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A strategy that balances effective weed control and costs in oil palm plantations is 

crucial amidst rising herbicide expenses and soil erosion concerns. Herbicides offer 

cost-effectiveness and efficacy method over manual weeding. However, rising 

herbicide costs, exemplified by the 39% increase in Felda Global Ventures (FGV) in 

2021, demand immediate attention. Therefore, this study aims to optimize herbicide 

efficacy and cost efficiency by addressing weed management challenges, comparing 

premium and generic herbicides, evaluating the additive effect of WEED Solut-ioN®, 

and assessing drone-assisted blanket spraying and purification of legume cover crops 

during replanting. The research utilized questionnaires and field experiments. The 

survey covered FGV plantations across Malaysia, with experiment trials conducted at 

Tun Razak Agriculture Centre, Jengka, Pahang and Felda Global Venture Plantation 

Malaysia (FGVPM) Mengkarak 2, Bera, Pahang. In study 1, two surveys were 

conducted in oil palm plantations across Malaysia: one on weed management practices 

and issues, and another on the performance of generic herbicides. Chemical (herbicide) 

approach was the predominant weed control approach employed, followed by 

biological control, mechanical control, integrated weed management, and cultural 

practices. Common issues faced by planters included labor, herbicide resistance, high 

cost, knowledge, practical issues, low productivity, and herbicide efficacy. The survey 

on generic herbicide performance revealed that most planters favored generic products 

due to cost. However, they noted issues like inconsistent weed control and less 

effectiveness. 

 

 

Study 2 found that generic herbicides performed similarly to premium herbicides. 

Across all assessments in both immature and mature oil palm settings, generic 

herbicides achieved 93% to 97% of weed control efficiencies compared to the slightly 

superior control by premium herbicides (98% to 100%). Cost projections indicated 

substantial cost savings associated with the use of generic herbicides, with a 47% cost 
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reduction in immature stages and around 12% in palm circles. Savings for controlling 

broadleaf and woody weeds approached 14% in both scenarios. Given that all generic 

herbicides assessed in this study achieved over 90% weed control efficiency, their 

adoption presents a cost-effective alternative to premium herbicides. Study 3 revealed 

the effectiveness of WS in reducing the amount of herbicide required to control weeds, 

resulting in a 50% of reduction in herbicide dosage for circle weeding in immature oil 

palms and 70% for inter-row weeding and selective weed control of C. hirta in mature 

oil palms. Phytotoxicity evaluations on eight-month-old oil palm trees indicated WS as 

a non-phytotoxic reductant, posing no harm to oil palm growth or yield, with minimal 

impact on Elaedobius kameranicus (weevils) even at a higher concentration (at 2 

L/ha). Economic analyses demonstrated the substantial cost-saving potential of WS, 

resulting in up to 25% of reduction for immature palms and up to 14% for mature 

palms. Overall, WS can save FGV up to RM10,776,617 per year on weeding costs. 

WEED Solut-ioN® emerges as a highly effective and sustainable solution for weed 

control in oil palm plantations. 

 

 

Study 4 showed that 0.25 MPa pressure was more effective than 0.15 MPa as it 

provided broader coverage and more droplets. In replanting areas, both UAV and 

mistblower applications resulted in 100% weed eradication, demonstrating equal 

effectiveness. In pre-planting zones, the initial advantage of conventional knapsack 

sprayers (CKS) diminished over time, highlighting the UAV spray's enhanced efficacy. 

UAV spraying becomes cost-effective for areas over 3,000 hectares, with potential 

savings ranging from 4% to 28%. Furthermore, UAV spraying reduced working hours 

by 37%, water usage by 91%, and human expenses by 81% compared to conventional 

methods, highlighting its efficiency and cost saving benefits for large-scale weed 

control in oil palm plantations. Overall, this research offers insights into optimizing 

weed control in oil palm plantations, emphasizing cost efficiency and sustainability 

through strategic herbicide selection, additive solutions like WEED Solut-ioN®, and 

innovative techniques such as UAV spraying. 
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Strategi yang mengimbangi kawalan rumpai yang berkesan dan kos di ladang kelapa 

sawit adalah penting kerana kos perbelanjaan racun rumpai semakin meningkat dan 

dengan kebimbangan hakisan tanah. Racun rumpai menawarkan kos dan kaedah yang 

berkesan berbanding dengan merumput secara manual. Bagaimanapun, peningkatan 

kos racun rumpai setinggi 39% yang ditunjukkan oleh Felda Global Ventures (FGV) 

memerlukan perhatian segera. Oleh itu, kajian ini bertujuan untuk mengoptimumkan 

keberkesanan racun rumpai dan kecekapan kos dengan menangani cabaran pengurusan 

rumpai, perbandingan antara racun rumpai premium dan generik, menilai adjuvan 

WEED Solut-ioN®, dan penilaian semburan hamparan dan penulenan kekacang 

penutup bumi dengan menggunakan dron. Penyelidikan ini menggunakan soal selidik 

dan eksperimen berasaskan kajian lapangan. Soal selidik tersebut meliputi perladangan 

FGV di seluruh Malaysia dan kajian lapangan dijalankan di Pusat Pertanian Tun 

Razak, Jengka, Pahang dan Felda Global Venture Plantation Malaysia (FGVPM) 

Mengkarak 2, Bera, Pahang. Dalam kajian 1, dua soal selidik telah dijalankan di ladang 

kelapa sawit di FGV seluruh Malaysia: yang pertama mengenai amalan dan isu 

pengurusan rumpai, dan yang kedua mengenai prestasi racun rumpai generik. Racun 

rumpai adalah pendekatan kawalan rumpai utama yang digunakan, diikuti oleh 

kawalan biologi, kawalan mekanikal, kawalan kultura dan pengurusan rumpai 

bersepadu. Kebiasaan isu yang dihadapi oleh peladang ialah buruh, kerintangan racun 

rumpai, kos racun yang tinggi, pengetahuan berkaitan pengurususan rumpai, isu 

praktikal, produktiviti yang rendah dan keberkesanan racun rumpai. Soal selidik 

mengenai prestasi racun rumpai generik menunjukkan bahawa kebanyakan peladang 

memilih produk generik kerana kos yang lebih murah. Walaubagaimanapun, peladang 

melaporkan isu seperti kawalan rumpai yang tidak konsisten, kos yang tinggi dan 

keberkesanan racun yang rendah.  
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Kajian 2 mendapati bahawa racun rumpai generik mempunyai prestasi yang setanding 

dengan racun rumpai premium. Penilaian di dalam kelapa sawit pra matang dan 

matang menunjukkan bahawa racun rumpai generik hanya mencapai 93% hingga 97% 

kecekapan kawalan rumpai berbanding racun rumpai premium yang menunjukkan 

kawalan yang lebih baik (98% hingga 100%). Dari segi unjuran kos, racun rumpai 

generik menunjukkan penjimatan kos yang tinggi iaitu 47% di dalam peringkat pra 

matang dan sekitar 12% di peringkat matang. Penjimatan kos untuk mengawal rumpai 

berdaun lebar dan berkayu menghampiri 14% di dalam kedua-dua kategori. 

Memandangkan semua racun rumpai generik yang dinilai dalam kajian ini mencapai 

lebih daripada 90% kecekapan kawalan rumpai, penggunaannya memberikan alternatif 

kepada racun rumpai premium dari segi kos efektif. Kajian 3 menunjukkan 

keberkesanan WEED Solut-ioN® (WS) di dalam mengurangkan 50% kadar racun 

rumpai yang diperlukan untuk mengawal rumpai di bulatan kelapa sawit pra matang 

dan pengurangan 70% untuk merumput antara barisan kelapa sawit dan kawalan anak 

kayu (Clidemia hirta) di kelapa sawit matang. Penilaian fitotoksisiti pada anak pokok 

kelapa sawit berusia lapan bulan menunjukkan WS tidak memudaratkan pertumbuhan 

kelapa sawit (bukan fitotoksik), dan memberi kesan minimum terhadap Elaedobius 

kameranicus (kumbang pendebungaan) walaupun pada kepekatan yang lebih tinggi (2 

L/ha WS). Analisis kos menunjukkan potensi penjimatan kos yang tinggi dengan 

menggunakan WS, 25% pengurangan untuk sawit yang belum matang dan 14% untuk 

sawit matang. Secara keseluruhanya, WS boleh menjimatkan kos merumput di FGV 

sehingga RM10,776,617 setahun. WEED Solut-ioN® muncul sebagai penyelesaian 

yang berkesan dan mampan untuk kawalan rumpai di ladang kelapa sawit.  

 

 

Kajian 4 menunjukkan bahawa tekanan 0.25 MPa adalah lebih berkesan berbanding 

0.15 MPa kerana ia memberikan liputan yang lebih luas dan lebih banyak titisan. Di 

peringkat tanam semula, kedua-dua aplikasi UAV dan mistblower membasmi 100% 

rumpai dan menunjukkan keberkesanan yang sama. Di peringkat pra-penanaman, 

kelebihan awal penyembur kocok konvensional (CKS) berkurangan dari semasa ke 

semasa, manakala keberkesanan semburan UAV yang semakin meningkat. 

Penyemburan UAV adalah kos efektif untuk kawasan seluas 3,000 hektar dengan 

potensi penjimatan antara 4% hingga 28%. Selain itu, semburan UAV mengurangkan 

waktu kerja sebanyak 37%, mengurangkan penggunaan air sebanyak 91%, dan 

mengurangkan penggunaan tenaga buruh sebanyak 81% berbanding kaedah 

konvensional, menonjolkan kecekapan dan faedah penjimatan kos untuk kawalan 

rumpai berskala besar di ladang kelapa sawit. Secara keseluruhannya, penyelidikan ini 

menawarkan penyelesaian untuk mengoptimumkan kawalan rumpai di ladang kelapa 

sawit, menekankan kecekapan kos dan kelestarian melalui pemilihan racun rumpai, 

adjuvan seperti WEED Solut-ioN®, dan teknik inovatif seperti penyemburan UAV. 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background 

 

 

Popularly identified as Malaysia’s “Golden Crop”, oil palm (Elaeis guineensis Jacq.) is 

a key driver of the nation’s economy as well as an established major export commodity 

and source of income. The expansive landscapes once dedicated to cocoa and rubber 

plantations have gradually given way to the more lucrative oil palm, supported by the 

use of agrochemicals to facilitate the extensive transition. The shift gain significant 

traction in Malaysia during the late 20th century and continued into the 21st century. 

This change was primarily due to the increased profitability of oil palm compared to 

other crops. Oil palm is known for its higher yield per hectare and economic 

advantages, which incentivized farmers and agricultural companies to replace less 

profitable crops with oil palm plantations. Governmental policies, market demands, 

and economic incentives provide further accelerated the transition from traditional 

crops like cocoa and rubber to oil palm notably from the 1980s onwards. The 

promotion of agrochemical use, including fertilizers and pesticides, has been a part of 

modern agricultural practices aimed at boosting oil palm productivity. Agrochemicals 

are utilised to improve soil fertility, control pests and diseases, and enhance crop 

yields, however, their usage has raised concerns regarding environmental impact and 

sustainability. 

 

 

Palm oil is one of Malaysia's core industries and the country's largest agricultural 

export worldwide. In 2022, it is expected to contribute 2.4 percent to Malaysia’s GDP 

(Department of Statistics Malaysia, 2022). As the world’s second-largest producer and 

exporter, after Indonesia, Malaysia is projected to export 15 million metric tonnes of 

palm oil and palm-based products in 2022, valued at approximately 137 billion 

Malaysian ringgit (Ministry of Plantation Industries and Commodities, 2022). This 

translates to a staggering 35 billion ringgit contribution to Malaysia's total GDP. As of 

2019, the sector contributed 7.1 percent (RM101.5 billion) to the nation’s GDP 

(Department of Statistics Malaysia Official Portal, 2021). The industry’s importance is 

reflected in its Third National Agricultural Policy (NAP) (1998-2010), which priotises 

continued development of the palm oil sector, particularly in Sabah and Sarawak, with 

support through reverse investment from neighbouring countries. Ensuring sustainable 

production through good plant and land management practices is paramount. This 

includes optimising oil palm trees throughout their life span to achieve high quality and 

quantitative yields. Efficient weed control, a fundamental and critical aspect of oil 

palm plantation management, is key to achieving this. 

 

 

Weeds pose a significant threat to crop production, particularly for oil palm, rubber, 

and rice. They act as unwelcome competitors by reducing crop productivity and 

serving as a breeding ground for pests and diseases. In general, weeds have negative 

impacts on crop growth and yields as they compete, among others, for space and 
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essential nutrients for their use. Weeds are a nuisance that competes with crops for 

resources in the soil, such as water, light, and nutrients (Zimdahl, 2007), making weed 

control a vital component in all crop production systems. In oil palm plantations, 

chemical management techniques using herbicides is the primary approach due to its 

cost-effectivness and ease of application (Wibawa, 2007). Herbicides yield a faster 

outcome, reliable efficacy, and straightforward use, making them a seemingly 

attractive solution (Rutherford et al., 2009). This explains their pervasive use, 

accounting for over 80% of Malaysian pesticide usage in 2019/2020 (FAOSTAT, 

2021). 

 

 

Effective weed control through herbicides requires both in-depth technical knowledge 

of numerous weed species and understanding of functional properties of each 

herbicide. This knowledge, combined with awareness of operating procedures for each 

herbicide, is crucial for crafting an accurate and economical system of chemical weed 

control techniques that are less risky to humans, animals, crops, and the environment. 

The key is optimum amount of herbicides used for maximum outcome because too 

much use of herbicides is dangerous for the environment. Therefore, it is highly critical 

to mitigate its hazardous consequences. One promising avenue is to utilise herbicide 

adjuvants, which contain compounds that have the ability to enhance herbicide 

efficacy. Even though there are various adjuvants available in the Malaysian market, it 

is critical to choose the most suitable type of adjuvant to be used in conjunction with 

current chemical weed control practices to warrant that efficient weed control is 

achieved.  

 

 

The oil palm industry faces a dilemma, with a plethora of low-cost generic herbicidal 

products flooding the market promising weed control at a fraction of the price of 

premium products. While their low cost appeals, questions remain concerning product 

quality, effectiveness, and cost-efficiency. Although previous studies have hinted at 

potential differences between generic and premium herbicides, a comprehensive 

assessment addressing both effectiveness and cost-effectiveness remains lacking. Jabit 

et al. (2022) explored this issue by investigating the effectiveness of both name-brand 

and generic herbicides in controlling weeds in order to determine which herbicide is 

the best with the lower costs suitable for use in oil palm plantations. Past research has 

indeed documented the utilisation of generic herbicides in oil palm plantations due to 

their affordability. However, limited empirical evidence exists regarding their 

performance in weed control compared to premium herbicides. Previous studies have 

mostly focused on singular aspects, such as the herbicide's effectiveness or economic 

considerations, without comprehensive comparative analyses between generic and 

premium herbicides. Unlike previous studies that often focused on either efficacy or 

cost-effectiveness separately, this study uniquely provides a comprehensive 

comparative analysis encompassing both aspects, offering a more holistic view for 

informed decision-making in weed management practices within oil palm plantations. 

The existing research gap primarily stems from the lack of comprehensive comparative 

studies assessing both the efficacy and cost-effectiveness of generic herbicides versus 

premium herbicides in oil palm plantations. Current studies often overlook one aspect 

in favor of the other, creating a significant knowledge gap regarding their holistic 

performance. This study contributes by addressing the research gap regarding the 

comparative performance of generic and premium herbicide in oil palm plantations. 
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The comprehensive assessment of efficacy and cost-effectiveness underscores the need 

for a more nuanced understanding when choosing between generic and premium 

herbicide for weed management in oil palm plantations. 

 

 

The current practice for weed control is very labor-intensive and uses tedious 

equipment including ground-spray operators. The emergence of the unmanned aerial 

vehicle (UAV) sprayer is fast becoming a popular trend in agriculture due to its high 

efficiency, time-saving, and ability to operate remotely with minimal manpower (Ji et 

al., 2022). Drones, also known as unmanned aerial vehicles (UAVs) or unmanned 

aerial systems (UAS), have gained significant attention and utility in various 

agricultural applications, including weed management. These aerial vehicles are 

equipped with cameras, sensors, and sometimes even specialized spraying mechanisms 

offering the potential for precision agriculture practices. Weed infestation poses a 

significant challenge in plantations, affecting crop yields and quality. Traditional 

methods of weed control often involve manual labour or broad-scale application of 

herbicides, which can be labour-intensive, time-consuming, and may lead to excessive 

chemical usage, impacting the environment. The use of drones in weed control in 

plantations shows promise as an innovative and potentially more sustainable approach. 

However, further research and field studies are necessary to validate their efficiency, 

cost-effectiveness, and long-term impacts on crop production and the environment. 

 

 

Recent studies and advancements have explored the use of drones for weed control in 

plantations. By employing high-resolution cameras or sensors, drones can capture 

detailed images of the plantation areas, enabling farmers or agricultural specialists to 

identify weed populations more accurately and precisely. Moreover, some drone 

systems are equipped with technologies that allow targeted spraying of herbicides 

directly onto the identified weed patches. This targeted application minimises herbicide 

usage, reduces environmental impact, and optimises the effectiveness of weed control 

measures. Previous studies have indeed demonstrated the potential of drone technology 

in transforming the oil palm industry operation by elevating the effectiveness of oil 

palm cultivation and production management (Khuzaimah et al., 2022). 

 

 

Previous studies also have indicated promising results in using drones for weed 

management in plantations. These studies have highlighted the potential benefits of 

drones in terms of precision and efficiency. Drones can identify weed hotspots or 

specific areas requiring treatment more efficiently than traditional ground-based 

methods, leading to precise and targeted interventions. Besides, drones can help 

reduced chemical usage. Targeted spraying by drones reduces overall herbicide usage 

by directly targeting weed-infested areas, thus minimising environmental impact and 

potential harm to non-target plants. In terms of cost-effectiveness, despite the relatively 

high initial investment in drone technology, studies suggest potential long-term cost 

savings due to optimised herbicide usage and increased operational efficiency. Drones 

also can cover larger areas in a shorter time compared to manual weed control 

methods, potentially saving time for farmers, and allowing for quicker responses to 

weed outbreaks.  
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In terms of the technical aspects in the use of UAVs, meteorological circumstances, 

such as intensity and wind direction during spraying, can complicate droplet 

effectiveness. Among the most crucial elements influencing the deposition and drift of 

herbicide spray is droplet size. The droplet size has a significant impact on both the 

distribution and leaf-retention of droplets in the sprayed area as well as their drift 

potential in the non-target area (Chen, 2020). Therefore, to achieve optimal agricultural 

aerial spraying, it is imperative to examine how different parameters affect droplet 

distribution and effectiveness in weed control. Addressing challenges associated with 

manual spraying methods such as inaccessible heights or areas and uneven pesticide 

distribution is crucial for enhancing operational efficiency. The outcomes would 

provide optimal spray volume and coverage by UAV utilisation, which is expected to 

significantly reduce the time needed per UAV operation while maintaining the 

worker’s safety during the weeding operation. 

 

 

1.2 Problem statement 

 

 

Felda Global Ventures (FGV) owns one of Southeast Asia's largest oil palm research 

facilities, solidifying its position as the industry's leader of innovation and scientific 

research. It strives to improve agricultural yields sustainably through breeding, tissue 

culture, agronomy, and crop protection; utilise wastes and by-products to generate new 

products with greater development potential in higher-margin industries and provide 

high-quality agro-based products and services. Weeds are among the main constraints 

in the majority of FGV oil palm plantations. Approximately 15-25% of estate costs 

involved weeding costs, and the use of herbicides continues to increase every year. 

Although generic herbicides are commonly used in oil plantations, their efficacy is 

inconsistent. While generic herbicides may be more cost-effective compared to 

branded alternatives, variations in formulation and quality can lead to varying levels of 

effectiveness in weed control. In comparison to other methods, chemicals (herbicides) 

are the most effective way to control weeds. Oil palm plantations are vulnerable to 

weed infestations that can significantly impact crop yields and quality. While generic 

herbicides are commonly used due to their lower costs, their comparative efficacy 

against premium herbicide remains uncertain. Furthermore, even though integrated 

weed management has been implemented to control weeds in oil palm plantations, it is 

not operationally feasible due to the limitations (labor, cost, facilities, etc.). FGV 

currently employs physical, cultural, mechanical, and chemical weed management 

methods. 

 

 

Managing weeds is critical regardless of any stage of crop planting (replanting, nursery, 

immature and mature). In plantation management, it must be done at a reasonable cost 

while ensuring high efficiency due to labor scarcity issues, considering it being a 

labour-intensive task. With the emergence of drone applications in elevating 

productivity, it promises a potential solution to the problem of effective weed 

management at a low cost and with minimal manpower. To date, only a few studies 

have been conducted on drones for weed control. By using aerial spraying to control 

weeds, FGV can reduce the cost of manpower and time. However, before any 

recommendation on the use of UAV-based aerial spraying to control weeds in oil palm 

is made, particularly during the replanting period, a series of extensive evaluations is 
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needed. This is crucial to establish standard operating procedures (SOP) for FGV and 

to analyse the cost-benefits of UAV spraying for weed control at the replanting stage. 

Additionally, evaluation of the suitability and cost efficiency of the selected adjuvant 

(WEED Solut-ioN®) in this study can mitigate the overdosage and skyrocketing 

herbicide price issue without affecting its effectiveness.  

 

 

1.3 Objectives 

 

 

The current study embarked on the determination of the current approach of chemical 

weed control and the need for a more efficient chemical-based weed management in 

the FGV plantation. The specific objectives were as follows:  

 

i. To identify the implementation of weed management approaches in the 

selected FGV oil palm plantations, further reviewing their efficacy and 

efficiency. 

 

ii. To compare the efficacy and cost efficiency between the premium and generic 

herbicides in the FGV Jengka oil palm plantation. 

 

iii. To determine the effectiveness and cost efficiency of WEED Solut-ioN® as 

an herbicide adjuvant in the FGV Jengka oil palm plantation. 

 

iv. To determine the suitability and efficiency of drone spraying in blanket 

spraying and purification of legume cover crop at the replanting stage in the 

FGV Jengka and FGV Mengkarak plantation. 
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