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This study investigates the economic feasibility of using modern
agricultural machinery in oil palm plantations in South Sumatra. A
quantitative approach was employed, involving 40 samples collected
through a structured questionnaire utilizing a Likert scale from 1 to 5.
The data were analyzed using SPSS version 26, focusing on key
economic indicators such as production efficiency, cost savings, and
profitability. The results revealed strong positive and significant
relationships between the use of modern machinery and all three
economic indicators. The findings suggest that modern agricultural
machinery significantly enhances economic performance in oil palm
plantations, making it a viable investment for improving productivity
and profitability. These insights provide valuable guidance for
plantation owners and policymakers in promoting the adoption of
advanced agricultural technology in the region.

This is an open access article under the CC BY-SA license.

Corresponding Author:

Name: Loso Judijanto
Institution: IPOSS Jakarta
Email: losojudijantobumn@gmail.com

Journal homepage: https://wsj.westscience-press.com/index.php/wsa


https://creativecommons.org/licenses/by-sa/4.0/
mailto:losojudijantobumn@gmail.com

West Science Agro

3 100

1. INTRODUCTION

The expansion of oil palm plantations
in South Sumatra, Indonesia, has necessitated
the adoption of more efficient agricultural
practices to enhance productivity and
maintain economic viability. Traditionally
reliant on manual labor, the industry faces
challenges such as high operational costs and
lower productivity due to labor-intensive
processes. The integration of modern
agricultural machinery presents a promising
solution to these challenges. Research
indicates that the use of mechanization in oil
palm cultivation can significantly improve
efficiency and profitability. For instance, the
introduction of machinery for tasks such as
harvesting and transportation can reduce
labor costs and increase the speed and
precision of operations [1]. This shift not only
enhances productivity but also addresses
labor shortages, a common issue in the region
[2]. Moreover, the adoption of precision
agriculture technologies, such as drones and
GPS-guided equipment, can optimize
resource use, including fertilizers and water,
thereby improving yield and reducing
environmental impact [3]. These technologies
enable more precise application of inputs,
which can lead to better crop management
and higher productivity. However, the
transition to mechanized practices is not
without challenges. Initial investment costs
for machinery and technology can be
substantial, posing a barrier for smallholder
farmers who dominate the sector [4].
Additionally, there is a need for training and
capacity building to ensure that workers can
effectively operate and maintain new
equipment [5].

The introduction of modern
agricultural machinery in oil palm plantations
presents a complex scenario with potential
benefits and challenges. Proponents of
advanced technology in agriculture argue that
such machinery can significantly increase
productivity by automating labour-intensive
processes, thereby reducing reliance on
manual labour and potentially lowering
production costs. This perspective is
supported by research showing that

mechanisation can result in more efficient
harvesting and processing, which is crucial in
maintaining competitive production levels in
the global market [6], [7]. However, the
economic feasibility of adopting modern
machinery in oil palm plantations is still
debatable. The high initial investment
required to purchase and implement
advanced machinery is a significant barrier,
especially for smallholders who may lack the
necessary capital [8]. Furthermore, the
maintenance and operation of such
machinery in tropical environments is also a
challenge. Humid and often harsh conditions
can lead to increased wear and tear, requiring
frequent repairs and specialised maintenance,
which can add to operational costs [9].

In addition, there are concerns
regarding the adaptability of modern
machines to the specific needs of oil palm
plantations. The unique characteristics of
these plantations, such as planting density
and terrain properties, may not be fully
compatible with standard machinery,
requiring  further = customisation and
investment [10]. This raises questions
regarding the long-term sustainability and
cost-effectiveness of mechanisation in this
context. In conclusion, while the adoption of
modern agricultural machinery in oil palm
plantations offers promising improvements in
terms of productivity and efficiency, its
economic viability remains uncertain due to
high initial costs, maintenance challenges, and
the need to adapt to local conditions. A
balanced approach that considers both the
potential benefits and limitations is essential
for making informed decisions regarding
mechanisation in oil palm plantations.
Further research and development tailored to
the specific needs of these plantations can
help mitigate some of these challenges and
improve the viability of mechanisation [6]-
[10]. Therefore, it is essential to conduct a
comprehensive analysis to determine whether
the benefits of using modern agricultural
machinery outweigh the costs and challenges
associated with its implementation. This
study aims to analyze the economic feasibility
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of using modern agricultural machinery in oil
palm plantations in South Sumatra.

2. LITERATURE REVIEW

2.1 Modern Agricultural Machinery
and Productivity

The use of modern agricultural
machinery has been shown to significantly
enhance productivity in various crop sectors,
including oil palm plantations. This
improvement is primarily due to the
machinery's ability to facilitate more efficient
and timely agricultural practices. In the
context of oil palm plantations, the
deployment of advanced machinery such as
mechanical harvesters, tractors, and sprayers
can streamline the harvesting process, reduce
crop wastage, and improve overall plantation
management. Research indicates that the
adoption of mechanical harvesters in oil palm
plantations can lead to a substantial increase
in yield by minimizing the time and labor
required for harvesting, thus allowing for
more frequent and efficient collection of ripe
fruit bunches [6]. Tractors and sprayers
further contribute to productivity by enabling
precise application of fertilizers and
pesticides, which enhances plant health and
yield [11]. These technologies also reduce the
physical strain on workers and lower the risk
of human error, which can lead to crop losses
[12]. However, the effectiveness of these
technologies is highly dependent on their
suitability to the specific conditions of the
plantation. Factors such as soil type, terrain,
and climate play a crucial role in determining
the appropriateness of machinery. For
instance, heavy machinery may not be
suitable for plantations with soft or uneven
terrain, as it can lead to soil compaction and
erosion, negatively impacting plant growth
[11]. Additionally, the climate can affect the
performance and maintenance requirements
of machinery, necessitating adaptations to
ensure optimal functionality [13].

2.2  Economic  Feasibility  of
Agricultural Machinery

The economic feasibility of adopting
modern agricultural machinery in developing
countries, particularly in oil palm plantations,

hinges on a thorough cost-benefit analysis.
This analysis is crucial as it evaluates the
initial capital investment against potential
long-term savings and efficiency gains. In the
context of oil palm plantations, where labor
costs are a significant expense, machinery
adoption can lead to substantial operational
cost reductions. Research conducted in
Malaysia and Thailand highlights the
potential benefits of mechanization in oil
palm plantations. These studies demonstrate
that while the initial costs of purchasing and
maintaining machinery are high, they are
often offset by savings in labor costs and
increased  productivity. For instance,
mechanization can reduce the reliance on
manual labor, which is not only costly but also
subject to availability issues and variability in
performance [14], [15]. Moreover, the
adoption of machinery can enhance the
efficiency of operations, leading to higher
yields and better-quality produce. This is
particularly relevant in oil palm plantations,
where timely and efficient harvesting is
critical to maintaining oil quality and
maximizing output [16]. The studies from
Malaysia and Thailand provide empirical
evidence that mechanization can lead to a
more streamlined production process,
reducing waste and improving overall
profitability [17]. However, the feasibility of
machinery adoption is not without
challenges. The high upfront costs can be
prohibitive for small-scale farmers, and there
is a need for supportive policies and financing
options to facilitate access to modern
machinery. Additionally, training and
maintenance are essential to ensure that the
machinery is used effectively and sustainably
[18]. In conclusion, while the initial
investment in modern agricultural machinery
is significant, the long-term benefits in terms
of labor savings and increased efficiency
make it a viable option for oil palm
plantations in developing countries. A
comprehensive cost-benefit analysis,
supported by empirical evidence from studies
in Malaysia and Thailand, underscores the
potential economic advantages of
mechanization, provided that the necessary
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support systems are in place to overcome
initial barriers [14], [16], [18].

2.3 Factors Influencing the Adoption
of Modern Machinery

The decision to adopt modern
agricultural machinery is multifaceted,
influenced by factors such as plantation size,
capital availability, and technical expertise.
Larger plantations are more inclined to adopt
modern machinery due to economies of scale,
which allow them to distribute the high fixed
costs over a larger production area, as noted
by [7]. This is supported by research
indicating that larger operations can better
absorb the financial burden of machinery
investment, thus enhancing their productivity
and efficiency [7]. The availability of skilled
labor is another critical factor in the successful
adoption of modern machinery. Skilled
operators are essential for maximizing the
benefits of advanced equipment, as they can
effectively manage and maintain complex
systems, reducing downtime and repair costs
[19]. This aligns with the findings of Hossain,
who emphasizes the importance of technical
expertise in the adoption process. Moreover,
the availability of capital is a significant
determinant. Access to financial resources
enables farmers to invest in modern
machinery, which can lead to increased
productivity and profitability. Financial
constraints, however, can hinder the adoption
process, particularly for smaller farms that
may struggle to secure the necessary funding
[20]. This financial barrier is often mitigated
by government subsidies or financial
assistance programs, which can encourage the
adoption of modern technologies by reducing
the initial investment burden [21].
Additionally, the scale of the plantation plays
a crucial role. Larger plantations not only
benefit from economies of scale but also have
more resources to invest in training and
maintenance, ensuring that the machinery is
used effectively and efficiently [9]. This
comprehensive  approach to adoption
highlights the interconnectedness of financial,
technical, and operational factors in the
decision-making process. In conclusion, the
adoption of modern agricultural machinery is

influenced by a combination of plantation
size, capital availability, and technical
expertise. Larger plantations are better
positioned to leverage these factors,
facilitating the integration of advanced
technologies into their operations. However,
overcoming financial and technical barriers
remains essential for broader adoption across
different scales of agricultural enterprises.

2.4 Challenges and Barriers to
Adoption

The adoption of modern agricultural
machinery in oil palm plantations is hindered
by several challenges, with the high upfront
cost being a significant barrier, particularly
for small and medium-sized enterprises
(SMEs). This financial constraint limits the
ability of these plantations to invest in
advanced technologies that could enhance
productivity and efficiency [7], [8]. One of the
primary issues is the substantial initial
investment  required for  purchasing
machinery, which can be prohibitive for
smaller operations that lack the capital
reserves of larger enterprises. This financial
barrier is compounded by the limited access
to credit and financing options tailored to the
agricultural sector, making it difficult for
SMEs to secure the necessary funds to invest
in modern equipment [10], [22]. Additionally,
the lack of technical expertise and skilled
labor to operate and maintain advanced
machinery  poses  another  significant
challenge. Many plantations face difficulties
in training their workforce to effectively use
new technologies, which can lead to
underutilization of machinery and reduced
return on investment [8], [23]. This skills gap
is exacerbated by the rapid pace of
technological advancement, which requires
continuous learning and adaptation by the
workforce [10]. Furthermore, the
infrastructure in many oil palm growing
regions is often inadequate to support the
deployment and maintenance of modern
machinery. Poor road conditions and limited
access to repair services can lead to increased
downtime and maintenance costs, further
discouraging investment in new technologies
[7], [23]. To overcome these barriers, it is
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essential to develop targeted financial
products and incentives that can alleviate the
initial cost burden for SMEs. Additionally,
investing in training programs to build a
skilled workforce and improving
infrastructure in key agricultural regions can
facilitate the adoption of modern machinery.
Collaborative efforts between government,
industry  stakeholders, and  financial
institutions are crucial to address these
challenges and promote the sustainable
development of the oil palm sector [8], [10],
[22].

2.5 Economic Impact of Modern
Machinery on Oil Palm Plantations

The economic impact of modern
agricultural ~machinery on oil palm
plantations, particularly in Southeast Asia,
has been a focal point of several studies. The
integration of modern machinery has been
shown to significantly reduce production
costs and enhance profitability. For instance,
research by [11] highlights that mechanization
in oil palm plantations leads to labor cost
savings and increased operational efficiency,
which are crucial for maintaining competitive
advantage in the global market. Similarly, [20]
emphasize that the adoption of advanced
machinery not only reduces manual labor but
also improves the precision and quality of
palm oil production, thereby enabling
producers to command higher market prices.
Moreover, the study by [9] supports these
findings by demonstrating that technology
integration in oil palm plantations enhances
yield quality and quantity, contributing to
better economic outcomes for producers.
However, the economic benefits of
mechanization are contingent upon the
effective integration of these technologies into
existing agricultural practices. This requires a
strategic approach to ensure that machinery
complements rather than disrupts traditional
farming  methods.  Additionally, the
availability of skilled operators is critical, as
highlighted by [8], who note that the lack of
trained personnel can hinder the full
realization of mechanization benefits. Despite
the positive economic implications, there are
challenges associated with the adoption of

modern machinery. These include the initial
capital investment required and the potential
for increased maintenance costs, which can
offset some of the financial gains if not
managed properly [24]. Furthermore, the
transition to mechanized systems may face
resistance from labor forces due to potential
job displacement, necessitating policies that
support workforce retraining and adaptation.

2.6 Theoretical Framework

The adoption of modern agricultural
machinery can be understood through the
lens of the In the context of oil palm
plantations, the adoption of modern
machinery is significantly influenced by
perceived economic benefits, aligning with
the Technology Acceptance Model (TAM) and
the Diffusion of Innovations theory. The
perceived ease of use and usefulness, as
posited by TAM, are crucial in determining
the adoption of technology. Plantation
owners are likely to consider the cost savings
and increased productivity that modern
machinery offers as key factors in their
decision-making process. This is supported
by research indicating that economic benefits,
such as reduced labor costs and enhanced
efficiency, are primary motivators for
adopting new technologies in agricultural
settings [25]. Furthermore, the Diffusion of
Innovations theory suggests that the rate of
adoption is influenced by the relative
advantage of the technology, its compatibility
with existing practices, and the observability
of its benefits. In oil palm plantations, the
relative advantage is evident in the form of
increased yield and reduced operational costs,
which  are critical for maintaining
competitiveness in the market [26].
Compatibility with existing practices is also a
significant factor, as plantation owners are
more likely to adopt machinery that integrates
seamlessly with their current operations,
minimizing disruption and maximizing
efficiency [27]. Observability, or the ability to
see the benefits of the technology in action,
further accelerates adoption. When plantation
owners witness tangible improvements in
productivity and profitability from peers who
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have adopted modern machinery, they are
more inclined to follow suit [28].

3. METHODS

3.1 Research Design

A quantitative research approach was
selected to assess the impact of modern
agricultural machinery on the economic
performance of oil palm plantations. This
approach allows for the systematic collection
and statistical analysis of numerical data,
facilitating the identification of significant
relationships between variables. The study's
objective is to determine whether the use of
modern machinery positively influences key
economic indicators such as productivity, cost
efficiency, and profitability.

3.2 Population and Sample

The population for this study
comprises oil palm plantation owners and
managers in South Sumatra who have either
adopted or are considering adopting modern
agricultural machinery. From this population,
a sample of 40 respondents was selected using
a purposive sampling technique. This non-
probability sampling method was chosen to
ensure that the respondents have relevant
experience and knowledge about the use of
modern machinery in oil palm plantations,
thereby providing meaningful insights into
the research questions.

3.3 Data Collection

Primary data were collected through
a structured questionnaire designed to
capture respondents' perceptions of the
economic feasibility of wusing modern
agricultural machinery. The questionnaire
was divided into sections covering various
aspects of economic feasibility, including
production efficiency, cost savings, and
overall profitability. Respondents were asked
to rate their level of agreement with each
statement on a five-point Likert scale, where 1
represents "strongly disagree" and 5
represents "strongly agree." This scale was
selected to quantify the respondents’ attitudes
and perceptions toward the use of modern
machinery.

3.4 Data Analysis

The collected data were analyzed
using SPSS version 26, a statistical software
package widely utilized in social science
research for data management and analysis.
The analysis process involved several key
steps. First, descriptive statistics, including
means, standard deviations, and frequencies,
were calculated to provide an overview of the
sample's characteristics and the distribution
of responses. Next, the internal consistency of
the questionnaire items was assessed using
Cronbach's Alpha, with a value of 0.70 or
higher considered acceptable for ensuring the
reliability of the measurement scales. Pearson
correlation coefficients were then computed
to examine the relationships between the use
of modern agricultural machinery and the
economic indicators under study, helping to
identify the strength and direction of the
associations between variables. Finally,
multiple regression analysis was conducted to
assess the impact of modern machinery on
economic performance, allowing for the
determination of the extent to which the
independent variable (modern agricultural
machinery) predicts the dependent variables
(production efficiency, cost savings, and
profitability).

4. RESULTS AND DISCUSSION

4.1 Descriptive Statistics

The demographic profile of the
respondents reveals key characteristics that
may influence their perceptions of the
economic feasibility of using modern
agricultural ~machinery in oil palm
plantations. The majority are middle-aged,
with 37.5% aged between 40 and 49 years and
30% between 30-39 years, indicating a
significant level of experience and decision-
making authority. Educationally, 35% hold a
Diploma or Associate Degree, 30% have a
Bachelor’'s Degree, and 10% possess a
Master’s Degree or higher, suggesting a well-
educated sample likely to understand and
adopt new technologies. Most respondents
(45%) have 5-10 years of experience in
managing plantations, contributing to
informed decision-making. Additionally, they
manage a diverse range of plantation sizes,

Vol. 2, No. 03, August 2024: pp. 99-108



West Science Islamic Studies

3 105

with 32.5% overseeing 50-100 hectares and
27.5% managing 101-200 hectares, offering a
broad perspective on the economic feasibility
of machinery across different operational
scales.

The descriptive statistics provide an
overview of the respondents’ characteristics
and their perceptions of the use of modern
agricultural machinery. The mean scores for
the key indicators are summarized in Table 1.

Table 1: Descriptive Statistics of Key
Economic Indicators

Indicator Mean Stan'd a.r d
Deviation

Production | , 0.65

Efficiency

Cost Savings 4.10 0.70

Profitability 4.15 0.68

The results indicate that respondents
generally perceive the use of modern
agricultural machinery positively, with mean
scores above 4 on the Likert scale for all key
economic indicators. This suggests a strong
agreement among respondents that modern
machinery  contributes to  enhanced
production efficiency, cost savings, and
profitability in oil palm plantations.

4.2 Reliability Testing

The reliability of the measurement
scales was assessed using Cronbach's Alpha.
The results are presented in Table 2.

Table 2: Cronbach's Alpha for Key
Economic Indicators

Indicator Cronbach's Alpha
Pro.d.uctlon 0.822

Efficiency

Cost Savings 0.795

Profitability 0.817

All Cronbach's Alpha values are
above the acceptable threshold of 0.70,
indicating that the questionnaire items used
to measure the key economic indicators are
reliable and have good internal consistency.

4.3 Correlation Analysis

The Pearson correlation coefficients
were calculated to examine the relationships
between the use of modern agricultural

machinery and the key economic indicators.
The results are presented in Table 3.
Table 3: Pearson Correlation Coefficients

Producti
Cost 41
. on . Profitabili
Indicator .. Savin
Efficienc o ty
y
Modern .
Machine | 0.683** 9'652 0.703**
ry Usage

The correlation analysis reveals
strong and significant positive relationships
between the use of modern agricultural
machinery and the three economic indicators.
Specifically, the correlation coefficient
between modern machinery usage and
production efficiency is 0.683, indicating a
strong positive relationship. Similarly,
significant positive correlations were found
between modern machinery usage and cost
savings (0.652) and profitability (0.703). These
findings suggest that the adoption of modern
agricultural machinery is closely associated
with improved economic performance in oil
palm plantations.

4.4 Regression Analysis

Multiple regression analysis was
conducted to further explore the impact of
modern  agricultural = machinery  on
production efficiency, cost savings, and
profitability. The regression results are
summarized in Table 4.

Table 4: Regression Analysis Results

Dependent | Beta t- p-
Variable Coefficient | value value
P ;

roduction | ) o0, 5.101% | 0.000
Efficiency
Cost

. 0.534 4.755** | 0.000
Savings
Profitability | 0.605 5.302** | 0.000

The regression analysis indicates that
modern agricultural machinery significantly
predicts all three economic indicators. The
beta coefficients for production efficiency
(0.582), cost savings (0.534), and profitability
(0.605) are all positive and significant at the
0.01 level, confirming that modern machinery
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contributes  significantly to  enhanced
economic outcomes in oil palm plantations.

4.5 Discussion

The findings of this study align with
previous research that highlights the benefits
of adopting modern agricultural machinery in
enhancing agricultural productivity and
economic performance. The strong positive
correlations between machinery usage and
economic indicators such as production
efficiency, cost savings, and profitability
demonstrate that modern agricultural
machinery can play a pivotal role in
improving the economic viability of oil palm
plantations in South Sumatra.

The positive beta coefficients from the
regression analysis further suggest that the
use of modern machinery is a significant
predictor of economic success in oil palm
plantations. The argument that modern
machinery can lead to  substantial
improvements in plantation management and
profitability is supported by several research
findings from the provided abstracts. Firstly,
the study by [9]. highlights the role of
advanced machinery in enhancing the
efficiency of plantation operations. The
authors discuss how the integration of
modern technology in plantation
management can streamline processes,
reduce labor costs, and increase overall
productivity, thereby improving profitability.
This aligns with the broader understanding
that  technological
agriculture can lead to significant economic
benefits. Similarly, [29] emphasize the impact
of modern machinery on operational
efficiency in plantations. Their research
indicates that the adoption of new
technologies not only optimizes resource use
but also enhances the quality of the produce,
which can lead to higher market value and
increased profits. This supports the notion
that investment in modern machinery is a
strategic move for plantation managers
aiming to boost profitability. Furthermore, the
work of [30] provides evidence of the positive
effects of mechanization on plantation
management. The authors note that modern
machinery can facilitate better land

advancements in

management practices, improve crop yields,
and reduce the time required for various
agricultural tasks, all of which contribute to
improved financial outcomes for plantation
owners. Lastly, [31] discuss the economic
advantages of using advanced machinery in
plantations. Their findings suggest that the
initial investment in modern equipment is
offset by the long-term gains in efficiency and
profitability, as these technologies enable
more precise and effective management of
plantation resources.

However, it is important to
acknowledge the challenges associated with
the adoption of modern machinery, such as
the high initial investment costs and the need
for skilled operators. While these challenges
were not the primary focus of this study, they
represent important considerations for
plantation owners and policymakers aiming
to promote the widespread adoption of
modern agricultural technology.

5. CONCLUSION

The findings of this study confirm the
economic feasibility of wusing modern
agricultural machinery in oil palm plantations
in South Sumatra. The strong positive
correlations and significant regression results
indicate that the adoption of modern
machinery is associated with increased
production efficiency, cost savings, and
overall profitability. These results support the
notion that modern agricultural technology
can play a critical role in enhancing the
economic performance of the oil palm
industry.

The implications of this study are
significant for plantation owners, managers,
and policymakers. The evidence suggests that
investing in modern machinery not only
improves operational efficiency but also
contributes to the long-term sustainability
and competitiveness of the oil palm sector in
South Sumatra. However, it is important to
address the challenges related to the initial
costs and the need for skilled labor to
maximize the benefits of modern agricultural
technology.
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Future research could explore the
long-term impact of modern machinery on
environmental sustainability and labor
dynamics in the oil palm industry.
Additionally, further studies could examine

the role of government policies and incentives
in facilitating the broader adoption of modern
agricultural technologies across different
regions and crop sectors.
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