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ABSTRACT

Agriculture mechanisation, mainly through the use of tractors, significantly enhances land cultivation
efficiency and crop yields, but the high operational and maintenance costs present financial
challenges for farmers. The primary issue of mechanisation in Malaysian agriculture is the high cost
and frequent breakdowns of tractors due to age, wear and tear, irregular maintenance, and improper
usage, which negatively impact productivity and increase environmental footprint. This study
analysed current practices and operational challenges in Malaysian tractor mechanisation and
identified effective strategies for reducing costs among stakeholders. Using qualitative approach, the
research conducted semi-structured interviews with six respondents from various companies. It
employed thematic analysis to identify key themes of mechanisation challenges and cost-reduction
strategies. The findings revealed that significant challenges include human factors, technical issues,
maintenance and repair issues, operational complexity and environmental impacts. Strategies to
reduce costs include regular maintenance, timely service, employment of skilled driver, and proper
road conditions. Adopting proactive maintenance strategies, training skilled operators, and
implementing energy-efficient technologies are recommended to reduce operational costs and
enhance sustainability in Malaysian agriculture.
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INTRODUCTION

Malaysia's agricultural sector, a cornerstone of the national economy and societal welfare, plays a
critical role in food security, employment, and rural development. As Malaysia progresses towards
a more developed economy, there is an urgent need to modernise its agricultural practices to
enhance efficiency and sustainability. This push for modernisation increasingly involves
mechanisation, viewed as essential for improving productivity and reducing reliance on labour-
intensive methods. In Malaysia, the government supports agricultural mechanisation through
several initiatives. The Ministry of Agriculture and Food Security launched the National Agrofood
Policy 2.0 (NAP 2.0) to promote modern and intelligent agriculture, allocating RM 2 billion to help
small and medium enterprises (SMEs). Additionally, the Malaysian Agricultural Research and
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Development Institute (MARDI) has adapted farm mechanisation technologies to suit local
conditions better, enhancing their effectiveness for Malaysian farmers (Dardak, 2022).

Tractors are at the heart of this modernisation effort, serving as key tools in mechanising
and enhancing the efficiency of agricultural operations. Tractors significantly benefit farmers and
various other stakeholders in the agricultural sector. Agricultural contractors, for instance, leverage
the efficiency of tractors to offer services like planting, harvesting, and ploughing (Javaid et al.,
2022). This enables them to cover larger areas and serve more clients, expanding their business
opportunities and enhancing operational capabilities. Similarly, agribusiness companies utilise
tractors to efficiently manage extensive plantations with reduced labour costs, which boosts their
management efficiency (Atli, 2024). Additionally, governmental agencies and NGOs depend on
tractors to execute large-scale agricultural development projects.

However, integrating tractors into farming practices introduces economic and environmental
challenges. The economic challenges primarily involve high costs of purchasing, operating, and
maintaining tractors (Paudel et al., 2019), while the environmental challenges include significant
diesel fuel consumption which contributes to greenhouse gas emissions and other ecological
impacts (Baharuddin & Mohd, 2019). Additionally, the physical use of heavy machinery can lead to
soil compaction, adversely affecting soil health and fertility and potentially leading to increased
runoff and erosion.

Addressing these multifaceted challenges requires a holistic approach to cost management,
maintenance practices, and environmental stewardship in tractor mechanisation. This study aims
to analyse the challenges in operating and practising mechanisation and to identify effective
strategies for reducing tractor costs among stakeholders in Malaysia. By exploring these objectives,
the research seeks to enhance the sustainability and productivity of Malaysian agriculture, offering
insights and recommendations that could influence policy and operational decisions across the
sector.

LITERATURE REVIEW
Challenges in tractor maintenance and repair

Increase in agricultural mechanisation enhances production and sustainability, yet technological
challenges can impede the uptake and efficiency of agricultural machinery, potentially
compromising environmental sustainability. The literature indicates that limited fertiliser uses and
low mechanisation in agricultural practices diminish technological efficiency (Telleria & Marco,
2022). Furthermore, inadequate maintenance can increase greenhouse gas emissions, energy
consumption, and resource wastage, negatively impacting agricultural sustainability and the
environment (Saihi et al., 2022). Maintenance personnel might neglect the environmental and social
consequences if they prioritise technical and commercial aspects over ecological concerns
(Franciosi et al., 2020). Additionally, long-term performance, maintenance, storage, cost, safety,
and weight of electric tractor battery systems are critical factors influencing agricultural
sustainability (Bessette et al., 2022). Scarcity of repair shops, spare parts, and mechanics can delay
tractor repairs, causing breakdowns and inefficiencies (Udoh & Effanga, 2021). The environmental
impact of tractors also hinges on their life-cycle carbon footprint (Martelli et al., 2023). Therefore,
evaluating tractor quality based on environmental impact is essential for understanding
sustainability implications (Juostas & JanuleviCius, 2009). Such evaluations can highlight
opportunities to improve maintenance and repair practices to minimise environmental damage.

Cost analysis of tractor ownership and operation
Initial acquisition cost
Acquisition costs of tractors significantly influence the environmental impact during their operational

lifecycle, with diesel fuel consumption being a major contributor (Piringer et al., 2016). Fuel
efficiency and emissions are crucial to minimise environmental consequences. Hu and Chen (2022)
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highlighted that poor fuel economy increase greenhouse gas emissions and other environmental
impacts. Electrification and autonomy in tractors are promising solutions, as studies by Lagneldv et
al. (2021; 2023) demonstrated that electric autonomous tractors substantially reduce greenhouse
emissions over their lifecycle.

Ongoing maintenance and repair cost

Agricultural tractor maintenance and repair costs are influenced by a variety of factors. High running
costs are often associated with frequent repairs and maintenance (Dayou et al., 2020). Farmers
can optimise repair schedules, minimise downtime, and lessen environmental impact of emergency
repairs by accurately estimating maintenance needs. Furthermore, using single use versus
reusable equipment in agricultural maintenance poses different environmental challenges.
Analysing their carbon footprints can guide more environmentally friendly maintenance decisions
(Kemble et al., 2023). Implementing sustainable tractor maintenance and conservation programs
can significantly diminish the environmental effects of ongoing maintenance and repair.
Additionally, farmers can adopt environmentally sustainable maintenance practices by considering
the embodied carbon expenditure and repair lifespan (Kayan, 2015).

Operational expenses

Maintenance and repair activities can increase resource use, waste, and pollution (Batey, 2009).
Continuous tractor usage often results in frequent breakdowns and elevated operational expenses,
raising maintenance costs and having significant environmental impacts (Dayou et al., 2020). In
addition, the costs associated with maintaining tractors, such as lubricating oils, filters, tyres,
gasoline, and minor repairs, contribute to the overall environmental impact of tractor operations
(Piacentini et al., 2012). Evaluating the carbon footprints of single use versus reusable equipment
can guide maintenance decisions to mitigate environmental damage. Addressing environmental
and human health implications in tractor maintenance and repair is crucial, particularly concerning
whole-body vibration (Cutini et al., 2017). Wear on tractor components during agricultural
operations can influence both maintenance needs and environmental sustainability (Kim et al.,
2020). Ultimately, optimizing tractor operations and reducing environmental impacts are essential
for sustainable agriculture (Galiev et al., 2021).

Cost reduction strategies

Past research has highlighted several strategies to reduce agricultural tractors' ownership and
operation costs. Proper driving practices, for instance, significantly cut fuel consumption and
production costs (Farias et al., 2019). Choosing the right tractor model through a hybrid and multi-
attribute approach can also lead to savings (Alcaraz et al., 2016). Moreover, integrating hybrid
electric architectures in agricultural tractors enhances performance and lowers life cycle costs
compared to traditional models, underscoring the cost-saving potential of technological
advancements (Mocera & Soma, 2020; Beligoj et al., 2022). Automated tractor guidance systems
further streamline farm operations, boosting efficiency and cost-effectiveness (Scarfone et al.,
2021). Additionally, optimising tillage parameters and equipment performance can significantly
reduce costs. By adjusting tillage speed, depth, ballast weight, and tyre pressure, farmers can
enhance fuel efficiency, reduce wheel slippage, and improve tractor performance (Montanha et al.,
2011). Lastly, considering the energy footprint of mechanised agricultural activities and adopting
energy-saving practices can foster financial savings and sustainability (Lampridi et al., 2020).

Malaysian context of agricultural mechanisation
Malaysia has made significant strides in agricultural mechanisation yet faces unique challenges

distinct from global trends. The warm, humid tropical climate accelerates equipment deterioration,
while the diverse topography requires specialized machinery adaptations (Ahmad et al., 2018).
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Small farm sizes in Malaysia make it difficult for individual farmers to justify high mechanisation
costs, leading to dependency on government subsidies and shared machinery schemes
(Shamsudin et al., 2020). Additionally, Malaysian agricultural mechanisation is impacted by the
country's specific soil conditions, crop diversity, and cultural farming practices (Ismail et al., 2021).
Recent studies by the Malaysian Agricultural Research and Development Institute (MARDI)
indicated that locally adapted machinery improves cost-effectiveness and adoption rates among
smallholders (Razali et al., 2022). Understanding these Malaysia-specific contexts is essential for
developing effective mechanisation strategies that address local economic and environmental
concerns.

METHODOLOGY

This research was conducted in the southern region of Malaysia involving six participants, including
representatives from plantation companies, contractors, and smallholders. The study utilised
purposive sampling with specific criteria, which Patton (2002) and Suri (2011) defined as selecting
examples that meet a predefined criterion of significance, making it ideal for representing individuals
who have directly encountered the phenomena under investigation. Participants were chosen
based on their ownership and experience with tractors to ensure their insights were pertinent to the
study.

Data were collected using face-to-face interviews (qualitative methodology) from October
2023 to January 2024. These interviews were semi-structured, combining open-ended questions
with a few close-ended questions related to demographics such as age, education, and work
experience. Informed by a thorough review of relevant literature, this interview format allowed for
flexible and personalised responses that enhance comparative analysis (Kucirkova et al., 2021).
For thematic analysis, we followed the six-phase approach outlined by Braun and Clarke (2006):
(1) familiarising ourselves with the data through repeated reading of transcripts; (2) generating initial
codes by systematically coding interesting features across the entire dataset; (3) searching for
themes by collating codes into potential themes; (4) reviewing themes by checking if the themes
work in relation to the coded extracts and the entire dataset; (5) defining and naming themes by
ongoing analysis to refine the specifics of each theme; and (6) producing report with vivid extract
examples that relate back to the research question and literature. This rigorous process was
supported by NVivo software, which facilitated the organisation and analysis of the qualitative data.
The methodological rigour was further bolstered by having participants review the interview
transcripts and validate the findings, strengthening the study's validity, reliability, credibility, and
fidelity. Ethical standards were maintained through by securing of informed consent. Each author
played a specific role in enhancing the research's reliability and credibility: one person managed
the audio recording and took detailed notes, another person facilitated the discussions, while the
third person drafted the initial manuscript.

RESULTS AND DISCUSSION

Table 1 provides comprehensive background details for all six respondents who hail from various
companies. Their ages range from 28 to 65, and their education levels vary, including SPM
(33.33%), Diploma (33.33%), SKM (16.67%), and Degree (16.67%). Each respondent has between
5 and 15 years of experience working with tractors.

Table 1. Background details of 6 respondents.

Respondents Age Education Years of working
with tractors
1 65 SPM 15
2 40 Diploma 10
3 34 SPM 6
4 43 SKM 12
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Table 1. (continued)

Respondents Age Education Years of working
with tractors
28 Degree 5
31 Diploma 7

Table 2 presents the results of the thematic analysis, which identifies key themes based on
the respondents' answers. The researcher derived codes to categorise identical responses. Two
broad themes emerged from this analysis: challenges in mechanisation practices and strategies for

cost reduction.
Table 2. Semi-structured interview illustrative quotes by themes.

Theme Subtheme Code Interview transcript Respondent
Challenges for Human factors Stubborn drivers  “Drivers who do not listen R1, R2, R3, R6
mechanisation or are stubborn to follow
practices instructions.”

Technical issues Component “Tractor component R3
failure suddenly broke down.”

“Working in the rainy
season, many components R2
will get damaged.”

“The tractor mechanic did R1
not take any action against

the damage to the tractor

because of daily checking.”

Lack of action
from mechanics

Maintenance and
repair issues

Maintenance “Many things to remember R5
overload and take care of and need
to balance time for tractor
maintenance.”
Environmental Exhaust “Carbon emissions from R2, R3
impact emissions tractors affect the ozone
layer.”
“The air filter on the R4

exhaust side is always
clean to ensure the smoke
is not too black.”

Operational Complex work “I cannot work quickly R4
complexity components because many
components need to be
taken care of.”
Strategies to reduce  Regular Weekly “We make sure to check all R1
cost maintenance equipment our equipment every week
checks carefully.”
Routine “Regular check-up keeps R1, R2, R3, R4,
inspections our tractors working well.” R5, R6
“By routinely inspecting our
tractor each morning, | can
catch any issue like fluid R1,R2, R3

leaks or tyre wear before
they turn into bigger, more
expensive problems.”
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Table 2. (continued)

Scheduled “I manage a fleet of R4, R5
checks tractors and have found
that keeping a strict
schedule for checking
engine performance and
hydraulic systems can
substantially lower
operational costs.”
Immediate “Repair directly if there is R6
repairs any leaking. Ensure the
grease oil does not dry out
to avoid damage. Always
add radiator water.”
Timely service Regular “l do regular maintenance R1
maintenance (service every 250-hr
interval usage)”.
Bi-monthly “Do regular service every R2, R3, R4
servicing two months.”
Lubricant oil “I change the lubricant oil R5, R6
changes every six months,
depending on the tractor's
work.”
Driver behaviour Skilled driver “Driver attitude affects to R1
ensure that a good tractor
needs to be operated by a
good driver.”
“To reduce tractor costs,
choose a good driver to R3
operate the tractor.”
Road conditions Good road “Ensure the road surface is
maintenance in good condition to reduce R1
tractor damage.”
Avoiding “Avoid using damaged
damage roads roads to ensure the R5

components are in good
condition.”

Challenges in operating or practising mechanisation in Malaysia

While mechanisation of agricultural practices offers numerous benefits, it also presents many
challenges that can impede efficiency and sustainability. Drawing insights from interviews with the
respondents, it becomes evident that these challenges are multifaceted and deeply intertwined,
affecting various aspects of agricultural mechanisation.

Human factors

One of the most prominent issues highlighted by respondents revolves around human factors,
specifically some drivers' resistance to operating instructions. Four respondents (R1, R2, R3, and
R6) noted that this stubbornness can lead to operational inefficiencies and safety risks. This finding
reveals an underlying organizational and training issue that extends beyond simple technical



48 Mohamad Syazwan Rizal et al. / Borneo Akademika (2025) Vol. 9, No. 2

problem. As Parasuraman and Manzey (2010) discussed, the anticipated benefits of automation,
such as increased efficiency and improved safety, can be negated by human performance costs
due to maladaptive use of automation.

The prevalence of this issue among multiple respondents suggests a systemic problem
within Malaysian agricultural operations rather than isolated incidents. This resistance may stem
from traditional practices, inadequate training, or cultural factors that influence how operators
engage with newer technologies. The interconnection between human factors and other challenges
demonstrates how addressing one area in isolation is unlikely to yield comprehensive
improvements.

Technical issues

Technical issues, including mechanical failures and weather damage, constitute another significant
challenge category. Respondent R3 described abrupt tractor component problems, while
respondent R2 stressed mechanical damage during rainy season. These points demonstrate the
necessity for stronger, weather-resistant designs and greater pre-emptive maintenance to ensure
uninterrupted functioning.

The Malaysian climate presents unique challenges for agricultural machinery, with high
humidity and seasonal heavy rains creating conditions that accelerate wear and corrosion. This
environmental factor differentiates Malaysia from other temperate regions, requiring specialized
approaches to machinery design and maintenance. Kubacka et al. (2022) stressed the importance
of risk analysis in addressing equipment failures across settings, suggesting that similar tactics
could improve agricultural machinery reliability. In their recommendation for better agricultural
designs and maintenance, Kolisetty and Rao (2022) emphasised recognising problems and
building durable systems.

Maintenance and repair

Maintenance and repair challenges further compound the difficulties faced in mechanisation.
Respondent R1 described mechanics' lack of timely action / delaying repairs, suggesting a broader
issue with the maintenance culture within agricultural operations. Additionally, respondent R5
pointed out the overwhelming nature of maintenance tasks, indicating a potential overload that
could lead to negligence or oversight.

These issues reflect both resource constraints and knowledge gaps within the Malaysian
agricultural sector. Limited access to skilled mechanics, especially in rural areas, creates
bottlenecks in the repair process. Furthermore, the complexity of modern agricultural machinery
requires specialized knowledge that may not be widely available. Silveira et al. (2020) supported
these observations by providing insights into systematic maintenance practices for agricultural
tractors. They stressed the importance of adopting proactive maintenance strategies to effectively
address these challenges, ensuring smoother operational flows and enhancing equipment
reliability.

Environmental impacts

Environmental concerns pose a significant challenge, particularly the impact of exhaust emissions
from traditional fuel tractor power systems on the ozone layer, as highlighted by respondents R2
and R3. These emissions, including carbon monoxide, carbon dioxide, hydrocarbons, and nitrogen
oxides, are major sources of environmental pollution (Feng, 2024). The diligent effort to maintain
clean air filters to reduce black smoke, as noted by respondent R4, exemplifies a proactive
approach to mitigating environmental damage. Yet, it also reflects the ongoing challenge of
balancing operational efficiency with environmental responsibility.

This awareness of environmental impacts among respondents demonstrates an evolving
consciousness regarding sustainability in Malaysian agriculture. However, the practical
implementation of environmentally friendly practices faces economic and technical barriers. The
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transition to cleaner technologies requires significant investment and infrastructure development
that may be beyond the reach of many smallholders. Zulkifli, Ong, and Sheikh Zain (2021)
suggested that while mechanisation drives economic growth, it concurrently escalates
environmental pressures, challenging the sustainability of agricultural practices.

Operational complexity

Finally, respondent R4 highlighted operational complexity involving the intricate care required for
numerous components that slow down work, underscores the urgent need for simplifying machinery
operations. This complexity impedes the pace of work and complicates operator task management.
The cognitive load placed on operators who must simultaneously manage multiple complex
systems can lead to errors, inefficiencies, and safety risks. This challenge is particularly acute for
operators with limited formal education or training, who may struggle to effectively manage
sophisticated equipment. The study by Daum et al. (2023) emphasised the constraints in
mechanisation, particularly challenges in ensuring that tractor operators and technicians develop
the necessary skills. Takeshima et al. (2015) pointed out that mechanisation services are often
limited by economies of scale, seasonality, restricted mobility, and varied input quality, all of which
add layers of complexity for operators in managing tractors effectively.

Methods for reducing tractor cost among stakeholders in Malaysia

The interview's qualitative data reveals several strategies to reduce tractor operation costs. These
strategies are categorised into routine checks, timely service, driver behaviour, and road surface
conditions—each contributing significantly to cost efficiency.

Regular maintenance and inspections

Tractor performance requires a complete maintenance schedule, according to respondents R1, R2,
and R3. Daily inspections and weekly equipment check find and rectify fluid leaks and tyre wear
before they develop into major problems. These preventive measures not only extend the lifespan
of equipment but also optimize operational efficiency. All six respondents emphasised the
importance of routine inspections, indicating a clear consensus on this strategy's value.

The emphasis on scheduled maintenance reflects an understanding on the relationship
between preventive care and long-term cost reduction. By implementing systematic check-ups for
engine performance and hydraulic systems, as noted by respondents R4 and R5, operators can
identify potential issues before they result in costly breakdowns or decreased performance. This
proactive approach transforms maintenance from a reactive necessity to a strategic investment.

Chen et al. (2022) reinforced this finding, noting that regular maintenance significantly
improves fuel efficiency and reduces harmful emissions. Additionally, respondent R6 stressed that
emergency repairs are part of routine maintenance, mentioning the necessity to correct leaking
fluids and supply grease and oil to prevent further damage. These immediate interventions prevent
cascading failures that could lead to more extensive and expensive repairs, while also protecting
the environment from contamination due to fluid leaks (Dudley et al., 2022).

Timely service

As detailed by respondents who advocate for regular maintenance intervals (R1, R2, R3, R4),
scheduled service routines are critical for maintaining tractor efficiency, including service every 250
hours of usage and bi-monthly service routines. Adherence to these consistent maintenance
schedules is pivotal in preventing unexpected breakdowns and extending the lifespan of tractors
(Nordal & EI-Thalji, 2021). Furthermore, respondents R5 and R6 underscored the importance of
tailoring lubricant changes to the tractor’s workload. Implementing regular changes of lubricant oil,
typically every six months based on usage is crucial for sustaining engine health and efficiency.
This practice prevents engine wear and reduces emissions (Hazrat et al., 2015).
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Driver behaviour

According to interviews, driver behaviour significantly affects operational costs, with respondents
R1 and R3 agreed that skilled and conscientious drivers operate machines more efficiently and
prevent excessive wear and tear. This human factor in cost management which includes
behavioural and skill components extends beyond technical maintenance aspect.

The emphasis on driver skills reveals the interconnected nature of machinery operation and
maintenance costs. Even well-maintained equipment can suffer premature wear or damage with
improper operation. This finding connects back to the human factors challenge identified earlier,
suggesting that operator training and behaviour is a critical component of cost reduction strategies.
Fargnoli et al. (2018) found that drivers' tilt angle estimation accuracy and perception are crucial to
prevent tractor accidents. This research emphasised the need for skilled and attentive drivers to
reduce not only maintenance expenses but also safety risks and other associated costs. The
relationship between skills development, safety, and cost efficiency creates a compelling case for
investing in comprehensive operator training programs.

Road conditions

Good road conditions emerge as an often-overlooked factor affecting maintenance expenses.
Respondents R1 and R5 indicated that maintaining good road surfaces and avoiding damaged
roads reduce stress on tractor components, increasing their lifespan and minimizing the frequency
and severity of repairs.

This finding highlights the importance of infrastructure quality in agricultural mechanization
costs. Poor road conditions create vibration, shock, and stress that accelerate wear on multiple
tractor systems, from suspension components to engine mounts. The relationship between
infrastructure and equipment maintenance costs demonstrates how agricultural mechanization
challenges extend beyond the equipment itself to encompass the broader operational environment.
West et al. (2020) emphasised relational thinking and leverage points in sustainability research,
highlighting the necessity to consider road conditions to promote sustainable reforms. Similarly,
Barnes (2016) emphasised the need for infrastructure upkeep, stating that tractors and other
machinery require good road conditions for optimal performance and longevity. Road conditions
also affect agricultural produce transportation, demonstrating the link between road quality and
farming efficiency (Steyn et al., 2015).

CONCLUSION AND RECOMMENDATION

This study has systematically examined the multifaceted challenges faced in the field of
mechanisation of agriculture in Malaysia, highlighting the significant financial and environmental
impacts of tractor maintenance and operation. Qualitative interviews with various stakeholders have
revealed key concerns, including inefficiencies in maintenance practices, resistance to adopting
new operational methods, and significant environmental impacts of tractor emissions. These factors
impede the sustainability and cost-effectiveness of agricultural mechanization, underscoring the
urgent need for improved maintenance strategies, enhanced operator training, and adoption of
environmentally sustainable practices.

The research findings have significant implications for policy development and practical
implementation in Malaysian agriculture. By identifying the interconnections between human
factors, technical issues, maintenance practices, and environmental concerns, this study provides
a comprehensive framework for addressing mechanisation challenges. The cost reduction
strategies identified—regular maintenance, timely service, employment of skilled driver, and road
condition management—offer practical approaches that can be implemented at various scales,
from individual farmers to large agricultural enterprises.

Recommendations from this study include:

1. Develop a more structured and systematic approach to tractor maintenance that
emphasises preventative measures to reduce downtime and minimise operational costs,
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including standardised maintenance protocol tailored to Malaysian conditions and ensuring
the protocol is accessible to farmers with varying levels of technical expertise.

2. Implement regular training programmes for mechanics and operators to ensure proper
handling and upkeep of machinery. These programmes should address both technical skills
and environmental awareness, promoting a holistic approach to sustainable mechanisation.

3. Encourage the adoption of newer, more environmentally friendly technologies, such as
electric tractors or those with improved fuel efficiency. This transition should be supported
by appropriate policies, incentives, and infrastructure, ensuring these technologies are
accessible to all stakeholders.

4. Develop collaborative maintenance networks that allow smallholders to access high-quality
maintenance services at affordable costs. These networks could include shared mechanics,
mobile repair units, and community-based maintenance facilities.

5. Integrate road infrastructure planning with agricultural mechanisation strategies to ensure
that farm access roads are designed and maintained to minimise equipment damage and
operational costs.

These recommendations can guide policy makers, agricultural extension services, and
farmers in developing more sustainable and cost-effective approaches to agricultural
mechanisation in Malaysia. By addressing both the technical and human aspects of mechanisation
challenges, stakeholders can enhance productivity while reducing environmental impacts,
contributing to the long-term sustainability of Malaysian agriculture.

Future research should focus on quantifying the economic and environmental benefits of
these strategies, exploring the potential of emerging technologies for Malaysian agriculture, and
developing context-specific implementation frameworks that account for the diverse conditions
across Malaysia's agricultural regions.
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