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ABSTRACT
 
This article attempts to give an overview of the com-
bined practice of pesticide management in oil palm 
plantations, the types of pesticides commonly used 
and the method of analysis to determine pesticide 
residues in palm oil. A brief outline of the regulatory 
controls for pesticides is also included.

ABSTRAK

Artikel ini memberi suatu peninjauan umum ten-
tang pengurusan perosak bersepadu yang diamal-
kan di ladang sawit, jenis bahan racun perosak yang 
lazim digunakan dan kaedah analisis untuk menen-
tukan sisa baki racun perosak dalam minyak sawit. 
Suatu garis kasar berkenaan peraturan kawalan 
untuk bahan racun perosak juga diterangkan. 

Keywords: pest�c�de res�dues, o�l palm, herb�c�des, 
�nsect�c�des, regulatory. 

INTRODUCTION

A pest�c�de �s any b�olog�cal, phys�cal or chem�cal 
substance used to control, destroy or repel a pest.  
L�ke for any other agr�cultural crop, o�l palm y�eld 
can be severely affected by pests that compete 
aga�nst the palm for nutr�ents, �nfect or damage 
the palm.  Losses due to pests and efforts to con-
trol pests are major obstacles �n the cult�vat�on of 
o�l palm.  For example, a s�ngle bagworm outbreak 
caused leaf defol�at�on of 10-year-old palms and re-
duced the y�eld to 40%-50% over the next two years 
(Wood et al., 1973). In order to overcome losses re-
sult�ng from pest attacks, o�l palm plantat�ons prac-
t�se �ntegrated pest management (IPM) wh�ch �s a 
susta�nable approach to manag�ng pests.  IPM �s the 
coord�nated use of pest and env�ronmental �nforma-
t�on together w�th ava�lable pest control methods to 
prevent unacceptable levels of pest damage by the 
most econom�cal means, and w�th the least poss�ble 
hazard to people, property and the env�ronment.  
The control tact�cs �nclude cultural, b�olog�cal, ge-

net�c and chem�cal methods. Chem�cal control �n 
IPM d�ffers from that of a convent�onal chem�cal 
programme �n that �t �nvolves the jud�c�ous use of 
pest�c�des.  Although IPM approach rel�es pr�ma-
r�ly on natural predators to manage pests, the use 
of select�ve pest�c�des rema�ns the most econom�c 
and effect�ve pest control method �n o�l palm plan-
tat�ons. 

Pest�c�des, be�ng tox�c must be used w�th care 
to avo�d acc�dental contact w�th people who han-
dle or are exposed to them and to the surround�ng 
environment, which includes plant, fish, certain 
useful �nsects as well as the natural enem�es of the 
pests.  When pest�c�des are appl�ed �n plantat�ons, 
they can spread further than where they were ap-
pl�ed and can contam�nate waterways through run 
off �nto r�vers. 

The degradat�on and transport of these pes-
t�c�des �n the env�ronment need to be stud�ed to 
determ�ne the concentrat�ons �n water bod�es at or 
near the s�te of appl�cat�on. Leach�ng of the pest�-
c�des �nto the waterways may be detr�mental to l�v-
�ng organ�sms wh�ch may be food for humans or 
an�mals. Precaut�ons have to be taken to ensure that 
the env�ronment �s free from pest�c�de contam�na-
t�on. Another �mpact of pest�c�des �s that on food 
safety because pest�c�des may leave res�dues �n 
the final product. The edible products of the palm 
fru�t, such as palm o�l and palm kernel o�l, must be 
mon�tored for the res�dues of the appl�ed pest�c�des. 
Therefore, the amount of appl�ed pest�c�de must be 
adequate so as to control the target enemies while 
hav�ng m�n�mal effects on the env�ronment and 
food safety of palm o�l. Th�s art�cle outl�nes agr�cul-
tural pract�ces and steps �n o�l palm plantat�ons for 
crop protect�on, and mon�tor�ng of res�due �n the 
env�ronment and o�l.

AGRICULTURAL	PRACTICES	IN	THE	OIL	PALM	
PLANTATION

Good agr�cultural pract�ce (GAP) �n the use of pest�-
c�des (CODEX, 1998) �ncludes the nat�onally author-
�zed safe use of pest�c�des under actual cond�t�ons 
necessary for effect�ve and rel�able pest control. It 
covers a range of levels of pest�c�de appl�cat�ons up 
to the h�ghest author�zed use, appl�ed �n a manner �n 
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the agr�cultural crops �n small amount. Author�zed 
safe use, determ�ned at the nat�onal level, �ncludes 
nat�onally reg�stered or recommended uses, wh�ch 
take �nto account publ�c and occupat�onal health 
and env�ronmental safety cons�derat�ons. Actual 
cond�t�ons may �nclude any stage �n the produc-
t�on, storage, transport, d�str�but�on and process�ng 
of food commod�t�es and an�mal feed.

Good Agricultural Practice for Oil Palm 

The pract�ces �n o�l palm plantat�ons seek to 
address problems caused by some of the weeds, 
d�seases, d�sorders and pests of the o�l palm. Each 
plantation has its own unique way of handling 
these problems and they are documented as part of 
the good agronom�c pract�ces manual. Some of the 
weeds and pests of the o�l palm are l�sted �n Tables 
1 to 7.  

WEEDS

The ma�n problem �n the o�l palm plantat�on �s 
weeds. Dur�ng the �mmature stage, the palm fronds 
are small and therefore the ground surround�ng 
the o�l palm �s exposed to sunl�ght thereby ass�st-
ing prolific growth of the weeds. However, when 
the palm �s matured, the close canopy prevents 
sunl�ght from reach�ng the ground   thus reduc-
�ng weed growth. Some of the weeds found �n o�l 
palm plantat�ons are l�sted �n Tables 1 to 6. A br�ef 
descr�pt�on of the weed types �s as follows:

Grass-type Weeds 

Grass weeds from the fam�ly of Gramineae and 
Cyperaceae have sharp th�n leaves. They reproduce 
by seeds and rh�zomes. Imperata cylindrica �s a com-
mon weed, able to produce large amounts of seeds 
and dormant buds along rh�zomes. I. cylindrica �n 
sheet form �s capable of stunt�ng o�l palm growth 
and yield. Signs of nitrogen deficiency as shown by 
yellow�ng can be observed under h�gh weed den-
s�ty.

Other common grass weeds �n o�l palm planta-
t�ons �nclude Paspalum conjugatum (rumput kerbau), 
Ottochloa nodasa (rumput pahit), Ischaemum muticum 
(rumput kemarau), Pennisetum polystachion (rumput 
gajah), Eleusine indica (rumput sambau) and Axonopus 
compressus (rumput padang). Ischaemum muticum has 
the potent�al to reduce o�l palm y�eld by up to 22%.

Creeper Broadleaf Weeds  

The weeds are able to creep on the surface of 
so�l and cl�mb over dead tree stumps or b�gger trees. 

They have w�de leaves and small frag�le stems. 
M. micrantha �s aggress�ve and grows well �n wet, 
shady and open areas. It affects o�l palm growth 
and y�eld by compet�ng for nutr�ents, water and 
l�ght. Bes�des that, �t also produces an allelopath�c 
compound which may inhibit nitrification by the 
so�l m�croorgan�sms. 

Non-creeper Broadleaf Weeds 

These weeds are the small, erect and succulent 
herbaceous plants. They are able to flower and pro-
duce many seeds. Normally, they can colon�ze pre-
v�ously chem�cally treated areas through the rap�d 
germ�nat�on of seeds. Asystasia intrusa is difficult to 
control due to �ts ab�l�ty to spread seeds v�gorously 
and quickly. It grows well on all soil types and even 
under shade. It competes w�th o�l palm by tak�ng 
up N, P, and K nutrients efficiently. It grows up to 
1 m, compet�ng w�th palms up to three to four years 
old. 

Woody Broadleaf Weeds 

Most woody weeds are d�cotyledons w�th 
strong woody stems. They have a long l�fe of more 
than two seasons, produc�ng lots of branches. They 
reproduce by seeds. Chromolaena odorata significant-
ly affects inflorescence production, sex ratio and 
early bunch yield. In most cases, the prolific regen-
erat�on �nto woody shrubs makes them undes�rable 
�n o�l palm. Bes�des, Melastoma sp. and Clidemia sp. 
are alternate hosts to cockchafer beetles and other 
leaf eat�ng pests of o�l palm. 

Sedge-type Weeds  

Sedge-type weeds from the fam�ly Cyperaceae 
have sharp th�n leaves and angled stems. They re-
produce by seeds and rh�zomes. Cyperus iria and 
Cyperus rotundus are commonly found �n the nurs-
ery and low ly�ng mo�st areas. Sedges are common, 
generally grow well �n wet areas and are usually 
difficult to control with chemicals.  

Ferns and Bracken Weeds 

These weeds, as saprophytes, do not affect o�l 
palm y�eld. Instead, they control the water level �n 
the so�l. They have short root systems and some 
even grow �n between o�l palm fronds as ep�phytes. 
These weeds grow well �n wet and shady areas. 

GENERAL	MANAGEMENT	FOR	ALL	WEEDS

There are var�ous methods of weed control (cultur-
al, b�olog�cal and chem�cal), wh�ch vary �n cost and 
effects. 
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TABLE 1. HERBICIDES (active ingredients) SUITABLE TO CONTROL GRASS-TYPE WEEDS

Weed Active ingredient Rate of product in 18 litre 
mixture

Crop stage

Imperata cylindrica Glyphosate*

Imazapyr*

180 – 240 ml of 41% product

150 – 225 ml of 10% product

Outs�de c�rcles of 
�mmature 

-

Ischaemum muticum Glyphosate* 160 ml of 41% product Outs�de c�rcles of 
�mmature

Eleusine indica Glufos�nate-ammon�um**

Imazapyr*

Fluaz�fop-butyl

132 ml of 18% product

60 – 120 ml of 10% product 

60 ml of  26% product

-

Outs�de c�rcles of 
�mmature

-

Pennisetum Metsulfuron-methyl

Glyphosate* 

Fluaz�fop-butyl

3 g of  20% product

60 ml of  41% product

60 ml of  26% product

-

Outs�de c�rcles of 
�mmature

-

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).

TABLE 2. HERBICIDES (active ingredients) SUITABLE TO CONTROL CREEPER-TYPE 
BROADLEAF WEEDS

Weed Active ingredient Rate of product in 18 litre 
mixture

Crop stage

Mikania micrantha Fluroxypyr * 15 ml of  26% product Mature

Passiflora foetida 2, 4-D am�ne * 56 ml of  70% product Mature

Momordica charantia Tr�clopyr* 60 ml of  32% product Mature

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).
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TABLE 3. HERBICIDES (active ingredients) SUITABLE TO CONTROL NON-CREEPER TYPE 
BROADLEAF WEEDS

Weed Active ingredient  Rate of product in 18 
litre mixture

Crop stage

Assystasia gangetica 2, 4-D am�ne* 

Metsulfuron-methyl

56 ml of  70% product

3 g of  20% product

Mature

Immature 

Passiflora foetida 2, 4-D am�ne* 56 ml of  70% product Mature 

Mimosa invisa Glufos�nate-ammon�um**

Glyphosate*

Metsulfuron-methyl

180 ml of  18% product

120 ml of  41 % product

3 g of  20% product

Immature + mature

Mature 

Immature

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).

TABLE 4. HERBICIDES (active ingredients) SUITABLE TO CONTROL WOODY-TYPE 
BROADLEAF WEEDS

Weed Active ingredient Rate of product in 18 litre 
mixture

Crop stage

Assystasia intrusa Metsulfuron-methyl

2, 4-D am�ne

3 g of  20% product

6 – 10 ml of  70% product

Immature

Mature

Melastoma malabathricum Tr�clopyr

Metsulfuron-methyl

60 – 80 ml of  32% product

6 g of  20% product

Mature

Immature + mature

Ageratum conzoides Metsulfuron-methyl

2, 4-D am�ne

3 g of  20% product

6 – 10 ml of  70% product

Immature

Mature

Chromolaena odorata Tr�clopyr

Metsulfuron-methyl

60 – 80 ml of  32% product

6 g of  20% product

Mature

Immature + mature

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).
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Cultural Practices 

• Mulch�ng w�th empty fru�t bunch (EFB) 
around the base of palm ;

• Cut fronds placed �n the �nter-rows;
• Ch�pped trunk around young palms;
• Legume cult�vat�on; and
• Manual weed�ng – usually done �n nurser�es.

These cultural practices benefit the main crop by:
• �ncreas�ng the organ�c level �n so�l;
• ma�nta�n�ng the so�l mo�sture, controll�ng so�l 

eros�on and protect�ng the phys�cal structure 
of so�l;

• allow�ng crop �ntegrat�on, thereby �ncreas�ng 
area usage and profit; and

• allowing legumes to fix nitrogen from atmos-
phere as nutr�ents for palms.

Proper select�on of plants for �ntegrat�on �s cru-
c�al to avo�d compet�t�on between the plants and 
oil palm. Legume cultivation is beneficial and the 
m�xture recommended for o�l palm are Calopogo-
nium mucunoides, C. caeruleum, Centrosema pubescene, 

TABLE 5.  HERBICIDES (active ingredients) SUITABLE TO CONTROL SEDGE-TYPE WEEDS

Weed Active ingredient Rate of product in 18 litre 
mixture

Crop stage

Cyperus iria Glyphosate* 120 ml of  41% product Immature + 
mature

Scleria sumatrensis Glufos�nate-ammon�um** 132 ml of  18% product Mature

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).

TABLE 6.  HERBICIDES (active ingredients) SUITABLE TO CONTROL FERN AND BRACKEN WEEDS

Weed Active ingredient Rate of product in 18 litre 
mixture

Crop stage

Nephrolepsis biserrata Metsulfuron-methyl 4-6 g of 20% product Immature + 
mature

Dicranopteris linearis Glufosinate-ammonium** + 2, 
4-D am�ne*

60 ml of  18% product + 60 
ml of  70% product

Mature

Adiantum latifolium Glufos�nate- ammon�um** 132 ml of  18% product Mature

Notes: *Not safe to �mmature palms; ** Scorch�ng.
Source: Turner and G�llbanks (2003).

Pueraria phaseoloides, Desmodium ovalifolium, Mucuna 
bracteata and M. cochinchinensis.

Weeds are controlled through b�olog�cal and 
chem�cal means. B�olog�cal control through an�mal 
�ntegrat�on, such as cattle, goat, sheep and deer rear-
�ng, has been effect�ve �n controll�ng weeds �n the 
mature plantat�on. Chem�cal control �s carr�ed out 
by spray�ng herb�c�des on these weeds. Knowledge 
on spraying techniques and types of weed and her-
b�c�des �s �mportant. System�c herb�c�des prov�de 
longer control compared to contact. The types of 
herb�c�des accord�ng to the type of weed are sum-
mar�zed �n Tables 1 to 6.

PESTS:	INSECTS	AND	VERTEBRATES

Basic Elements of Pest Management

O�l palm �s prone to several spec�es of defo-
l�ators, bunch, fru�t and stem attackers. Growers 
should be able to define conducive environments 
to the breed�ng of pests and the threshold levels of 
pests.  Chem�cals should be used only after the pest 
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numbers exceed a certa�n populat�on level. Census 
and mon�tor�ng of pest populat�on are essent�al to 
determ�ne that the populat�on level of the pests 
does not exceed the econom�c �njury level.

Once a pest �s detected, growers should be able 
to �dent�fy �t and the category of �nfestat�on, whether 
�t �s a low, moderate, ser�ous or outbreak s�tuat�on. 
During an outbreak, the proper technique, timing 
and correct cho�ce of chem�cals are essent�al to br�ng 
the populat�on to a tolerable level.

The IPM �s comb�nat�on of both chem�cal and 
b�olog�cal means. In th�s concept, the use of chem�-
cals �s str�ctly for reduc�ng the pest populat�on �f 
�t exceeds a certa�n threshold. Once �t �s reduced, 
establ�shment of a self-propagat�ng, �ntegrated b�o-
log�cal control agent �s encouraged for long-term 
control.
 

B�olog�cal control agents can be �n the form of 
�nsect predators and paras�to�ds, fung�, bacter�a 
and virus which are host specific to the pests. These 
natural enem�es contr�bute to the long-term control 
of pests and reduce the rel�ance on chem�cal �nsect�-
cides. Theories as well as field training are essential 
�n order to �ntroduce and �mplement the concept to 
the growers. Some of the pests of o�l palm are l�sted 
�n Table 7.

Choice of Control (chemical and biological)

Growers should only use chem�cals wh�ch are 
reg�stered �n the country. Chem�cals should be se-
lect�vely chosen to control certa�n k�nds of pests. 
The correct technique of application needs to be 
cons�dered when us�ng a certa�n formulat�on of 
chem�cals.
 

The cho�ce of chem�cals should be based on 
whether it is a stomach poison (specific for leaf eat-
ers) or contact po�son (for general control). Gener-
ally, a contact po�son �s less select�ve as �t w�ll harm 
the beneficial insects and organism as well. A sys-
tem�c chem�cal, wh�ch goes �nto the plant system, �s 
very select�ve towards leaf eat�ng pests. Wax ba�ts 
are useful for mammal�an/rodent pests.

Knowledge �n b�olog�cal control �s essent�al for 
growers to ensure long-term control of pests. B�o-
control agents can be enhanced by hav�ng su�table 
and conduc�ve env�ronments, e.g. �nsect paras�to�ds 
and predators require food and shelter in certain 
flowering, nectariferous plants. The planting of 
these beneficial plants is greatly encouraged.

Protective Clothing and Method of Application

Growers should wear protect�ve cloth�ng when 
d�lut�ng and spray�ng the chem�cals. The operators 
should have proper knowledge on handl�ng pest�-
c�des and the correct method to apply the chem�-
cals, e�ther by spray�ng, trunk �nject�on or ba�t�ng. 
The types of chem�cals, suppl�es and usage need 
to be properly recorded. The chem�cals need to be 
stored �n a safe place.   

DISEASES

Bes�des weed and pest problems, the o�l palm �s 
also prone to several d�seases. The major d�seases 
are vascular w�lt, basal stem rot, bud and spear rot, 
red ring disease and sudden wilt. Of the five dis-
eases ment�oned, basal stem rot �s the major d�sease 
�n Malays�an o�l palm plantat�on. 

TABLE 7. PESTS AND DISEASES OF THE OIL PALM (Elaeis guineensis)

Stage Diseases, disorders and pests

Nursery Anthracnose, leaf spot d�sease, aph�ds, cockchafers

Mature leaf Crown d�sease, wh�te str�pe, patch yellow, leaf eat�ng caterp�llars, bagworms, nettle 
caterp�llars

Stem and root Ganoderma trunk rot/basal, stem rot, upper stem rot, term�tes

Bunch and fru�t Bunch and fru�t rot, Marasmius palmivorus, bunch moth (Tirathaba rufivena)

Young palms Grasshoppers, rh�noceros beetle  

Mature palms Beetles, term�tes

Fru�ts Rat (Ratticus tiomanicus), b�rds (Psittacula longicanda, Psittinus cynurus and Loriculus 
galgulus)

Source: Turner and G�llbanks (2003).
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Vascular Wilt 

Vascular w�lt, or Fusar�um w�lt, �s caused by 
the fungus Fusarium oxysporum f. sp. Elaeidis. It �s a 
so�l borne d�sease and the fungus attacks the xylem. 
Once establ�shed the d�sease causes the vascular 
strands in the stem to turn dark brown and, finally, 
black. Th�s w�ll �mpede the transportat�on of water 
and nutr�ents �n the stem, thus k�ll�ng the o�l palm. 

Basal Stem Rot 

Th�s �s a d�sease caused by several spec�es of 
Ganoderma and �s a major d�sease �n Malays�a. O�l 
palm planted after coconut, espec�ally on coastal 
mar�ne clays, �s suscept�ble to th�s d�sease. However, 
the d�sease also occurs on peat and �nland so�ls. Even 
though there are several spec�es of Ganoderma, the 
spec�es commonly found �n Malays�a �s Ganorderma 
boninense. Control of the d�sease �s by appl�cat�on 
of the tr�azole group of fung�c�des and fum�gant 
methyl�soth�ocyanate. One of the fung�c�des be�ng 
tested aga�nst Ganoderma, �n MPOB, �s hexaconazole. 
Hexaconazole �s not reg�stered for use on palm o�l 
yet; however, tr�als are be�ng carr�ed out to generate 
res�due tr�al data wh�ch w�ll be used for reg�strat�on 
and establ�shment of max�mum res�due l�m�ts 
(MRL) �n palm o�l.

Bud and Spear Rot 

Th�s d�sease causes chloros�s of the fronds, 
espec�ally the youngest fronds of 1-10. The actual 
causal agent has yet to be identified. The disease 
also causes the roots to rot and the rott�ng t�ssue 
can em�t character�st�c putr�d odour. The d�sease �s 
rampant �n areas of h�gh ra�nfall and low sunsh�ne. 
The �nc�dences are reported to be h�gh dur�ng the 
ra�ny season w�th rem�ss�on �n the dry season. The 
d�sease �s reduced through �mproved agronom�c 
pract�ces, such as �mproved dra�nage, reduced so�l 
compact�on and �mproved aerat�on.

Red Ring Disease 

Th�s d�sease �s usually observed �n o�l palm 
older than five years and is characterized by pro-
gress�ve yellow�ng of the fronds from the oldest to 
the youngest. Other symptoms observed are pro-
duct�on of very short fronds, compact appearance 
of the crown, followed by necrosis of the leaflets. 
The d�sease �s attr�buted to the nematode, R. co-
cophilus, and the vector for th�s nematode �s R. pal-
marum. Other vectors reported �nclude Metamasius 
hemipterus, Dinamis borassi, Limnobaris calandriformis  
and Strategus aloes.

CHEMISTRY	OF	PESTICIDES

Several pest�c�des are appl�ed to control pests and 
diseases of oil palm. These pesticides are classified 

�nto herb�c�des, �nsect�c�des, rodent�c�des and fun-
g�c�des. The l�st of pest�c�des reg�stered for use �n 
o�l palm �s shown �n Table 8. All pest�c�des are tox�c 
and therefore should be appl�ed accord�ng to the 
�nstruct�ons on the�r labels. These pest�c�des at low 
dosage are used to k�ll agr�cultural pests wh�le at 
h�gh dosage can be fatal to humans. 

Herbicides

Chem�cals used for destroy�ng weeds are re-
ferred to as herb�c�des. Herb�c�des can be class�-
fied in several ways depending on their chemical 
structure, effect on weeds, functional group or field 
use. They are also grouped based on the�r act�on 
on fol�age or through the so�l. The�r effects on fo-
l�age can be by contact (select�ve or non-select�ve) 
or translocat�on (select�ve or non-select�ve). A selec-
t�ve herb�c�de �s one that retards or k�lls the growth 
of an unwanted plant, or weed, wh�le caus�ng l�ttle 
or no �njury to des�rable spec�es.  On the other hand, 
a non-select�ve herb�c�de k�lls every plant �t comes 
�nto contact w�th. Herb�c�des that act through the 
so�l (so�l-borne) are taken up through the roots of the 
target plant. They have e�ther short or long res�dual 
and select�ve or non-select�ve effect. Pre-emergent 
herb�c�des are appl�ed to the so�l and prevent ger-
m�nat�on or early growth of weed seeds. Post-emer-
gent herb�c�des are those appl�ed when the weeds 
are fully grown.

In the o�l palm plantat�on, herb�c�des are ap-
pl�ed to control weeds �n compet�t�on w�th the o�l 
palm. These herb�c�des are regularly appl�ed to 
the area surround�ng �mmature palms to prevent 
weed growth. However, when the trees mature the 
canopy prevents sunl�ght reach�ng the weeds. Th�s 
reduces prolific growth of the weeds, allowing for 
m�n�mal herb�c�de appl�cat�on. 

Most herb�c�des are appl�ed as water-based 
sprays using ground equipment. Even though a 
number of herb�c�des are reg�stered for use �n o�l 
palm plantat�ons, the commonly used herb�c�des 
are paraquat, glyphosate, glufosinate ammonium 
and metsulfuron methyl. However, paraquat’s 
mode of act�on d�ffers from the other three because 
�t destroys weeds on contact. The other three are 
system�c herb�c�des and therefore are slower �n 
show�ng results. System�c herb�c�des are absorbed 
by the fol�age or roots and translocated to other 
parts of the plant.

Paraquat �s a b�pyr�dal herb�c�de and the com-
merc�al forms are the d�chlor�de and b�s(methyl sul-
phate). It is deliquescent and very soluble in water. 
The salts are stable �n neutral and ac�d med�a but 
are ox�d�zed under alkal�ne cond�t�on and decom-
pose �n ultrav�olet l�ght. Autox�dat�on or reduct�on 
of paraquat solutions produces an intensely purple 
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TABLE 8. MAXIMUM RESIDUE LIMITS OF AGROCHEMICALS IN SCHEDULE SIXTEEN OF THE 
PESTICIDE ACT 1985 AND REGULATIONS

Notes: F = fung�c�de, H = herb�c�de, I = �nsect�c�de, MRL = max�mum res�due l�m�t, ADI = acceptable da�ly �ntake.
Source: Food Act 1983 (Act 281) and Regulat�ons (2005b). 

Pesticide Type  National MRL (mg kg-1)

Captan F 10

Cyproconazole F 0.1

D�th�ocarbamates F 1

D�fenoconazole F 0.1

2, 4-D H 0.05

Ametryn H 0.2

C�nosulfuron H 0.1

D�camba H 0.1

D�uron H 0.1

DSMA H 0.1

Fluaz�fop-butyl H 0.2

Fluroxypyr H 0.1

Glufos�nate ammon�um H 0.5

Glyphosate H 0.1

Imazapyr H 0.1

Imazethapyr H 0.05

Metsulfuron methyl H 0.02

MSMA H 0.1

Paraquat H 0.1

Sethoxyd�m H 0.05

Tr�clopyr H 0.1

Butocarbox�m I 2

Chlorpyr�fos I 0.5

Cypermethr�n I 0.5

Deltamethr�n I 0.2

Gamma HCH I 2

Lambda cyhalothr�n I 0.1

Metham�dophos I 0.1

Meth�dath�on I 0.1

Monocrothophos I 0.05

Acephate I 0.5
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water-soluble, relat�vely stable free rad�cal. Th�s so-
lut�on of free rad�cal absorbs at 396 nm wh�le the 
unreduced form absorbs at 256 nm. The unformu-
lated salts are corros�ve to common metals but the 
d�luted forms are less corros�ve and do not affect 
the spray equipment (EXTOXNET; The Pesticide 
Manual, 1991). 

When sprayed on weeds, on contact, �t rap�d-
ly scorches and k�lls the weeds. It �s used for land 
preparat�on �n comb�nat�on w�th ‘no-t�ll’ agr�cul-
tural pract�ces. It �s part�cularly �mportant to grow-
ers �n peat areas where woody weeds, l�ke bracken 
and ferns dominate the vegetation. Paraquat is the 
chosen herb�c�de dur�ng ra�ny season because �t �s 
ra�n-fast and k�lls weeds w�th�n 15-30 m�n. In com-
parison, the efficacy of glyphosate and glufosinate 
may be reduced to 40%-70% �f heavy ra�n comes af-
ter appl�cat�on.

Paraquat, a non-selective herbicide, used to be 
the major pest�c�de appl�ed �n the o�l palm planta-
t�ons because of �ts effect�veness �n k�ll�ng Neph-
rolepis biserrata. However, paraquat usage in the 
agr�cultural sector �n Malys�a was banned �n July 
2003; but usage was re�nstated for o�l palm �n 2005 
for two years. In December 2006, paraquat was al-
lowed to be used for other crops unt�l November 
2007. Hence, an alternat�ve �s needed to destroy 
th�s dom�nant vegetat�on �n o�l palm plantat�ons. 
Glyphosate �s the next major herb�c�de used fol-
lowed by others such as metsulfuron methyl, 2,4-D, 
glufosinate ammonium, diuron, fluroxypyr, etc. 

Glyphosate �s a phosphon�c ac�d herb�c�de act-
�ng as an aromat�c ac�d synthes�s �nh�b�tor. Pure 
glyphosate has a zw�tter�ons structure and �s cor-
ros�ve to �ron, steel and alum�n�um. It �s a broad-
spectrum, non-select�ve system�c herb�c�de used for 
control of annual and perenn�al plants �nclud�ng 
grasses, sedges, broad-leaved weeds and woody 
plants. On appl�cat�on to the fol�age, �t �s absorbed 
and rap�dly translocated throughout the plant. It 
acts by prevent�ng the plant from produc�ng es-
sent�al am�no ac�ds. Th�s reduces the product�on 
of prote�n �n the plant and �nh�b�ts plant growth. 
Due to the absorpt�on be�ng l�m�ted to fol�age, so�l 
bound glyphosate �s effect�vely �nert. Glyphosate �s 
metabol�zed or broken down by some plants. Am�-
nomethylphosphon�c ac�d �s the ma�n metabol�te 
of glyphosate �n plants (EXTOXNET; The Pest�c�de 
Manual, 1991). 

Glufos�nate ammon�um �s der�ved from phos-
ph�nothr�c�n, a natural m�crob�al tox�n �solated 
from two spec�es of Streptomyces fung�. It �s a phos-
phorus-conta�n�ng am�no ac�d that �nh�b�ts the ac-
t�v�ty of the enzyme, glutam�ne synthetase, wh�ch 
�s necessary for the product�on of the am�no ac�d 

glutamine and ammonia detoxification. The appli-
cat�on of glufos�nate ammon�um leads to reduce 
glutam�ne and �ncreased ammon�a levels �n the 
plant. Th�s causes photosynthes�s to stop and the 
plant d�es w�th�n a few days (EXTOXNET; The Pes-
t�c�de Manual, 1991). 

Uptake of glufos�nate ammon�um �s through 
the leaves and stem and damage �s restr�cted to 
those parts of the plants wh�ch are �n d�rect con-
tact w�th the spray. The act�ve �ngred�ent can move 
w�th�n leaves but cannot move to other parts of the 
plant such as underground rh�zomes or stolons. 
Long-term control of perenn�al weeds �s therefore 
l�m�ted. The ma�n metabol�te of glufos�nate ammo-
n�um �n plants �s 3-methyl-phosph�n�coprop�on�c 
ac�d and other metabol�tes are 4-methyl-phosph�n-
�co-butan�oc ac�d and 2-methyl-phosph�n�co-acet�c 
ac�d. The an�on�c surfactant, sod�um polyoxyethyl-
ene akylether sulphate (AES), �s added to enhance 
the plant’s absorpt�on of glufos�nate.

Metsulfuron methyl �s a sulphonylurea herb�-
c�de wh�ch �s stable �n a�r. It hydrolyses �n ac�d solu-
tion at 25°C with a half-life of 15 hr at pH2, 33 days 
at pH15, greater than 41 days at pH7 and pH9 and 
rapidly decomposes at 45°C. It is used as a selec-
t�ve herb�c�de pr�mar�ly for pre- and post-emergent 
control of annual b�enn�al and perenn�al broadleaf 
weeds and some annual grasses. It �s a system�c 
compound w�th fol�ar and so�l act�v�ty and enters 
the plant through the roots and fol�age, �nh�b�t�ng 
synthes�s of key am�no ac�ds thereby �nh�b�t�ng cell 
d�v�s�on. It �s b�olog�cally act�ve at low rates of us-
age (EXTOXNET; The Pest�c�de Manual, 1991). 

The 2,4-D, abbrev�ated from 2,4-
d�chlorophenoxyacet�c ac�d,  �s a chlor�nated 
phenoxy compound and �s used as a system�c 
herb�c�de to control broadleaf weeds, grasses and 
other monocots, woody plants, aquatic weeds and 
non-flowering plants. When applied on foliage, it 
�s absorbed and translocated throughout the plant. 
It �s select�ve and weeds can be treated wh�le the 
crop �s not affected or only m�n�mally �njured. It 
�s the most w�dely used herb�c�de �n cult�vated 
agr�culture, �n pasture and rangeland appl�cat�ons, 
forest management, home gardens and to control 
aquatic vegetation.  As a plant-growth regulator, it 
st�mulates nucle�c ac�d and prote�n synthes�s and 
affects enzyme act�v�ty, resp�rat�on and cell d�v�s�on. 
On absorpt�on through the leaves, stems and roots, 
�t moves throughout the plant and accumulates 
�n the grow�ng t�ps (EXTOXNET; The Pest�c�de 
Manual, 1991). 

D�uron �s a urea herb�c�de used to control a 
w�de var�ety of annual and perenn�al broadleaf and 
grassy weeds. It �s used to control weeds and moss-

Oil Palm Bulletin 54 Pesticide Application in the Oil Palm Plantation



61

es on non-crop areas and among many agr�cultural 
crops. It works by �nh�b�t�ng photosynthes�s. It de-
composes at 180°C-190°C. At ordinary temperature 
and neutral pH, hydrolys�s �s negl�g�ble but under 
ac�d�c and alkal�ne cond�t�ons or h�gher tempera-
tures hydrolys�s �s greater. D�uron degrades by N-
demethylat�on under aerob�c cond�t�ons to metabo-
l�tes such as N’-(3,4-d�chlorophenyl)-N-methylurea; 
3,4-d�chlorophenylurea and 3,4-d�chloroanal�ne, 
wh�le under anaerob�c cond�t�ons a dechlor�nated 
product, N’-(3-chlorophenyl)-N-methylurea, �s 
formed (EXTOXNET; The Pest�c�de Manual, 1991). 

Fluroxypyr belongs to the pyr�d�noxy ac�d 
fam�ly. It �s read�ly translocated and effect�ve by 
post-emergence fol�ar appl�cat�on, controll�ng a 
range of broadleaf weeds. It �s also appl�ed d�rectly 
on herbaceous and woody broadleaf weeds �n or-
chards and plantat�on crops such as rubber and o�l 
palm. 

D�camba belongs to the benzo�c chem�cal class 
and can be appl�ed to the fol�age or so�l. It �s read�ly 
absorbed by the fol�age and roots and translocated 
throughout the plant. Wh�le 2,4-D can be used to 
control most weeds, d�camba can be used for tough-
to-control weeds. D�camba controls annual and 
perenn�al broadleaf weeds, brush and bracken. It 
can also k�ll broadleaf weeds before and after they 
sprout. D�camba comb�ned w�th phenoxyalkano�c 
ac�d or other herb�c�des �s used �n pastures, range 
land and non-crop areas. In some plants, �t may ac-
cumulate �n the t�ps of leaves. D�camba acts as an 
aux�n-l�ke growth regulator and some plants can 
metabol�ze or break �t down (EXTOXNET; The Pes-
t�c�de Manual, 1991).  

Tr�clopyr �s a herb�c�de belong�ng to the py-
r�d�ne (p�col�n�c ac�d) fam�ly. It �s a select�ve sys-
tem�c herb�c�de used to control woody and herba-
ceous broadleaf plants and has l�ttle or no �mpact 
on grasses. As an aux�n m�m�c or synthet�c aux�n, 
the herb�c�de k�lls by m�m�ck�ng the plant growth 
hormone aux�n (�ndole acet�c ac�d). When adm�n�s-
tered at effect�ve doses, �t causes uncontrolled and 
d�sorgan�zed plant growth that leads to death. Both 
the salt and ester are read�ly hydrolysed to the ac�d 
form �n the env�ronment and plant.  

INSECTICIDES

The use of �nsect�c�des �n o�l palm plantat�ons �s 
m�n�mal as they are only appl�ed when there �s an 
�nsect attack. The major problem �n Malays�an o�l 
palm plantat�ons �s bagworm and a number of stud-
�es have been carr�ed out to control th�s �nfestat�on. 
The �nsect�c�des appl�ed for th�s purpose are phos-
phorus-based, or organophosphorus, compounds 

wh�ch are appl�ed through trunk �nject�on. Under 
the 16th Schedule of the Food Regulat�ons, the use of 
organophosphorus compounds such as monocro-
tophos, metham�dophos and acephate �s restr�cted.  
They can only be appl�ed on o�l palm and coconut. 
Synthet�c pyrethro�ds such as cypermethr�n, lamb-
da-cyhalothr�n and deltamethr�n are also used to 
control Oryctes attack on �mmature palms. 

Organophosphorus Compounds

One of the groups of �nsect�c�des w�th w�de 
rang�ng tox�c�ty �s organophosphorus compounds. 
They can be absorbed dermally, orally or through 
�nhalat�on of the vapours. Th�s group of �nsect�c�de 
attacks chol�nesterase, wh�ch �s necessary for prop-
er funct�on�ng of the nerve. It acts by �nh�b�t�ng or 
po�son�ng chol�nesterase caus�ng the nerve �mpulse 
transm�ss�on to race out of control due to a bu�ld-up 
of acetylcholine at the end of the nerve fibres. This 
w�ll result �n convuls�ons, muscle tw�tch�ng and 
even v�olent muscular act�on.

Monocrotophos �s one of the organophospho-
rus �nsect�c�des wh�ch acts both system�cally and 
through contact. It penetrates plant t�ssues rap�dly 
and �s used aga�nst a w�de range of pests. In Malay-
s�a, �t �s only formulated as a system�c chem�cal for 
trunk �nject�on and a purchase perm�t from the Pes-
ticides Board is required. It is restricted to use for oil 
palm and coconut only. Th�s compound �s used to 
address the bagworm problem �n o�l palms. When �t 
�s �njected �nto the o�l palm trunk, the transp�rat�on 
pull transm�ts the compound to the fronds where 
the bagworm populat�on concentrates. Appl�cat�on 
of monocrotophos is confined to serious infestation 
of th�s pest, wh�ch exceeds the threshold level (EX-
TOXNET; The Pest�c�de Manual, 1991). 

Metham�dophos �s another organophosphorus 
compound used on o�l palms to control bagworms. 
It �s a broad-spectrum system�c and contact �nsect�-
c�de and acar�c�de. It �s absorbed by the roots and 
leaves. In Malays�a, �t �s formulated for trunk �n-
ject�on. The system�c effects of metham�dophos re-
ma�n up to two weeks after �n�t�al appl�cat�on (EX-
TOXNET; The Pest�c�de Manual, 1991).  

Acephate �s the th�rd organophosphorus com-
pound used to address bagworms. It �s a system�c 
�nsect�c�de w�th contact and stomach act�on. It �s of 
moderate pers�stence w�th res�dual system�c act�v-
�ty of about 10-15 days. Acephate em�ts tox�c fumes 
of phosphorus, n�trogen and sulphur ox�des when 
decomposed under heat. Symptoms of exposure to 
acephate �nclude a sl�ght �rr�tat�on of the eyes and 
sk�n. In Malays�a, acephate �s also formulated for 
trunk �nject�on and �t �s also a restr�cted compound 
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used for o�l palm and coconut tree (EXTONET; The 
Pest�c�de Manual, 1991).   

Chlorpyr�fos belongs to the organophosphorus 
fam�ly w�th the phosphate group attached to the 
pyr�d�ne r�ng. It �s also a chol�nesterase �nh�b�tor as 
�t d�srupts the act�v�t�es of the enzyme wh�ch �s es-
sent�al for proper work�ng of the nervous system of 
both humans and �nsects. It �s a broad range, non-
system�c �nsect�c�de wh�ch �s effect�ve by contact, �n-
gest�on and resp�ratory act�on. It �s effect�ve aga�nst 
a w�de range of plant eat�ng �nsects. It �s used to 
control the rh�nocerous beetle (Oryctes rhinocerous) 
�n o�l palm plantat�ons (Basr� and Norman, 2000) 
and term�tes. The pr�mary chlorpyr�fos breakdown 
product �s 3,5,6-tr�chloro-2-pyr�d�nol (EXTONET; 
The Pest�c�de Manual, 1991).

Synthetic Pyrethroids

Insect�c�des belong�ng to th�s group have s�m�-
lar propert�es as the naturally occurr�ng pyrethr�ns. 
They are stable compounds and are used aga�nst 
a w�de var�ety of pests. Two synthet�c pyrethro�ds 
used for o�l palm are cypermethr�n and deltameth-
r�n.

Cypermethr�n �s eas�ly hydrolysed but �s more 
stable �n ac�d than �n alkal�. It �s ava�lable as an 
emulsifiable concentrate or wettable powder. Tech-
n�cal cypermethr�n �s a m�xture of e�ght d�fferent 
�somers, each of wh�ch may have �ts own chem�-
cal and b�olog�cal propert�es. The mode of act�on �s 
through contact or by �ngest�on, by wh�ch the �nsect 
nervous system �s paralysed (EXTONET; The Pest�-
c�de Manual, 1991).  

Deltamethr�n also belongs to the synthet�c py-
rethro�d fam�ly �nsect�c�des that k�ll �nsects on con-
tact and through digestion. It is stable at ≤ 190°C 
and more stable �n ac�d than �n alkal�ne med�um. 
It acts �n the same way as the natural pyrethr�ns, 
wh�ch paralyze the �nsect nervous system rap�dly 
and k�ll the �nsects due to �rrevers�ble damage to the 
nervous system. It �s also a broad spectrum �nsec-
t�c�de and the most powerful synthet�c pyrethro�d 
(EXTONET; The Pest�c�de Manual, 1991).  

RODENTICIDES

Roent�c�des are chem�cals used to k�ll rodents (rats).  
Ant�coagulant rodent�c�des are probably the most 
commonly used rodent�c�des today.  These roden-
t�c�des exert the�r effect by �nterfer�ng w�th the re-
cycl�ng of v�tam�n K1, an act�ve form of v�tam�n K.  
When v�tam�n K cannot be regenerated, clott�ng fac-
tors cannot be act�vated and coagulapathy results 
lead�ng to uncontrollable haemorrhage and death.

Anti-coagulants

Ant�-coagulants are compounds commonly 
used to control rodents. These compounds �n�t�ate 
blood clots and damage capillary blood flow in the 
body. Some of these ant�-coagulants are warfar�n, 
bromod�olone and brod�facoum. They are used 
aga�nst rodents �n o�l palm plantat�ons. Bes�des 
these chem�cals, barn owls are the b�olog�cal agent 
for controll�ng rats.

Warfar�n �s odourless, tasteless and effect�ve 
�n very low doses, and �s used for controll�ng rats 
and m�ce around homes, an�mal and agr�cultural 
prem�ses, and commerc�al and �ndustr�al s�tes. War-
far�n does not act rap�dly and a marked reduct�on of 
rodent populat�on can be observed usually �n about 
a week after appl�cat�on. Once warfar�n �s taken by 
rodents, they cont�nue to consume �t unt�l the ant�-
clott�ng property of the compound produces death 
through �nternal haemorrhag�ng (EXTONET; The 
Pest�c�de Manual, 1991). 
 

Brod�facoum �s a second generat�on rodent�c�de 
of except�onal act�v�ty wh�ch �s effect�ve aga�nst ro-
dents that are res�stant to convent�onal ant�-coagu-
lants.  Death of the rodents occurs only after a s�ngle 
feed�ng. It �s so potent that, unl�ke other ant�-coagu-
lants, a rodent may absorb a lethal dose by tak�ng a 
50 mg kg-1 ba�t as part of �ts feed �ntake on only one 
occas�on (EXTONET; The Pest�c�de Manual, 1991). 

Bromod�alone prov�des excellent control for 
warfar�n-res�stant rodents w�th mortal�ty occurr�ng 
w�th�n 48 hr.  Its mode of act�on �s d�srupt�on of the 
normal blood clott�ng mechan�sm. It �s so effect�ve 
aga�nst rats and m�ce that a s�ngle dose of a 50 mg 
kg-1 ba�t can k�ll Rattus norvegicus and R. rattus from 
the fifth day.  Bromodiolone is used in the form of 
ready-to-use ba�ts and �s part�cularly palatable to 
rodents (EXTONET; The Pest�c�de Manual, 1991).

FUNGICIDES

Fung�c�des are used to destroy or �nh�b�t growth of 
fung�.  In the past, �nc�dences of pest�c�de po�son-
�ng occurred because of m�staken consumpt�on of 
seed gra�ns treated w�th fung�c�des such as organ�c 
mercury and hexachlorobenzene.  However, pest�-
c�de regulat�ons are already �n place today to ensure 
that fung�c�des control the d�sease w�thout �njur�ng 
the plant and leave no po�sonous res�due �n ed�ble 
crops.

Benomyl �s a system�c, benz�m�dazole fung�-
c�de that �s select�vely tox�c to m�croorgan�sms and 
to �nvertebrates. It has low acute tox�c�ty. However, 
benomyl may �rr�tate the sk�n of the workers ex-
posed to �t. It �s also read�ly absorbed by the body 
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through �nhalat�on of the dust but there are no re-
ports of tox�c effect on humans. Benomyl �s used 
aga�nst a w�de range of fungal d�seases and �s for-
mulated as wettable powder, dry flowable powder 
or d�spers�ble granules. It �s rap�dly degraded to 
carbendaz�m wh�ch has s�m�lar tox�colog�cal prop-
ert�es as benomyl. Benomyl decomposes when �n 
contact w�th water and mo�sture (EXTOXNET; The 
Pest�c�de Manual, 1991).  

Th�ram �s a d�methyl d�th�ocarbamate com-
pound used as a fung�c�de to prevent crop damage 
in the field and to protect harvested crops from de-
ter�orat�on �n storage or transport. Th�ram �s also 
used to protect seeds, fru�ts, vegetables, and orna-
mental and turf crops from a var�ety of fungal d�s-
eases. At h�gh dosage, th�ram �s used to repel b�rds, 
deer and rodents. The fung�c�de deter�orates on 
prolonged exposure to a�r, heat and mo�sture. The 
dry powder of the compound when �n contact w�th 
human sk�n can produce very sl�ght erythem�a (EX-
TOXNET; The Pest�c�de Manual, 1991).

Captan �s a non-system�c phthal�m�de fun-
g�c�de used to control d�seases of many fru�ts and 
ornamental and vegetable crops. It �s also used to 
spray root t�ps and for seed treatment to protect 
young plants aga�nst rot and damp�ng off. The fun-
gicide is also used to improve fruit finish by giving 
�t a healthy, br�ght coloured appearance. Tox�cology 
stud�es have not shown any tetragen�c, carc�nogen-
�c or mutagen�c effect (EXTOXNET; The Pest�c�de 
Manual, 1991).  

Hexaconazole belongs to the fam�ly of azole 
fung�c�des. It �s a system�c fung�c�de w�th protect�ve 
and curat�ve funct�ons. Th�s compound �s used to 
treat and control Ganoderma �n o�l palm. The mode 
of act�on �s through �nh�b�t�on of ergosterol b�osyn-
thes�s and thus, �t �s used for control of many fung� 
espec�ally ascomycetes and bas�d�ocetes. If hexaco-
nazole were �ngested, oral wash�ng w�th water and 
�nduced vom�t�ng must be effected w�th�n an hour 
of �ngest�on. Hexaconazole �s also a m�ld eye �rr�-
tant (EXTOXNET; The Pest�c�de Manual, 1991). 

PROCESSING	PALM	FRUITS	FOR	OIL

Palm fru�ts harvested from the trees are transported 
to the m�lls to be processed for crude palm o�l. The 
fru�ts are steam ster�l�zed to deact�vate the enzyme 
wh�ch causes hydrolys�s of the tr�glycer�des, for 
easy fru�t detachment from the bunch and to soften 
the fru�ts to fac�l�tate press�ng of the o�l out of the 
fru�ts. The crude o�l also undergoes water wash�ng 
before finally being dried and polished. The crude 
oil is then transported to the refinery for further 
processing to produce refined, bleached and deo-
dor�zed (RBD) palm o�l. 

One of the steps  �n the process�ng of the crude 
o�l to RBD palm o�l �nvolves water wash�ng and th�s 
w�ll remove most of the water soluble pest�c�des 
from the o�l and degrade some of the pest�c�des 
to smaller molecules wh�ch are eas�ly removed by 
steam (espec�ally �f these molecules are volat�le). 
Most of the herb�c�des used on o�l palm trees or �n 
the o�l palm plantat�on are very or moderately solu-
ble �n water. Table 9 shows the amounts of pest�c�des 
commonly used �n a plantat�on �n Malays�a. Based 
on th�s survey, the amount of herb�c�des used top 
the other pest�c�des.  Some of the �nsect�c�des used 
aga�nst pests of the o�l palm trees are also sl�ghtly 
water soluble.  Therefore, �t �s correct to assume that 
most of the pest�c�des are removed dur�ng process-
�ng of the palm fru�ts to RBD palm o�l.

ANALYSIS	OF	RESIDUE	IN	OIL

Pest�c�des play an �mportant role �n the well be�ng 
of food crops. However, the appl�cat�on of pest�-
c�des can result �n the r�sk of res�dues �n the food 
consumed. One of the food crops �s o�lseeds and o�l 
bear�ng fru�ts. In order to obta�n h�gh y�elds of the 
o�l, pest�c�des are appl�ed to protect the crop aga�nst 
�nsects, weeds, rodents, fung�, etc. O�l, be�ng a traded 
commod�ty, needs to be analysed for the res�dues of 
pest�c�des used. Table 10 summar�zes the analyt�cal 
methods developed �n MPOB for analys�ng var�ous 
pest�c�de res�dues �n o�l matr�x. Us�ng the methods 
developed �n MPOB, pest�c�des can be mon�tored �n 
palm o�l and �ts products. To date, based on more 
than 100 samples of palm o�l analysed, no res�due 
of the pest�c�des used �n o�l palm plantat�ons have 
been detected.  

REGULATORY

Mon�tor�ng the res�due level of pest�c�des �n palm 
o�l �s one of the reasons for develop�ng methods. 
Th�s �s �mportant because �t w�ll ensure that palm 
o�l �s free from chem�cal res�dues and �s safe for 
human consumpt�on. Another �mportant aspect of 
analys�ng the product �s to ensure that palm o�l can 
meet the pesticide residue regulatory requirements 
of �mport�ng countr�es. 

Palm o�l and �ts products have always been 
categor�zed as food or raw mater�als for food prod-
ucts. N�nety percent of palm o�l �s st�ll used for food 
purposes and therefore �s subject to the Food Regu-
lations of importing countries and the requirements 
d�ffer from country to country. These d�fferences 
can g�ve r�se to trade problems. In order to harmo-
nize the different requirements, CODEX Alimentar-
�us Comm�ss�on proposed that standards be set up 
to fac�l�tate trade and most countr�es are now fol-
low�ng these standards. One of the standards �s the  
MRL for pest�c�des used �n agr�cultural commod�-
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t�es by the CODEX Comm�ttee on Pest�c�de Res�due 
(CCPR). 

Accord�ng to CODEX (1998), pest�c�de �s de-
fined as any substance intended for preventing, 
destroy�ng, attract�ng, repell�ng or controll�ng any 
pest �nclud�ng unwanted spec�es of plants or an�-
mals dur�ng the product�on, storage, transport, d�s-
tr�but�on and process�ng of food, agr�cultural com-
mod�t�es or an�mal feeds, or wh�ch may be adm�n�s-
tered to an�mals for the control of ectoparas�tes. The 
term �ncludes substances �ntended for use as a plant 
growth regulator, defol�ant, des�ccant, fru�t th�nn�ng 
agent, or sprout�ng �nh�b�tor and substances appl�ed 
to crops e�ther before or after harvest to protect the 
commod�ty from deter�orat�on dur�ng storage and 
transport. The des�gnat�on normally excludes fer-
t�l�zers, plant and an�mal nutr�ents, food add�t�ves 
and animal drugs. Pesticide residue is any specified 
substance �n food, agr�cultural commod�t�es or an�-
mal feed result�ng from the use of a pest�c�de. The 
term �ncludes any der�vat�ves of pest�c�des, such as 
convers�on products, metabol�tes, react�on products 
and �mpur�t�es cons�dered to be of tox�colog�cal s�g-
nificance (CODEX, 1998).

TABLE 9.   AGROCHEMICAL USED IN AN OIL PALM PLANTATION IN MALAYSIA (1999-2020)

1999 2000 2005 2010 2020

O�l palm area (1000 ha) 2  742 2 874 3 192 3 518 4 251

   Herb�c�des (m�ll�on l�tres)

   Glyphosate 7.7 8.0 8.9 9.9 11.9

   Paraquat 4.8 5.0 5.6 6.1 7.4

   2,4-D am�ne 1.0 1.0 1.1 1.2 1.5

   Spray adjuvants 0.5 5.2 5.7 6.3 7.7

Rodent�c�des (t)

   Warfar�n 2.8 2.9 3.3 3.6 4.3

   Bromad�olone 0.5 0.5 0.6 0.7 0.8

Insect�c�des

   Cypermethr�n (1000 l�tres) 1 974 2 069 2 298 2 533 3 061

   Carbofuran 1 398 1 466 1 628 1 794 2 168

   S�me RB Pheromone (1000 sachets) 129 135 150 165 200

Fung�c�des (kg)

   Th�ram 4 524 4 742 5 267 5 805 7 014

   Benomyl 2 550 2 673 2 968 3 272 3 953

Source: S�me Darby forecasts.

What is MRL? CODEX defines MRL as the 
max�mum concentrat�on of pest�c�de res�due (ex-
pressed as mg kg-1) recommended by the CODEX 
Al�mentar�us Comm�ss�on to be legally perm�tted 
�n or on food commod�t�es and an�mal feed (CO-
DEX, 1998). It �s the pest�c�de res�due level �n food 
based on Good Agr�cultural Pract�ces (GAP). 

How are the MRL of crops establ�shed? In CO-
DEX, the process of setting MRLs requires adher-
ence to the follow�ng:

•  �ntended reg�stered use of pest�c�de follow�ng 
the pr�nc�ples of GAP;

•  superv�sed res�due tr�als accord�ng to the pr�nc�-
ples of GAP w�th pest�c�de appl�ed at the recom-
mended dose to address the pest problem;

•  tox�colog�cal evaluat�on: Acceptable Da�ly In-
take (ADI) for chron�c exposure and where nec-
essary, Acute Reference Dose (ARfD) for acute 
exposure;

•  est�mat�on of da�ly consumer �ntake (chron�c 
and, �f appl�cable, acute) us�ng representat�ve 
d�et data for average populat�on and ch�ldren; 
and
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for by the WTO. The Jo�nt FAO/WHO Meet�ng on 
Pest�c�de Res�due (JMPR), an �ndependent adv�so-
ry body to the CCPR, draws CODEX MRLs from 
proposals on pest�c�de res�dues. JMPR cons�sts of 
scientific experts responsible for the evaluation of 
pest�c�de res�due and tox�colog�cal data. However, 
the CODEX standards are now mostly only set for 
crops grown �n developed countr�es. To date, there 
are no CODEX standards for pest�c�des �n palm o�l 
and th�s warrants ongo�ng work to generate base-
l�ne data for the establ�shment of MRLs for CO-
DEX. MPOB has �n�t�ated superv�sed res�due tr�als 
to generate the data for establ�shment of MRLs for 
three pest�c�des. The data are be�ng collected, col-
lated and comp�led accord�ng to CODEX protocols.

Even though CODEX standards are generally 
accepted by every country, there are some standards 
wh�ch are st�ll not accepted at the reg�onal level and 
wh�ch have become non-tar�ff barr�ers (NTBs). Eve-
ry country has nat�onal MRLs wh�ch are based on 

•  sett�ng MRLs when ADI, ARfD are not exceed-
ed.

MRL �s determ�ned by conduct�ng superv�sed 
res�due tr�als us�ng the pest�c�de concerned on the 
specific crop to address the pest problem and in 
compl�ance w�th GAP. The crop �s harvested at the 
post-harvest �nterval and the res�due determ�ned. 
The res�due level may be the MRL �f the Theoret�-
cal Max�mum Da�ly Intake (TMDI) �s not exceeded. 
However �f the total res�due of th�s pest�c�de used 
on all crops exceed the TMDI, then the res�due l�m�t 
for the pest�c�de for each crop has to be reduced; 
thus GAP needs to be changed accord�ngly. TMDI 
�s a gross overest�mate, but �s a cheap screen�ng �n-
strument.

MRLs are ava�lable at the global, reg�onal and 
nat�onal level. At the global level, CODEX �s har-
mon�z�ng the MRLs of var�ous reg�ons and th�s �s 
the bas�s for settlement of trade d�sputes as allowed 

TABLE 10. METHODS USED TO ANALYSE PESTICIDE RESIDUES IN PALM OIL 
AND PALM OIL PRODUCTS

Pesticide
Amount of 

standard spiked 
in the oil matrix 

(mg kg-1)

Recovery 
of standard 

from oil 
matrix (%)

Methods of test/analysis Limit of 
detection

Paraquat 0.05 – 1.5 56 - 84 Column clean-up; 
spectrophotometr�c

0.01μg g-1

Glyphosate 0.01 – 1.00
0.01 – 1.00

75.3 – 95.5
73.5 – 84.5

Pre-column HPLC 
Post-column HPLC 

Column clean-up, HPLC 
fluorescence detector

0.02 μg g-1

Glufos�nate 
ammon�um

0.01 – 1.00 82 - 105 ASE clean-up, liquid 
chromatography-mass 

spectrometry (MS) - MS

5 μg g-1

Metsulfuron 
methyl

0.01 – 1.0 75 - 82 HPLC-DAD Ongo�ng

Metham�dophos

0.08 – 1.20 74 - 102
Gel permeat�on 

chromatography (GPC) 
clean-up, GC-FPD

4.0 μg kg-1

Monocrotophos

Acephate 5.0 μg kg-1

Chlorpyr�fos 0.04 – 0.10 88 - 100 Liquid extraction GC-μ-ECD 0.005 μg g-1

Deltamethr�n 0.02 – 1.0 73.5 - 97 GPC clean-up, GC-μ-ECD 0.023 μg kg-1

Organochlor�nes 0.1 – 1.0 55 - 107 GC -ECD 0.003-0.1 μg 
ml-1

Hexaconazole 0.2 – 1.0 50 – 70 Poss�bly GPC/SPE; GC-ECD 0:2 μg g-1

Sources: A�n�e et al. (2005a,b,c); A�n�e and Tan (2005); Hal�mah et al. (2005a,b); Pest�c�de Analyt�cal Manual (1967); Yeoh et 
al. (2005); Yeoh and A�n�e (2005a,b).
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the GAP of the country. However, MRLs can vary 
from country to country due to cl�mat�c d�fferences, 
agr�cultural pract�ces and the methodolog�es ap-
pl�ed �n sett�ng the l�m�ts. The d�fferences can cause 
trade barr�ers or problems lead�ng to trade d�ffer-
ences even among countr�es w�th�n the same reg�on. 
Hence, ASEAN reg�onal efforts are be�ng made to 
harmon�ze the pest�c�de MRLs w�th the object�ve of 
fac�l�tat�ng �ntra-ASEAN trade as well as to protect 
consumers’ health.  

In Malays�a, nat�onal MRLs are documented 
�n the Food Act 1983 (Act 281) and Regulat�ons (as 
at 25th June 2004) (Food Act 1983 and Regulat�ons, 
2005a,b). All the agrochem�cals reg�stered for us-
age �n the agr�cultural sector can be found under 
Regulat�on 41 of Schedule S�xteenth. In th�s sched-
ule, 31 compounds are reg�stered for use �n o�l palm 
plantat�ons to address pest problems. Table 8 �s a l�st 
of agrochem�cals approved by the Pest�c�de Board 
for use on o�l palm trees and th�s l�st can be found 
�n Schedule S�xteen of the Pest�c�de Act 1985 and 
Regulat�ons. The nat�onal MRLs are based on data 
subm�tted by the company wh�ch produces the pes-
t�c�de. The data are based on the results from two 
superv�sed res�due tr�als us�ng the recommended 
dosage and double recommended dosage. The 
data are evaluated by a scientific working group to 
der�ve MRLs wh�ch are not detr�mental to human 
health. 

CONCLUSION

The o�l palm �ndustry �n Malays�a pract�ses IPM 
where there �s a balance between chem�cal pest�c�de 
appl�cat�on and b�ocontrol. Th�s pract�ce �s target 
or�ented and IPM procedures developed accord-
�ngly to address them. W�th the �mplementat�on of 
IPM, the chem�cals used are select�ve, of low tox�c�ty 
and used judiciously. Under IPM, beneficial plants, 
paras�to�ds/predators are establ�shed for long-term 
control of the targeted pests.

All the appl�cat�on of chem�cals on o�l palm �n 
plantat�ons �s accord�ng to the label �nstruct�ons 
and the harvest�ng accord�ng to GAP. A standard 
on the GAP for o�l palms has been drafted by the 
Department of Standards and �s awa�t�ng publ�c 
comment. MPOB w�ll cont�nuously develop meth-
ods for determ�nat�on of res�due of pest�c�des used 
by the o�l palm �ndustry. The o�ls der�ved from the 
fru�t �s mon�tored regularly to ensure that �t �s safe 
for human consumpt�on. In l�ne w�th food safety, 
MPOB w�ll also develop MRLs for pest�c�des used 
�n o�l palm plantat�ons.
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