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Abstract. Weeds in oil palm plantations include any plant or vegetation that in any way 
interferes with the production of palms, resulting in a reduction in yield or quality. Alocasia sp. 
(wild yam) is a common weed at oil palm plantation in Borneo, Malaysia. This study was 
conducted to evaluate commercial herbicides' effectiveness (amine, ally, glyphosate, and 
paraquat) against Alocasia sarawakensis, Alocasia robusta, and A. macrorrhizos. Cocktail 
herbicide showed faster wilting, scorching and rotten and least/late regeneration within 30 days 
of monitoring. Combination of two chemicals reacted better and potentially long-lasting, and 
further observation can provide info on the difference between (systemic+contact), 
(contact+contact) and (systemic+systemic). Cost-effectiveness analysis showed herbicides 
cocktails Treatment 9 (amine + ally + surfactant), Treatment 11 (amine + paraquat + 
surfactant), and Treatment 12 (ally + paraquat + surfactant) were the  most cost-effective 
(±RM0.58 cent/16 L) to control Alocasia sp. This study's finding would give an alternative 
solution for oil palm plantation to control weed, especially Alocasia sp.  

1.  Introduction 
The Alocasia sp. (wild yam) is widely seen as a non-creeper broadleaf weeds at oil palm plantation in 
Borneo, Malaysia. They grow rapidly and compete with oil palm for many vital nutrients in the soil. 
They compete with immature to young oil palm plants (3-4 years old) and, if left untreated, may grow 
up to two metre in height [1]. Previous studies have highlighted that there is apparent nutrient demand 
between wild yam including Alocasia sarawakensis, Alocasia robusta, and Alocasia macrorrhizos and 
oil palm [2]. The special features of A. sarawakensis is the secondary venation distinctly prominent 
abaxially and forming well defined inter-primary collective veins [3]. Besides that, significant features 
for A. robusta are membranous leaf blade, often immense, abaxially waxy-glaucous and A. 
macrorrhizos special characteristics are male zone of spadix completely exerted from lower spathe 
chamber and always in association with human disturbance [4]. 

Control of weeds like Alocasia sp. become crucial in the oil palm cultivation to increase oil palm 
production. Weeds can be controlled using non-chemical (slashing) and chemical (herbicides) 
controls. Slashing is only practical for small patches of weeds. Hence, herbicides offer practical and 
economic effects of managing weeds. Various types of herbicides are commonly used in the oil palm 
cultivation such as paraquat, glyphosate, ally and amine. Each herbicide has a specific character to 
control weed based on a specific action mode [5]. Paraquat and Amine are usually used as contact 
herbicides which act by destroying the plant foliar system [6]. Glyphosate and Ally are categorized as 
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systemic herbicides. Systemic herbicides act as an inhibitor for the photosynthesis process and its 
action against protein synthesis in cells, affecting plant growth [7]. This study was conducted to 
evaluate the efficiency of several types of commercial herbicides against A. sarawakensis, A. robusta, 
and A. macrorrhizos (wild yam) where currently, oil palm plantation using Amine to control the wild 
yam. However, it is necessary to explore various options of herbicides with a specifical target and 
cost-effectiveness.  

2.  Methodology 
This study commenced by selecting a suitable location for trial, which is the area that has A. 
sarawakensis, A. robusta, and A. macrorrhizos distribution at an oil palm plantation in Sabah. 
Preparation of the trial site has been done within one week. Total of 42 plots (25m2/plot) has been 
established based on the number of treatment and three replicates for each treatment (Figure 1). One 
plot consists of more than five wild yams with various sizes. For each plot, one wild yam with height 
range between 0.5m-1.5m was selected as single monitoring. Preparation of trial sites is based on the 
treatment designed, consisting of 14 treatments (Table 1). Application of herbicides using spraying 
technique was conducted on the same day, starting from 7.00 a.m until 10.00 a.m. Observation of each 
plot was conducted in the field during monitoring and based on a photo taken to evaluate each 
treatment’s bio-efficacy. During monitoring, parameters observed were the changes of wild yam’s 
petioles and blades in every 2 days. The observation was conducted at the same point that has been 
marked for every plot to get consistent observation result [8]. 

 
Figure 1. Location of plots that have been established at Oil Palm Plantation in Sabah. 

 

3.  Results and discussion 

3.1.  Bio-efficacy of herbicide based on treatments 
Table 2 shows that each treatment derived from monitoring starts from 19 September 2020 until 18 
October 2020 (30 days). The most efficient treatment until 30th day was the herbicides cocktail, which 
is a combination of glyphosate and paraquat with additional surfactant (T14). Bio-efficacy of all 
herbicide cocktail (T9, T10, T11, T12, T13, and T14) showed good response which required less time 
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average 2-6 days for petioles and blades to wilt and changing of colour from green to yellow. This 
study also found out that the herbicide cocktail (glyphosate and paraquat) treatment showed bud 
regeneration after 30th day. However, other herbicides cocktails did not show any regeneration of bud 
after 30th day of observation which is in line with the previuos study [9]. 
 

Table 1. Treatment preparation. 

No Treatment Code Active Ingredient 
Type of 

Herbicide 
Rate/16 L water 

1. Untreated (control) T1 - - - 

2. Slashing T2 - - - 
3. Leaf Skewers soaked in Amine 

and insert into basal part of 
petiole 

T3 2,4 Dimethylamine- 
60% 

(S-C) Amine (40 ml) 

4. Leaf Skewers soaked in Garlon 
and Diesel and insert into basal 
part of petiole 

T4 Triclopyr Butoxyethyl 
Ester 32.1% 

(S-S) Garlon (1 L) 
Diesel (9 L) 

5. Amine + Surfactant T5 2,4 Dimethylamine- 60% (S-C) Amine (40 ml) 
Surfactant (20 ml) 

6. Ally + Surfactant T6 Metsulfuron Menthyl- 
20% 

(S-S) Ally (5 g) 
Surfactant (20 ml) 

7. Paraquat + Surfactant T7 Paraquat-13% (N-C) Paraquat (100 ml) 
Surfactant (20 ml) 

8. Glyphosate + Surfactant T8 Glyphosate- 41% (N-S) Glyphosate (120 ml) 
Surfactant (20 ml) 

9. Amine + Ally + Surfactant T9 2,4 Dimethylamine- 
60% + Metsulfuron 

Menthyl- 20% 

(S-C) + 
(S-S) 

Amine (30 ml) 
Ally (4 g) 
Surfactant (20 ml) 

10
. 

Amine + Glyphosate + 
Surfactant 

T10 2,4 Dimethylamine- 
60% + Glyphosate- 

41% 

(S-C) + 
(N-S) 

Amine (25 ml) 
Glyphosate (80 ml) 
Surfactant (20 ml) 

11
. 

Amine + 
Paraquat + Surfactant 

T11 2,4 Dimethylamine- 
60% + Paraquat-13% 

(S-C) + 
(N-C) 

Amine (25 ml) 
Paraquat (90 ml) 
Surfactant(20 ml) 

12
. 

Ally + Paraquat 
+ Surfactant 

T12 Metsulfuron Menthyl- 
20% + Paraquat-13% 

(S-S) + 
(N-C) 

Ally (3 g) 
Paraquat (80 ml) 
Surfactant (20 ml) 

13
. 

Ally + Glyphosate + Surfactant T13 Metsulfuron 
Menthyl- 20% + 
Glyphosate- 41% 

(S-S) + 
(N-S) 

Ally (4 g) 
Glyphosate (80 ml) 
Surfactant (20 ml) 

14
. 

Glyphosate + Paraquat + 
Surfactant 

T14 Glyphosate- 41% + 
Paraquat-13% 

(N-S) + 
(N-C) 

Glyphosate (80 ml) 
Paraquat (60 ml) 
Surfactant (20 ml) 

*Type of Herbicide: Selective/Contact (S-C), Selective/Systemic (S-S), Non-selective/Contact (N-C), 
Non-selective/Systemic (N-S) 

 
Single herbicide treatment like amine and paraquat exhibited good response to kill Alocasia sp. 

until 14th day after treatment compared to other single treatment. However, glyphosate only showed 
the effect on wild yam blades colour at 14th day after spraying, and ally treatment did not respond to 
wild yam petioles and blades. However, single herbicide treatment showed the earliest sign of 
regeneration until 30th day. 
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Both treatments inserted the soaked leaf skewer in amine (T3) and Garlon with diesel (T4) into 
basal part of petiole exhibited slow-kill or action against wild yam [10]. However, leaf skewer that 
soaked in gallon and diesel showed better result by more petioles and blades wilted until 14th day after 
treatment compared to leaf skewer that soaked in amine. Bedsides, slashing is most effective quickly; 
however, it will increase the wild yam population in the future and require human resource or tree 
cutting machine [11]. 

Table 2. Symptoms observation of plants based on treatment from 19/9/2020 until 18/10/2020. 

Code Treatment Observation of Symptoms Photo (after 14 days) 

T1 Control 
(untreated) 

No symptoms observed at all part of 
A. sarawakensis. 

 
T2 Slashing � Petiole (slashed): Colour of 

petiole changed into yellow at 
10th day until 14th day after 
treatment. 

� Blade (slashed): the colour 
started turning into yellow and 
wilted at 4th day until 14th day 
after slashing. 

� Parts remain (stem/basal 
petiole): The stem/basal petiole 
part remains turned into brown 
colour at 2nd day after spraying. 
The colour change starts from 
the middle part of the 
stem/basal petiole cross-
section. Growth of new shoot 
noted from small wild yam that 
was slashed at 2nd day after 
slashing. The new blades start 
to open at 10th day after 
slashing. 

 

T3 Soaked oil palm 
leaf skewer with 
amine and insert 
into the basal 
part (above 
corm) of wild 
yam 

� Petiole: wilted of petioles for 
wild yam height range between 
0.5 m – 1.5 m at 4th  day after 
spraying. However, no sign of 
petioles wilted noted for the 
wild yams height >1.5 m until 
14th day after spraying. Petioles 
colour also does not change 
until 14th day after application. 

� Blade: wilted of blades at 4th 

day after treatment for small 
wild yam (0.5m –1.5m) and no 
change of colour observed. 
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Code Treatment Observation of Symptoms Photo (after 14 days) 

T4 Soaked oil palm 
leaf skewer with 
garlon + diesel 
and insert into 
the basal part 
(above corm) of 
wild yam 

� Petiole: wilted of petioles at 2nd 

and 4th day after treatment 
application. However, no 
change of colour observed until 
14th day after treatment 
application. 

� Blade: wilted of blades at 2nd 

and 4th day after treatment 
application, but no change of 
colour observed until the 14th  
day. 

 

T5 Amine + 
Surfactant 

� Petiole: wilted of petioles at 2nd 

day after treatment application. 
The petioles colour started 
turning into yellow at 12th day. 

� Blade: wilted of blades at 2nd 

day after treatment and blades 
colour started turning into 
yellow at 10th day. No sign of 
scorched observed at blade.  

T6 Ally + Surfactant � Petiole: no change at petioles 
until 14th  day of treatment 
application. 

� Blade: no change at blades 
until 14th day. 

 
T7 Paraquat + 

Surfactant 
� Petiole: wilted of petioles at 2nd  

day after treatment application 
and the petioles colour started 
changing into yellow at 10th 
day. 

� Blade: wilted of blades at 4th 

day after treatment application. 
Scorched sign noted on blades 
surface at day 2 until day 14.  

T8 Glyphosate + 
Surfactant 

� Petiole: wilted of petioles at 
10th day after treatment 
application. Colour of petioles 
did not change until day 14. 

� Blade: wilted of blades at 10th 

day after treatment application. 
At day 14, the colour of blades 
starts turn into yellow. No sign 
of scorched observed at blade.  
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Code Treatment Observation of Symptoms Photo (after 14 days) 

T9 Amine + Ally + 
Surfactant 

� Petiole: wilted of petioles at 2nd  
day after treatment application. 
Colour of petioles change to 
yellow at day 12. 

� Blade: wilted of blades at 10th 

days after treatment application 
and some part of blades 
changed colour into yellow at 
day 6 and the whole blades 
change into yellow at day 14. 
There was no scorching 
observed at blades until 14th 
day. 

 

T10 Amine + 
Glyphosate 
+ Surfactant 

� Petiole: wilted of petioles start 
from 2nd day until 14th day after 
spraying and the petioles colour 
started changing to yellow at 
12th until 14th day after 
treatment application. 

� Blade: wilted of blades start 
from 2nd day after spraying 
until 14th day after spraying. 
Colour of blades started 
changing into yellow from 8th 
day until 14th days after 
spraying. There was no 
scorched noted at blades until 
14th days. 

 

T11 Amine + 
Paraquat + 
Surfactant 

� Petiole: wilted of petioles start 
from 2nd day until 14th  day 
after treatment application. The 
petioles colour started turning 
into yellow at 6th day until 14th 

day. 

� Blade: wilted of blades at 2nd 
days until 14th day. Scorched 
sign observed at blades at 2nd 
day until 14th day.  

T12 Ally + Paraquat 
+ Surfactant 

� Petiole: wilted of petioles at 
2nd day until 14th day after 
treatment application. While 
the petioles colour started 
changing into yellow at 4th day 
until 14th day. 

� Blade: wilted of blades at 2nd 
day. Scorched of blades 
observed at 4th day until 14th 

day.  
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Code Treatment Observation of Symptoms Photo (after 14 days) 

T13 Ally + 
Glyphosate + 
Surfactant 

� Petiole: wilted of petioles at 4th 
day until 14th day. Petioles 
colour started changing into 
yellow at 14th day after 
treatment application. 

� Blade: wilted of blades at 4th 
day until 14th day and the 
colour of blades started 
changing to yellow at 12th day. 
There was  no scorching sign 
ob s e r ved until 14th day. 

 

T14 Glyphosate + 
Paraquat + 
Surfactant 

� Petiole: wilted of petioles at 2nd 
day until 14th. The petioles 
colour started turning into 
yellow at 6th  day after 
treatment application. 

� Blade: wilted of blades at 2nd 
day until 14th day. Scorched 
sign observed at blades surface 
start from 4th day until 14 day.  

 

3.2.  Cost-effectiveness analysis of herbicide treatment 
Based on the bio-efficacy analysis of herbicides, T5 – T14 showed significant result inhibiting A. 
sarawakensis and had been proceeded for cost-effectiveness analysis. Table 3 shows T9 (Amine + 
Ally + Surfactant), T11 (Amine + Paraquat + Surfactant) and T12 (Ally + Paraquat + Surfactant) was 
the most cost-effective herbicides to control A. sarawakensis in oil palm plantation. In average the 
total cost to prepare 16L cocktail herbicide was ±RM0.58 cent. According to Fillols et al., [12], better 
efficacy results from products with multiple active ingredients demonstrated the benefits of using 
mixtures of active ingredients to widen the spectrum of weed control efficacy and cost-effectiveness. 

Table 3. Cost-effectiveness analysis. 

Code Treatment Cost/pump(16L) 
T5 Amine + Surfactant RM 0.33 
T6 Ally + Surfactant RM 0.42 
T7 Paraquat + Surfactant  RM 0.40 
T8 Glyphosate + Surfactant RM 1.04 
T9 Amine + Ally + Surfactant RM 0.25 + RM 0.34 = RM 0.59 
T10 Amine + Glyphosate + Surfactant  RM 0.21 + RM 0.69 = RM 0.90 
T11 Amine + Paraquat + Surfactant RM 0.21 + RM 0.36 = RM 0.57 
T12 Ally + Paraquat + Surfactant RM 0.25 + RM 0.32 = RM 0.57 
T13 Ally + Glyphosate + Surfactant RM 0.34+ RM 0.69 = RM 1.03 
T14 Glyphosate + Paraquat + Surfactant RM 0.69 + RM 0.24 = RM 0.93 

4.  Conclusion 
All herbicides cocktail treatment exhibited good bio-efficacy to inhibit the wild yam compare to single 
herbicide treatment. In the single herbicide treatment, contact herbicides like paraquat and amine 
exhibited fast killing action against several Alocasia sp. Systemic herbicides such as ally and 
glyphosate exhibited slow killing action against wild yam. Combination of contact and systemic 
herbicides showed significant cost-effectiveness as compared to the others. However, this herbicides 
trial is just a pilot study to evaluate the single and combination of commercial herbicides against A. 
sarawakensis, A. robusta, and A. macrorrhizos. Therefore, further study is needed to reduce 
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herbicides' dosage to find the minimum inhibition concentration (MIC) that could improve cost-
effectiveness.  
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