
365

Journal of Oil Palm Research Vol. 35 (2) June 2023 p. 365-375
DOI: https://doi.org/10.21894/jopr.2022.0044

1	 Barn Owls and Rodent Research Group (BORG),
	 School of Biological Sciences,
	 Universiti Sains Malaysia,
	 11800 Minden, Penang, Malaysia.

2	 Plant Protection Department,
	 Faculty of Agriculture,
	 Universiti Putra Malaysia,
	 43400 Serdang, Selangor, Malaysia.

3	 Vector Control Research Unit (VCRU),
	 School of Biological Sciences,
	 Universiti Sains Malaysia,
	 11800 Minden, Penang, Malaysia.

*	 Corresponding author e-mail: hasbersalim@usm.my

FIELD EFFICACY OF ANTICOAGULANT 
RODENTICIDES AGAINST RAT INFESTATION 

IN OIL PALM PLANTATION

ARIFF ATEED MOHD NOH1; MUHAMMAD SYAFIQ MOHD ZALUDIN1; WAN MOHD HAFEZUL WAN 
ABDUL GHANI2; ABU HASSAN AHMAD1 and HASBER SALIM1,3*

ABSTRACT
Field efficacy of anticoagulant rodenticides against rat infestation in oil palm plantation was carried out in 
a comparative study between five rodenticide baits. They were first-generation anticoagulant rodenticide 
baits, coumatetralyl, chlorophacinone and warfarin, and second-generation anticoagulant rodenticide baits, 
flocoumafen and brodifacoum. A control plot was left untreated for comparison purposes. In general, all 
treatments were effective to reduce the fresh rat damage on oil palm fresh fruit bunch (FFB) below the threshold 
level (5.0%) except for warfarin bait treatment. In the final round of baiting (5th round), the flocoumafen 
bait recorded the lowest fresh rat damage on FFB at 1.54 ± 0.14%. Coumatetralyl, chlorophacinone and 
brodifacoum recorded 2.95 ± 0.73%, 2.42 ± 0.57% and 4.30 ± 0.53% of fresh rat damage on FFB at the 
end of the study. The least effective was warfarin treatment which recorded 5.40 ± 0.18% in the final round 
of baiting. Only flocoumafen, coumatetralyl and chlorophacinone baits recorded more than 70.00% of rat 
damage reduction throughout the study as compared to pre-treatment. The brodifacoum treatment recorded 
rat damage reduction up to 58.70% and warfarin treatment was in the range of 13.58%-33.62%. All the 
rodenticide treatments managed to reduce the relative abundance of the estimated rat population in the field 
at the end of the study, except in the control plot.
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INTRODUCTION

Rats have been considered an agricultural problem 
in Malaysia for many years, particularly in relation 
to oil palm cultivations (Chung, 2012; Turner and 
Gillbanks, 2003; Wood, 2001). The three main rodent 

pests in Peninsular Malaysia, namely, Malayan 
wood rat (Rattus tiomanicus), rice-field rat (Rattus 
argentiventer) and Malaysian house rat (Rattus rattus 
diardii) have been reported as important rodent 
pests in oil palm plantations (Hafidzi and Saayon, 
2001). Rat activities in mature oil palm plantations 
can cause crop damage on palm fruit bunch ranging 
from 8%-20% (Abidin et al., 2021). Damage by rats 
on oil palm is inflicted throughout the growth 
of the palm regardless of age, leading to losses of 
seedlings through the attack in nurseries, damage 
to inflorescences and both ripe and unripe fruits, 
causing substantial oil yield losses up to 10% in 
oil palm plantations (Wood, 2001). Several control 
measures have been practised for controlling rats 
such as cultural, mechanical, biological and chemical 
control with varying degrees of effectiveness 
(Chung, 2012; Khoo et al., 1982).

Chemical control by using anticoagulant 
rodenticides (ARs) has become the main control 
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measure of rat populations in oil palm plantations 
as it is effective to reduce pest numbers in such a 
short time and is also more practical to handle in the 
field (Chung, 2012; Wood and Chung, 2003). ARs 
can be grouped into two classes; first-generation 
anticoagulant rodenticides (FGAR) and second-
generation anticoagulant rodenticides (SGAR), 
based on the number of doses to cause death to 
target animals (Valchev et al., 2008). SGARs were 
developed and used following the increasingly 
widespread development of resistance amongst 
rodents to FGARs, in particular warfarin (Berny, 
2011; Cowan et al., 1995; Erickson and Urban, 2004).

Regardless of their classification, ARs interfere 
with vitamin K in the production of clotting 
factors in the liver, disrupt normal blood-clotting 
mechanisms and induce capillary damage (Rattner 
et al., 2014; Valchev et al., 2008). Death results from 
haemorrhage and exposed animals may exhibit 
increasing weakness prior to death. Rodents 
typically die five to 10 days after ingesting a lethal 
dose of ARs (Erickson and Urban, 2004). Both 
groups of ARs have different levels of toxicity 
against animals. SGARs are much more acutely toxic 
than FGARs; SGARs require only a single feeding 
to reach the lethal dosage to the target animals 
(Fisher, 2005; Pitt et al., 2010). Meanwhile, FGARs 
need to be consumed multiple times by animals 
such as rats to reach the lethal dosage (Fisher, 2005). 
The most commonly used and registered FGARs 
in oil palm plantations in Malaysia are warfarin, 
chlorophacinone and coumatetralyl, while SGARs 
include brodifacoum and flocoumafen. Depending 
on the toxicity, the active ingredient for SGARs 
ranges from 0.005% to 0.050%, and from 0.025% to 
0.050% for FGARs (DOA, 2021). Cereal-based baits 
are the most widely used formulation in oil palm 
plantations and the baits are available as wax block 
baits due to their durability in the tropical condition 
of Malaysian oil palm plantations (Chung, 2012). 

Six-monthly baiting campaigns or two 
campaigns per year routine are commonly practised 
by oil palm plantations to deal with rat infestation. 
In each campaign, two to five rounds of baiting 
are carried out depending on the threshold level 
(below 5%) of fresh rat damage on oil palm fresh 
fruit bunch (FFB). FGAR baits are usually replaced 
at three to four days intervals while SGAR baits, 
which are more lethal, are replaced at seven to 
eight days intervals (Sime Darby Plantation, 2010). 
Nowadays, the application of AR bait is a routine 
activity in controlling rat populations in oil palm 
plantations (Chung, 2012; Turner and Gillbanks, 
2003). However, the application and continued use 
of this chemical control for a long period have raised 
concerns about the development of resistance in rats 
in oil palm plantations. For commensal rat species 
such as Norway rat (Rattus norvegicus) and Roof rat 
(Rattus rattus) development of  warfarin resistance 

has been well documented and reportedly caused 
ineffective management of the rat population in the 
field (Buckle and Smith, 2015). The only available 
report of the development of resistance in Malaysian 
oil palm was reported in the 1980s against FGAR, 
warfarin in three different localities (Klang, Teluk 
Intan, Renggam, Malaysia) and SGARs such as 
brodifacoum and flocoumafen, which are more toxic 
than FGARs, were used and reportedly effective 
against warfarin-resistant rats (Wood and Chung, 
1990). Besides this relatively old report, the field 
efficacy and resistance status of ARs in oil palm 
plantations in controlling rat infestation are scarce 
and have not been well documented. Thus, the main 
objective of this study is the evaluation of the field 
efficacy of selected ARs against rat infestation in oil 
palm plantations through key parameters such as 
fresh fruit damages and relative abundance of rats 
to determine the efficacy of different treatments 
against the target pest.

MATERIALS AND METHODS

Study Sites and Experimental Design

The study was carried out in an oil palm 
plantation in Besout, Sungkai, Perak, Malaysia from 
15 September 2017 until 14 June 2018. The plantation 
is located at 03.48˚N, 100.17˚E. The total area of the 
plantation is 1000.10 ha, and the age of the palm 
ranges from six to 12 years old after planting. A 
single campaign of rat baiting using FGARs either 
warfarin, chlorophacinone or coumatetralyl was 
annually carried out to control rat pest populations 
at the plantation. The usual baiting campaign was 
last carried out about one year before the start of this 
study. 

A total of five AR baits were used in this 
study. The first three treatments were FGAR baits 
consisting of coumatetralyl, chlorophacinone and 
warfarin. Two types of SGAR baits, i.e., brodifacoum 
and flocoumafen were also tested. Field efficacy of 
each treatment was conducted in 3 ha study areas 
and was replicated three times in a randomised 
complete block design (RCBD). A control plot that 
was not treated with any rodenticide was also 
included for comparison purposes. The total plot 
area of the study site for all the treatments in the 
plantation was 54 ha. The distance between each 
study plot was at least 2 km apart since the home 
range of the rodent pest is about 1 km (Buckle et 
al., 1997; Oyedele et al., 2015; Pryde et al, 2005). The 
sites were sufficiently far apart to prevent rats from 
migrating across different plots. The experimental 
layout description of all treatments is summarised 
in Figure 1.

The replacement round baiting technique, 
which is the standard baiting technique where 
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replacement of the baits takes place after every round 
of baiting according to the replacement interval, 
was adopted as the method of bait application. 
Replacement of the bait only took place when the 
bait was missing, spoilt (e.g., fungus, disfigured, 
attacked by insects, etc.) or 50% of the baits were 
consumed, which was evaluated by the observer. 
The bait replacement was an important step to 
maintain the bait quality throughout the study. For 
FGAR treatments, the bait replacement interval 
was set at four days while SGAR treatments were 
at seven days. All the baiting programs were set up 
for five rounds of baiting. It took 20 days for FGAR 
and 35 days for SGAR treatments to complete five 
rounds of baiting. All the rodenticide baits were 
applied one bait per palm on the ground near the 
oil palm weeding circle, which is approximately 1 
m away from the palm base, as typically practised 
by plantations.  The details of treatments rounds 
and replacement rounds of rodenticide baits are 
summarised in Table 1.

TABLE 1. DETAILS OF ROUND AND REPLACEMENT OF RODENTICIDE TREATMENTS

Treatment ID Treatments Bait weight (g)
*Average total 
bait used (g)

Total 
replacement 

round

Replacement 
interval (day)

Active 
ingredient 

(%)

T1 Coumatetralyl 5.0 6 897 5 4 0.0375

T2 Brodifacoum 10.0 14 623 5 7 0.0050

T3 Chlorophacinone 12.5 23 592 5 4 0.0050

T4 Flocoumafen 4.0 8 833 5 7 0.0050

T5 Warfarin 10.0 16 297 5 4 0.0500

T6 Control - - - - -

Note: *Average total bait used from pre to final round of baiting per replicate.

Rat Damages on Fruit Bunch

Pre-treatment assessment on FFB was carried 
out in order to determine the rat damage incidence 
in each plot prior to the baiting program. Post-
treatment assessment was carried out following the 
round and interval of each rodenticide application. 
The assessment was conducted prior to the routine 
of harvesting by the plantation operator. A total 
of 100 palms (10 x 10 rows of fixed palms) were 
systematically selected in the centre of each plot (a 
total of 300 palms were selected for each treatment). 
A fresh rat damage score was used to quantify 
and compare the severity of damage between 
plots (Buckle, 2015). The scoring assessment 
was conducted and calculated at the end of each 
replacement round, before baiting application of 
the consequent round commenced. Only fresh 
damage was included in the quantification while 
old damages were excluded from the assessment. 

Figure 1. Experimental layout of first replicate for all treatments.
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Fresh damages were identified by the condition 
where the wound is moist and has a bright 
colour while the old damaged wound is dry and 
discoloured. The severity of the rat damages was 
determined according to the presence of rat damage 
on unripe and ripe oil palm fruits on the trees 
during the sampling. The final fresh damage score 
was calculated using Buckle (1994) in Equation (1) 
as follows: 

Fresh 
damage 

score
 = (1xa) + (2xb) + (3xc)

3 N
 x 100%	 (1)

where a = No. of the bunch with light damage 
(1-3 damaged fruit/bunch)

b = No. of the bunch with medium 
damage (4-6 damage fruit/bunch)

c = No. of the bunch with heavy 
damage (>6 damaged fruit/bunch)

N = Total number of bunches assessed

To determine the impact of a particular treatment, 
the percentage reduction of fresh rat damage after 
each replacement baiting round was calculated as 
follows Equation (2):

Reduction 
of fresh 
damage

 = 

Pre-treatment fresh 
damage - Current fresh 

damage
Pre-treatment fresh 

damage

 x 100%	 (2)

Estimated Rat Population (Relative abundance)

Rat populations were estimated in pre- and post-
treatment to measure the impact of the treatments 
on rat populations in each plot. Rat populations 
were assessed using the relative abundance of the 
trapping success. A total of 100 standard commercial 
live traps measuring 28 cm (length) x 13 cm (width) 
x 13 cm (height) were used.  The live traps were set 
up in each treatment plot at 50 points at 50 selected 
palms (5 x 10 palms) in the middle of the plots 
following a grid-based configuration where the 
distance between each trap point was the same as 
the distance between palm trees at approximately 
9 m (9 x 9 m). Two traps were placed at each point 
with a loose ripe palm fruit used as bait. Both 
traps were placed on the weeding circle, and the 
distance between each trap was approximately 
2 m. The trapping program was carried out for four 
consecutive nights. To maintain the quantity of the 
baits, the replacement of absent bait in any trap 
was conducted every day. Meanwhile, to maintain 
the quality of the bait throughout the four nights of 
trapping, the old bait in every trap was replaced with 

fresh bait during the second night of the trapping 
program. All traps were checked for captures  daily 
from 8.00 am to 10.30 am until the last day of the 
trapping. Rats caught were recorded, marked, and 
subsequently released near the trapping point. 
Identification of caught rats was conducted based 
on physical features such as the size of the rat’s 
body, size of the hindfoot, colour of fur and belly as 
stated by Francis (2008); Harrison (1974) and Payne 
et al. (1985). After trapping sessions were completed, 
the traps were removed from the trapping site. 
Trapping sessions were conducted twice during the 
study; once during pre-treatment and once post-
treatment. Once trapping sessions were completed 
for the pre-treatment assessment, there was a lag 
period of seven days without the interference of 
any experiment on the trapping site to prevent 
the development of neophobic behaviour among 
the rats during the baiting program. The relative 
abundance or trapping success of rats (Puan et al., 
2011) before and after the treatment was calculated 
using the following Equation (3):

*Trap success 
(relative 

abundance) 
 = 

Number of individual 
rats captured

(2 x Number of trap 
points) x Number of 

trap nights

	 (3)

Statistical Analysis

Prior to analysis, data were tested for normality 
using the Shapiro-Wilk test. One-way ANOVA was 
performed to detect any statistical significance in 
fresh rat damage and the percentage of damage 
reduction between the treatments at each round of 
baiting. When there was a statistically significant 
difference, post hoc analysis, the Tukey’s test 
was performed. Additionally, an independent 
sample t-test was used to analyse for a significant 
difference in relative abundance of rat population 
between treatment plots. All statistical analysis was 
conducted using the statistical package for social 
sciences (SPSS) for windows version 26.0 (IBM 
Corp., 2019).

RESULTS

Fresh Rat Damage on FFB

The results of average fresh rat damage per 
round of baiting on FFB at all treatments are shown 
in Figure 2. All treatments were effective and able 
to reduce fresh rat damage on oil palm FFB below 
the threshold level (5%) after three rounds of baiting 
except for warfarin bait (5.60 ± 0.29%) and control 
plot (7.42 ± 1.21%). At this stage, the result of all 
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treatments except warfarin bait and control had 
fallen below the threshold level in the range of 1% 
to 4%. Warfarin bait treatment score in fresh rat 
damages remained above the threshold level even 
after three rounds of baiting while the control plot 
scored the highest fresh rat damages at this stage 
compared to other treatments. According to one-
way ANOVA analysis, at this stage, there was a 
significant difference (F5, 12 = 6.91, P = 0.00) between 
treatments and the control plot. At the final round 
of baiting (5th round), flocoumafen bait recorded 
the lowest fresh rat damage compared to other 
treatments at 1.54 ± 0.14%. Apart from flocoumafen 
bait, chlorophacinone and coumatetralyl baits 
recorded close results at 2.42 ± 0.57% and 2.95 ± 
0.73%, respectively. Meanwhile, brodifacoum bait 
recorded fresh rat damage at 4.30 ± 0.53% at the end 
of the study. There was a significant difference (F5, 12= 
11.29, P= 0.00) detected in all treatments as compared 
to warfarin and control. Warfarin bait treatment 
produced poor control towards fresh rat damage 
and failed to reduce the fresh rat damage on FFB 
below the threshold level (5.4 ± 0.18%) even after 
five rounds of a rodenticide application. Meanwhile, 
the control plot showed a fluctuating trend of 
fresh rat damages in the range of 5.05%-7.54% 
throughout the study. The highest fresh rat damage 
in the control plot was recorded in the last round of 
baiting at 7.54 ± 1.17%, which was higher than fresh 
rat damage recorded in pre-treatment (7.24 ± 1.05%) 
and this indicated the rat activities increased at 
the site.

Percentage of Rat Damage Reduction

The results of the percentage reduction of fresh 
rat damages at pre-application and post-application 

of rodenticides are shown in Figure 3. There was no 
significant difference (F5, 12= 0.99, P = 0.47) indicated 
by one-way ANOVA of the percentage reduction of 
fresh rat damage in the first rounds of baiting. There 
was also no significant difference (F5, 12= 1.70, P= 0.21) 
in the second round of baiting. As early as the third 
round of baiting, flocoumafen and chlorophacinone 
baits recorded more than 70% reduction, indicating 
the high efficacy of both treatments. The flocoumafen 
bait treatment maintained more than 70% damage 
reduction at 75.22 ± 2.72% until the last round at  
79.00 ± 3.88% reduction from pre-treatment 
damages while chlorophacinone bait treatment 
maintained more than 70% reduction from the 
third (73.73 ± 10.19%) to the fourth round of baiting 
(73.75 ± 6.06%) and later slightly reduced to 64.46 ± 
13.35%. Coumatetralyl bait treatment reached 70% 
damage reductions in the last round of baiting at 
71.08 ± 5.73%. Brodifacoum bait treatment recorded 
2.76 ± 15.53% of fresh rat damage reduction 
throughout the study. At this stage, a significant 
difference (F5, 12 = 20.12, P = 0.00) among all the 
rodenticide treatments was detected as flocoumafen, 
chlorophacinone and coumatetralyl baits recorded a 
significantly higher reduction of fresh rat damages 
compared to warfarin bait and control plot. 
Warfarin bait treatment recorded poor results with 
the reduction ranging from 13.58% to 33.78%. The 
control recorded fluctuating trend of damage, with 
reductions up to 28.88 ± 5.17% in the first round of 
baiting and the reduction dropped to -5.90 ± 12.64% 
in the last round of baiting, indicating an increase 
in rat activities since there were no rodenticides 
applied in the plot. At the final round of baiting, 
the impact of flocoumafen, coumatetralyl and 
chlorophacinone baits was also significantly different  
(F5, 12 = 8.39, P = 0.00) compared to control plots. 

Figure 2. Fresh damages on oil palm fruit bunches in pre- and post-treatments where means in column with different letters are statistically 
significant different (p<0.05) by Tukey’s test.
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Relative Abundance

The results of the estimated rat abundance 
in this study are shown in Figure 4. Based on the 
trapping results, all treatments recorded reduced 
rat populations except for the control plot. The 
post-trapping results show there was a reduction 
in the relative abundance of rats captured in the 
treated plots. The difference in reduction of relative 
abundance in pre- and post-treatments ranged from 
0.02 to 0.05 rats per trapping. Flocoumafen bait 
recorded the highest relative abundance reduction 
up to 0.05 rats per trapping. The treatment was 
able to reduce the relative abundance of rats from  
0.07 ± 0.03 (pre-treatment) to 0.02 ± 0.01 rats per 
trapping (post-treatment). The reduction of relative 
abundance of rat population by chlorophacinone 
(reduced from 0.07 ± 0.03 to 0.03 ± 0.01 per trapping) 
and coumatetralyl (reduced from 0.08 ± 0.03 to 
0.04 ± 0.01 per trapping) bait treatments where 
both treatments recorded a reduction of 0.04 rats 
per trapping, indicated the high efficacy of both 
rodenticides to reduce rat population in the study 
site. 

Similarly, warfarin bait scored a similar 
reduction of relative abundance as chlorophacinone 
and coumatetralyl treatment baits. The treatment 
effectively reduced the relative abundance of the 
rat population by 0.04 rats per trapping, which was 
a drop in the relative abundances recorded during 
pre-treatment from 0.14 ± 0.03 rats per trapping 
to 0.09 ± 0.02 rats per trapping. Brodifacoum bait 
treatment recorded the least reduction compared 
to other treatments. The relative abundance of 
the rat population recorded during pre-treatment 
in the brodifacoum bait treatment plot was  
0.09 ± 0.03 rats per trapping and dropped by 0.02 
to score 0.07 relative abundance at the end of the 
study. The control plots showed no reduction 
and instead recorded an increment by +0.04 of 
relative abundance from 0.08 ± 0.03 to 0.12 ± 0.03 
rats per trapping, indicating the rat population 
in the control plot increased. According to 
independent sample T-test analysis, there was 
no significant difference (p>0.05) in the relative 
abundance of rats recorded between pre and post-
trapping in all the rodenticide bait and control  
plots. 

Figure 4. Relative abundance of R. tiomanicus populations.
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DISCUSSION

In general, all rodenticide baits in this study were 
effective in reducing the fresh rat damage in the 
study sites. The high efficacy of flocoumafen bait has 
generally been reported in several previous research 
against many species of rat pests. Flocoumafen has 
recorded almost complete control against mice in 
the field (European Commission, 2009; Rowe et al., 
1985) and Norway rats, R. norvegicus (Buckle, 1986; 
European Commission, 2009) from trials conducted 
in infested farm buildings. A similar result was 
reported by Woo (1987), who reported high efficacy 
of flocoumafen wax block bait in controlling the rat 
population in oil palm plantations. In a laboratory 
no-choice feeding trial, Parshad (1988) reported 
flocoumafen (0.005% a.i) recorded 100% mortality 
against the Indian bush rat, Golunda ellioti, the 
Indian gerbil, Tatera indica and the Soft-furred field 
rat, Rattus meltada. Similarly, Srivinas et al. (2019) 
reported that flocoumafen (0.005% a.i) recorded 
100% mortality of Lesser bandicoot rat, Bandicota 
bengalensis in choice and no-choice feeding. 
Flocoumafen bait also recorded high efficacy on 
wild warfarin-resistant mice, Mus domesticus (Gill, 
1992; Johnson, 1988) and wild warfarin-resistant 
R. norvegicus (Gill, 1992). 

Brodifacoum is a SGAR and one of the most 
potent of ARs (Pitt et al., 2010; Prescott et al., 2007). 
However, in the current study, brodifacoum bait 
was less effective compared to flocoumafen bait 
and other FGARs tested in the study. The current 
result contrasts with previous findings by Chia and 
Visvalingam (1990) who reported high efficacy of 
brodifacoum wax block bait against rat population 
in oil palm plantations. However, to the best of our 
knowledge, there has been no recent published 
report on the efficacy of brodifacoum baits 
against specific rat species in oil palm plantations. 
Unpalatable and poor bait formulation could be 
a possible factor for the relatively lower efficacy 
of brodifacoum bait used in the current study 
(Whisson, 1996). In contrast, several published 
data present a high degree of field efficacy of 
different formulations of brodifacoum baits 
against commensal rodents, both in susceptible 
and warfarin resistant populations (Blazic et al., 
2018; Buckle et al., 2012). A recent field study by 
Frankova et al. (2019) reported the highly palatable 
bait of a low dose of brodifacoum (0.0025%) showed 
95.7% and 99.8% efficacy against house mice, Mus 
musculus from an agriculture building in Prague, 
Czech Republic. Unpalatable bait formulation 
would cause ineffective results due to little or 
no consumption of the applied bait in the field 
(Cowan et al., 1995). The repercussion of poor  
bait formulation would also be a misunderstanding 
that the treatment might experience resistance 
issues, as stated by Quy et al. (1992) regarding 

the resistance of brodifacoum in an earlier report 
by Greaves et al. (1982) in Hamsphire, United 
Kingdom area was premature due to the possibility 
of poor bait consumption. Naturally, rats prefer 
high-quality foods and do not favour less attractive 
food items (Syahputri and Priyambodo, 2020; 
Whisson, 1996). The result of the poor formulation 
of bait will lead to poor acceptance by rats in the 
field. Similarly, Johnson and Collier (2001) stated 
that in the situation where a more palatable diet is 
present, the rats tend to choose the more palatable 
diet and consume less 
of the least palatable diet. Rodriguez et al. (2006) 
stated that the reason for the low efficacy of rat 
control is probably due to the low palatability of bait 
used and the seasonal availability of rat’s normal 
food in the field which reduce the consumption 
of bait by the target pest. According to Brown and 
Singleton (1998), brodifacoum was effective to 
control the population of M. domesticus in Southern 
Australia. High palatable brodifacoum bait at 1 kg 
ha–1and 2 kg ha–1 applied aerially recorded reduction 
of mice population up to 99% after seven days of 
treatment application.

In addition, the current study reported the high 
efficacy of two FGAR baits, namely coumatetralyl 
and chlorophacinone, to control rat infestation 
in the field study. Both compounds were able to 
reduce fresh fruit damage on FFB as early as the 
first and third rounds of rat baiting. A field study 
conducted by Ocampo and Lontoc (2016) showed 
that coumatetralyl bait (0.0375% a.i) was highly 
effective in reducing R. tanezumi activities in rice 
fields based on the percentage of the damaged tiller 
of paddy at harvest in the Philippines. A significant 
reduction in rat activities based on tracking or 
feeding census was also noted. Coddou et al. (2014) 
reported the baiting program of coumatetralyl 
bait had a mean efficacy of 76.5% against rat 
populations in Christmas Island, Australia. A 
more recent study carried out by Shahwar (2017) 
reported that coumatetralyl (0.0375% a.i) produced 
excellent control of up to 82.0% of rodent activity in 
a poultry farm in Rawalpindi-Islamabad, Pakistan. 
Laboratory testing by Chopra and Parshad (1985) 
recorded 100.0% mortality of coumatetralyl treated 
B. bengalensis (n=10) and R. rattus (n=10) after 
single and 10-day feeding testing. Additionally, 
Kowalski et al. (2006) demonstrated high efficacy of 
chlorophacinone against California ground squirrel 
(Spermophilus beecheyi) up to 94.2%. Similarly, Salmon 
et al. (2007) showed that chlorophacinone effectively 
controlled California ground squirrel (S. beecheyi) by 
more than 80.0% in cattle-grazed rangeland areas 
in Sierra Nevada foothills and Monterey County, 
California. The laboratory study by Marsh et al. 
(1977) reported that 0.005% of chlorophacinone was 
able to achieve complete control against deer mice, 
Peromyscus maniculatus in four days of free choice 
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feeding test. A comparative study by Mathur and 
Prakash (1984) showed high efficacy of up to 90.5% 
of brodifacoum, 83.2% of chlorophacinone and 
81.1% of coumatetralyl against desert rodents near 
Bikaner, Rajasthan, India.

The poor result of warfarin bait treatment 
aligned with past literature which reported that 
the poor efficacy of the compound that contributed 
to poor control in the field was largely due to 
resistance (e.g., Wood and Chung, 1990; Wood and 
Liau, 1977). Warfarin resistance of major rat species 
of oil palm plantation, R. tiomanicus was reported 
six to seven years after systematic rodent control 
was introduced in Malaysia (Wood and Liau, 1977). 
Wood and Chung (1990) reported high resistance 
of warfarin against R. tiomanicus in Kluang, Johor. 
The authors reported that two baiting campaigns 
using warfarin conducted in March-May 1983 and 
November 1984-January 1985 failed to completely 
control damage even after 13 and 16 rounds of 
baiting were conducted. The conclusion was also 
supported by an increase in the number of rats 
trapped during post trapping sessions in both 
campaigns. A laboratory study by Lam et al. (1982) 
reported that five out of 14 samples of R. rattus 
diardii that were captured from a cocoa plantation in 
Kuala Bernam Estate, Teluk Anson (now known as 
Teluk Intan), Perak showed high tolerance to 0.025% 
warfarin in six days exposure in a no-choice feeding 
test. Despite the historically poor performance 
against the rats, warfarin is still in production as it is 
still reliable to control the rats in certain plantation 
areas where barn owl conservation is practised, 
and also the compound provides additional 
alternatives to existing FGARs in the market such as 
chlorophacinone and coumatetralyl.

There are no other reports of warfarin-resistant 
rats in oil palm, however, there are vast reports on 
the emergence of warfarin resistance in other species 
of commensal rats all over the world. The first 
incidence of warfarin resistance in the commensal 
rat of house rats, R. rattus and Norway rats, 
R. norvegicus was reported in the late 1950s (Lasseur 
et al., 2005) and later house mice, M. musculus (Pelz et 
al., 2005). The majority of warfarin resistance reports 
were made in Europe (Buckle, 2013; Kohn et al., 
2000), however, the issue was also raised in North 
America (USA, Canada), Asia (Japan, China) and 
Australia (Marquez et al., 2019). A field study by Pelz 
and Klemann (2004) reported warfarin resistance 
of live-trapped rats up to 89% in dairy cattle 
and pig fattening farms in North-West Germany 
through a blood clot resistance (BCR) test. Warfarin 
resistance of buff-breasted rat, Rattus flavipectus was 
documented in Zhanjiang in Guandong, China by 
Huang et al. (2010). The researchers reported that 
four of 36 samples of rats fed with 0.005% warfarin 
in a nine-day no-choice feeding survived. Further 
mutation screening analysis via DNA sequencing 

showed that three of four surviving R. flavicpectus 
carried Tyr139Cys mutation, which is a mutation 
of the VKORC1 gene. The mutation of the gene 
was reported to be responsible for anticoagulant 
resistance in many species of rodents across Europe 
(Pelz et al., 2005; Rost et al., 2005). 

CONCLUSION

All ARs used in the study, except warfarin, were 
effective in controlling rat damage in the study site 
by reducing damage on oil palm bunches below the 
threshold level of 5%. All treatments also recorded 
a reduction in rat abundance at the sites (except for 
the control plot). The relatively low effectiveness 
of warfarin bait was suspected to be due to the 
resistance development of the rat populations 
towards the compound that has been used for a long 
period in oil palm plantations. Thus, further studies 
are needed to confirm the presence of AR-resistant, 
especially warfarin-resistant, rats in oil palm 
plantations in Malaysia to ensure more effective and 
efficient rat management.
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