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INTRODUcTION

Tissue culture of oil palm was first attempted in 
the 1960s, leading to the first plantlet in the 1970s 
(Jones, 1974; Rabéchault and Mart�n, 1976). Th�s 
success �nsp�red MPOB (then PORIM) and several 
other o�l palm organ�zat�ons to also enter �nto in vi-
tro propagation. However, in the mid 1980s, the first 
report on abnormal�ty �n clonal o�l palm (Corley 
et al., 1986) caused a major furore among o�l palm 
t�ssue cultur�sts. Many laborator�es reduced the�r 
product�on and produced only enough plantlets 
for field evaluation. After two decades, as more in-
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ABSTRAcT

Planting clones seems to be the best approach 
to higher yield. Although the oil palm has been 
cloned for some years now, the production is still 
vastly below demand due to inefficiency at some 
of the cloning stages. This article describes some 
technologies developed by MPOB to improve oil 
palm cloning - liquid culture, efficient rooting, 
sterilizing device, innovative data recording and 
the application of molecular biology tools.

ABSTRAK

Penanaman klon merupakan cara terbaik untuk 
mendapatkan hasil yang tinggi. Walaupun 
pengklonan sawit telah agak lama dibangunkan, 
namun pengeluarannya masih terlalu rendah 
berbanding permintaan kerana beberapa peringkat 
pengklonan masih kurang berkesan. Artikel ini 
membentangkan beberapa teknologi MPOB untuk 
memantapkan proses pengklonan - sistem kultur 
cecair, teknik pengakaran, alat pengsterilan, 
sistem penyimpanan data dan penggunaan biologi 
molekul.

format�on and understand�ng on the t�ssue culture 
process accrued, there has been renewed �nterest �n 
large-scale o�l palm clon�ng.

Floral abnormal�ty �n tr�als of the latest clones �s 
< 5% compared to the earl�er product�on wh�ch ex-
ceeded 5% (Tan et al., 2003). Rel�able t�ssue culture 
procedures, str�ngent cull�ng at the var�ous clon�ng 
stages (Maheran et al., 1995; S�mon et al., 1998) and 
the use of a w�der range of ortets (Tan et al., 2003) 
can help reduce the �nc�dence of abnormal�ty �n the 
field. Currently, the abnormality rate is less than 5% 
as found �n a recent survey of t�ssue culture labo-
rator�es by MPOB. In terms of performance, Khaw 
and Ng (1997) reported that clonal plantlets from 
selected ortets were greatly super�or to commerc�al 
DxP seedl�ngs, y�eld�ng at least 25% more than the 
seedl�ng standards (Rohan� et al., 2000; Tan et al., 
2003; Zamzur� et al., 2005).

cURRENT STATUS

The approach of enhanc�ng compet�t�veness by 
plant�ng more o�l palm to ach�eve the economy of 
scale �s no longer a v�able opt�on for lack of land. 
The only alternat�ve �s to �ncrease the y�eld. Most of 
the current plant�ng mater�als are seedl�ngs w�th �m-
proved genet�c potent�al. Desp�te r�gorous select�on, 
there rema�ns the problem of segregat�on �n seed-
der�ved progen�es.  The �ndustry, �n 2006, ach�eved 
an average o�l y�eld of 3.93 t ha-1 yr-1 (MPOB, 2007) 
wh�le the genet�c potent�al of o�l palm �s 18.5 (Chan, 
2000).  

To real�ze the full potent�al of the crop, o�l palm 
has to be propagated vegetat�vely, and clon�ng 
seems the best approach to ach�eve th�s. O�l palm 
clon�ng through sol�d culture �s an establ�shed prac-
t�ce w�th some labs already �n large scale produc-
t�on of clonal palms. Yet, the current product�on 
of clonal o�l palm was far below demand �n 2005 
w�th total product�on of ramets by e�ght major t�s-
sue culture labs �n the country at only about 1.8 m�l-
l�on. To �mprove th�s s�tuat�on, each lab should be 
encouraged to �ncrease �ts product�on to more than 
one m�ll�on ramets annually by 2010. A comparat�ve 
study showed that h�gher product�on w�ll substan-
t�ally reduce the cost (Zamzur� et al., 1998). 
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MPOB strongly encourages the b�g and med�-
um-s�ze plantat�on compan�es to set up the�r own 
t�ssue culture labs. To help them also, MPOB offers 
consultat�on and tra�n�ng. Unt�l now, we have as-
s�sted three agenc�es set up the�r own o�l palm t�s-
sue culture labs.  However, �t should be noted that 
one of the most �mportant requ�s�tes for success �s 
possess�on of h�gh qual�ty ortets, �n effect, mak�ng �t 
necessary to have a good breed�ng programme for 
super�or mother palms. Thus, t�ssue culture �s not a 
stand-alone field. 

H�gher product�on of clonal palms from both 
existing and new labs will definitely reduce the cost 
per ramet (the current pr�ce for a bare-rooted ramet 
quoted by commerc�al laborator�es ranges from RM 
20 to RM 40), and th�s w�ll encourage more growers 
to plant these new mater�als.  

IMPROVEMENT IN OIL PALM TISSUE cUL-
TURE PROcESS

Bas�cally, t�ssue culture (TC), or in vitro propagat�on, 
of many plants involves five stages (Debergh and 
Maene, 1981; George, 1993). In o�l palm, they are:

1. Stage 0 – mother palm select�on and prepara-
t�on

  a. ortet select�on
  b. cabbage sampl�ng
2. Stage I  – establ�sh�ng asept�c culture 
  a. explant �noculat�on for callus �n�t�at�on
  b. callus culture for embryo�d �n�t�at�on
3. Stage II – mult�pl�cat�on of su�table propagules
  a. embryo�d culture (�n sol�d or l�qu�d 
   culture system)
  b. polyembryo�d (PE) mult�pl�cat�on 
4. Stage III – format�on of shoots land roots
  a. shoot elongat�on 
  b. root �n�t�at�on
5. Stage IV – transfer to natural env�ronment
  a. wean�ng 

Generally, TC �s costly and labour �ntens�ve, re-
quiring specific equipment, lab space and skilled 
workers to deal w�th the cultures and contam�nants. 
It also �nvolves other related act�v�t�es such as med�a 
preparat�on, wash�ng of culture conta�ners, env�-
ronment and san�tary control, and data record�ng. 
Furthermore, TC of o�l palm requ�res a lengthy �ncu-
bat�on, thus add�ng to the cost. Constant mon�tor�ng 
of the �nputs and costs of chem�cals, med�a, energy, 
labour and cap�tal �s essent�al. To reduce labour, 
some of the steps can be part�ally mechan�zed, 
e.g. per�stalt�c pumps for med�um d�spens�ng, 
and d�sh washers for clean�ng conta�ners. TC fa-
c�l�t�es are constantly evolv�ng. Some env�ronmen-

tal control technolog�es have been adopted from 
clean-room facilities, such as air-shower, floor-wall-
ceiling types, enhanced air movement, work flow 
des�gn, etc. Increas�ng output through better con-
tam�nat�on control w�ll make the venture more ef-
ficient.

MPOB has on offer a few technolog�es on TC of 
o�l palm to the �ndustry;

1. At Stage II –  MPOB Liquid Culture System  
(MPOB TT No. 138 �n 2002),

       - Liquid Culture Via the Use of MoFaTT 
(MPOB TT No. 261 �n 2005);

2. At Stage III - Double-layer Rooting Technique 
(MPOB TT No. 99 �n 2001);

3. At Stages I, II and III - Flameless Sterilizer 
(MPOB TT No. 139 �n 2002);

4. Overall Data Recording - OPTRACKS (MPOB 
TT No. 185 �n 2003); and

5. Fingerprinting (MPOB TT No. 140 �n 2001).

Oil Palm Liquid culture - MPOB Protocol 
(MPOB TT No. 138)

MPOB has developed the bas�c protocol for a 
liquid culture using shake flask system (Tarmizi, 
2002). It �ncludes select�on of su�table callus (fr�-
able type), med�a formulat�on, aggregate s�ev�ng, 
maturat�on �nduct�on, embryo�d regenerat�on and 
product�on of rooted plantlets. About 1000 normal-
look�ng shoots can be obta�ned from 1 g of mature 
aggregates from prolific embryogenic clones after 
9-12 months �n sol�d med�um. 

MPOB fast Transfer Technique (MofaTT) in Liq-
uid culture (MPOB TT No. 261) 

MoFaTT �n l�qu�d culture was developed as a 
rap�d and conven�ent method for l�qu�d med�um 
replen�shment dur�ng ma�ntenance and maturat�on 
of cultures (Tarmizi and Zaiton, 2005). The benefits 
of the MoFaTT system (Figure 1) are:

• med�um convent�onal 10-step protocol �s re-
duced to two steps for replen�shment;

• no movement of cultures from culture room to 
laminar airflow cabinet;

• replen�shment of med�um can be done on the 
shaker at any t�me; 

• reduced r�sk of contam�nat�on;
• can be applied to any fluidic culture system; 

and
• potent�al for automat�on.

Th�s �nvent�on won a gold medal at I-Tex 2006 
�n Kuala Lumpur.
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Double-layer Rooting Technique (MPOB TT No. 
99)

Product�on of o�l palm t�ssue culture plantlets 
�s labour �ntens�ve as �t �nvolves man�pulat�ng �nd�-
v�dual shoots espec�ally at the shoot development 
and root �n�t�at�on stages. The double-layer tech-
n�que �s a method for topp�ng up l�qu�d med�um to 
establ�shed cultures �nstead of hav�ng to transplant 
�nd�v�dual shoots to another vessel for root�ng or 
elongat�on (Zamzur�, 1998; 2001a). The techn�que 
makes handl�ng of �nd�v�dual shoots unnecessary, 
thus �ncreas�ng the product�v�ty by as much as 17.5-
fold at the root�ng stage. The use of b�gger culture 
vessels �nstead of test-tubes �n th�s method also 
saves the culture area requ�red by 155%. The annual 
var�able costs for wages and culture med�um are re-
duced by 80%.

flameless Sterilizer (MPOB TT No. 139)

The Flameless Ster�l�zer �s an electr�cal dev�ce de-
s�gned for heat ster�l�zat�on of t�ssue culture glass con-
ta�ners (for mouth-r�m reg�on) and surg�cal appara-
tus (Zamzur�, 2002). It �s an �mprovement over 
flaming, commonly done using a Bunsen burner or 
alcohol lamp. The ster�l�zer (Figure 2) has a c�rcular 
heat�ng co�l �n the centre where the TC vessels can be 
�nserted from below, �n an upr�ght pos�t�on, for heat-
�ng the�r mouthparts. The platform �s adjustable to 
cater for vessels of different heights, such as flasks, 
jars and test-tubes. In add�t�on, at the top of the dev�ce 
�s a chamber that holds glass beads for ster�l�zat�on of 
surg�cal apparatus (such as forceps and scalpels). The 
hot co�l emanates heat to as h�gh as 300°C. Th�s s�ngle 
heat�ng co�l ster�l�zes the vessel mouthparts below 

Figure 1. MoFatt.

�t and the surg�cal apparatus above, hence, max�m�z-
ing use of the heat generated. The benefits are:

• no flame – avoids accidental fires; 
• no em�ss�on of fumes/gaseous chem�cals/

smoke;
• no hold�ng of vessels dur�ng heat�ng;
• dual purpose dev�ce - able to ster�l�ze vessel 

mouthparts and surg�cal apparatus s�multane-
ously; and

• adjustable platform to accommodate vessels 
of d�fferent he�ghts. 

Th�s dev�ce won a gold medal at I-Tex 2003 �n 
Kuala Lumpur and a bronze medal at the 32nd Inter-
nat�onal Exh�b�t�on of Invent�on 2004 �n Geneva. 

OPTRAcKS (Oil palm tissue culture tracking sys-
tem) – (MPOB TT No. 185)
  

Usually, all the data �n o�l palm TC are recorded 
manually on paper and filed for future reference. 
The data for each ortet, from selection to field test-
�ng, needs to be properly recorded for track�ng. The 
data �s volum�nous and the record�ng �ncreas�ngly 
complex. Furthermore, manual record�ng �s prone 
to human error, and the record�ng and track�ng 
are very t�me consum�ng and ted�ous as well. Th�s 
weakness will affect the overall efficiency of the sys-
tem. MPOB has developed a software for TC data-
base system for computer�zed aud�t tra�l (Zamzur�, 
2001b) and further enhanced w�th bar-cod�ng for 
mon�tor�ng and record�ng purposes �n OPTRACKS 
(Tarm�z� et al., 2003). It has been l�censed to two o�l 
palm agenc�es. 
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Figure 2. Flameless sterilizer.

genome Analysis Laboratory for Oil Palm (gA-
LOP) (MPOB TT No. 140)

GALOP �s a DNA test�ng serv�ce offered to the 
o�l palm �ndustry for appl�cat�ons �n t�ssue culture 
and breed�ng. The tests currently offered by GALOP 
are DNA fingerprinting and DNA banking.

DNa Fingerprinting. The techn�que uses exclus�ve 
DNA probes developed at MPOB to ver�fy leg�t�-
mate seed-der�ved plants from controlled crosses 
�n o�l palm breed�ng. In TC, the techn�que �s useful 
for:

a. Clonal identification
 DNA probes can be used to monitor clonal fi-

del�ty dur�ng the TC process and d�fferent�ate 
between the ortets be�ng cultured �n the labora-
tory. Th�s augurs well for the ab�l�ty of the DNA 
probes to d�fferent�ate the d�fferent genotypes 
be�ng cultured.

b. Mon�tor�ng l�ne un�form�ty
 DNA probes can be used to mon�tor the un�for-

m�ty between and w�th�n the l�nes of a clone. 
Th�s can help clear up any m�x-ups that oc-
cur early �n the TC process (even at the callus 
stage).

c. Detect�ng culture m�x-up
 Operator error �n m�x�ng up cultures �s some-

t�mes unavo�dable g�ven the large number of 

cultures handled da�ly �n the TC laboratory. 
The mistakes, however, have to be rectified in 
order to guarantee a qual�ty product. The DNA 
probes are able to d�st�ngu�sh between the true 
ramets and ‘rogues’ when their profiles are 
compared w�th that of the ortet.

d. Confirmation of ramet identity for recloning
 To recreate only clones w�th prom�se, laborato-

r�es resort to resampl�ng the ortet or reclon�ng 
the ramets. Reclon�ng a ramet offers the advan-
tage that the number of plants (ortets) ava�lable 
for sampl�ng �s mult�pl�ed. Th�s may be advan-
tageous �f the or�g�nal ortet �s no longer ava�l-
able. In sampl�ng a ramet for reclon�ng, �t �s �m-
perat�ve that the palm selected �s authent�cally 
from the clone of choice. DNA fingerprinting 
will be useful for such verification (Cheah et al., 
2003).

 DNa banking. The DNA bank for o�l palm 
�s a repos�tory for o�l palm DNA, t�ssues and 
cultures. The bank �s equ�pped w�th ultra-low 
temperature fac�l�t�es for long-term storage of 
b�olog�cal mater�als. The stored mater�als are 
useful research resources and can be used for 
future reference. 

concluSion

Var�ous technolog�es, for example, a novel l�qu�d 
culture system, efficient rooting technique, new 
ster�l�z�ng dev�ce, �nnovat�ve data record�ng and 
the appl�cat�on of molecular b�ology tools, have 
been developed by MPOB and transferred to or on 
offer to the �ndustry.  All these technolog�es have 
the potent�al to contr�bute to �mprovement of the o�l 
palm t�ssue culture process. 
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