

propagation was aimed at the induction of callus and shoot regeneration by supplementing 

PGRs like auxin and cytokinin into culture medium. 
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3.1 Bud development study 

Materials: Dabai tree variety lambak and other hermaphrodite Dabai trees planted at ARC 

Tree age: 10 years old. 

Compound granulated fertilizer 12: 12: 17:2 (N:P:K:MgO) 

Measuring tape 

Pruning saw 

Digital camera and microscope 

Method: 

I. Pruning was carried out onto the shoots of Dabai tree cultivar lambak by pruning 

saw. 

II. The tree was given with fertilizer to Improve the vigor and to encourage new 

growth and sprouting buds. 

iii. The diameter and length of the pruned off shoots were measured and recorded. 

iv. The growing buds at the shoots were observed weekly starting from a week after 

pruning. The numbers of buds, their size, shape, and color changes were recorded. 

v. Photos on the growing buds were taken weekly using a digital camera. Some of the 

buds were cut out for observation under microscope. Photos were later displayed to 

assist the description of the bud development. 

3.2 Bud grafting study on the effects of age of bud on bud take and bud break. 

Material: Pruned shoots of Dabai tree cultivar lambak which had generated growing buds. 

Pruning saw 

Moist newspaper and plastic bag 

Grafting knife and grafting tape. 

Fertilizer 
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Method: 

i. Fertilizer was applied to the experimented rootstocks at two weeks before grafting. 

ii. Buds from the pruned shoots from the experiment 3.1 were taken for bud-grafting 

according to the bud age, 1 s" 2nd 
, 3rd 

, and 4th week after pruning. 

iii. Bud woods obtained from the shoots were wrapped in moist newspaper while 

carrying to a shady place for bud-grafting. 

iv. Patch budding was carried out according to the various categories of bud age. Each 

category was attempted for 10 replicates. 

• h.e e. 

Fig. 10 Material and tools used in bud-grafting: a. Budwood b. Grafting tape 

c. Grafting knife d. Pencil and e. Labels 

Component of 
inner bud must 
remain attached 

Fig. 11 Selected bud patch Fig. 12 Rootstock prepared 
for patch budding 
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Fig. 13 Bud patches were patched onto rootstocks and wrapped with grafting tape. 

After 3 weeks, the grafting tapes were unwrapped and examination of bud take was 


made. 


Continued observations and record on bud break. Unsuccessful bud take and bud 


break were also recorded. 


The design of this experiment is a CRD (Completely Randomized Design). The 


treatments are the categories of bud age with 10 observations for each treatment. 


Bad grafting study on the effect of pruning and exposing to sunlight . 

.a1: One year old Dabai seedlings were served as rootstocks. 


Bud wood from Dabai mother tree 


Pruning saw and secateur 


Moist newspaper and plastic bag 


Grafting knife and grafting tape. 


Fertilizer 


Oil paint 
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Method: 

i. 	 Fertilizer was applied to the experimental rootstocks at two weeks before grafting. 

ii. 	 Bud woods obtained from Dabai mother tree were wrapped in moist newspaper 

while carrying forward to the rootstocks for bud-grafting. 

iii. 	 Patch budding was carried out onto 20 rootstocks of one year old Dabai seedlings, 


which were divided into 4 categories of treatment: 


A. 	 Bud grafting onto rootstocks at shady area and pruned later when achieving 

bud take. 

B. 	 Bud grafting onto rootstocks at shady area but no pruning when achieving 

bud take. 

C. 	 Bud grafting onto rootstocks at open area and pruned later when achieving 

bud take. 

D. 	Bud grafting onto rootstocks at open area but no pruning when achieving 

bud take. 

IV. 	 Grafting tapes were unwrapped after 3 weeks to observe any bud take. 

v. 	 For the pruning treatments, the pruning was made approximately 2 cm on top of the 

budding patch. Oil paint was applied onto the pruned surface so as to protect the 

stem from decay. 

vi. 	 Observations and records for any bud break were continued. Unsuccessful bud take 


and bud break were also recorded. 


vii. 	 The experimental design is a CRD (Completely Randomized Design) with 4 

treatments and 5 observations per treatment. 

A Other grafting study 

terial: One year old Dabai seedlings as rootstocks. 


Shoots cuttings from Dabai mother tree were served as scions. 
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