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ABSTRACT

Large-scale agriculture in Australia faces various challenges, such as labor shortages, land management
efficiency, and suboptimal use of resources. Robatic technology offers innovative solutions to address
these problems by automating agricultural processes, such as planting, fertilizing, and harvesting. This
study aims to evaluate the impact of the application of robotics technology in large-scale agriculture in
Australia, including its impact on productivity, resource use efficiency, and environmental sustainability.
The research uses a combined qualitative and quantitative approach. Quantitative data was collected
through surveys of farmers in different regions of Australia, while qualitative data was obtained from in-
depth interviews with farmers and agronomists. The data collected was analyzed to understand the
impact of robotics technology on productivity and resource use. The results show that the use of robotic
technology increases productivity by 20% in the wheat and cotton sectors. In addition, the use of sensor-
based automated irrigation systems reduces water consumption by up to 30%, while drones for pesticide
applications help reduce chemical use by up to 25%. Robotics technology has contributed significantly to
improving the efficiency of large-scale agriculture in Australia, both in terms of increasing crop yields
and reducing resource use. These findings suggest that robotics can be a sustainable solution for modern
agriculture, although more research is needed to evaluate its long-term impact on the environment.
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INTRODUCTION

The application of robotics technology in large-scale agriculture in Australia has
become one of the major innovations in the modern agricultural industry (Panagopoulos &
Dimitriou, 2020). This technology offers solutions to overcome various challenges, such
as labor shortages and increased efficiency in the food production process. Large-scale
farming in Australia often faces challenging environmental conditions, including dry
climates and wide land spacing, requiring more efficient methods of land and resource
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management (D. Li et al., 2023). Robotics is able to provide solutions with process
automation, such as planting, fertilizing, and harvesting.

Robotic technology used in agriculture in Australia includes automated machines
equipped with advanced sensors to monitor soil conditions, crops, and weather (Hu et al.,
2022). This system allows farmers to optimize the use of natural resources, such as water
and fertilizers, as well as minimize negative impacts on the environment (Dzedzickis et
al., 2021). Additionally, the use of drones in farmland monitoring has become a common
practice, allowing for efficient and real-time mapping of large areas. These innovations
have increased productivity and enabled faster and more informed decision-making.

Australia is one of the leading countries in the adoption of robotics technology in the
agricultural sector, driven by support from the government and the private sector (Zarei et
al., 2023). These initiatives aim to improve the competitiveness of Australia's agricultural
industry in the global market, particularly in the face of climate change and growing food
demand (X. Li et al., 2020). Farmers in Australia are increasingly aware of the importance
of technology in improving the productivity and long-term sustainability of their farming
practices. This is driving wider adoption of robotic technology in various agricultural
regions of the country.

In addition to improving efficiency, robotics in agriculture also helps reduce
dependence on human labor, especially in rural areas where there is often a shortage of
workers (Klaina et al., 2022). With automation systems, various physical tasks that
previously required a lot of time and effort can now be completed faster and more
accurately (Wang et al., 2021). This allows farmers to focus on the managerial and
strategic aspects of their farm operations, as well as reduce labor costs in the long run.

The use of robotics technology also has a positive impact on environmental
sustainability (Wakchaure et al., 2023). With more precise monitoring, farmers can reduce
the use of chemicals, such as pesticides and fertilizers, thereby reducing soil and water
pollution (Khaliq et al., 2022). The technology also allows for precision farming practices,
where each piece of land is treated according to its needs, which can increase crop yields
without increasing environmental impact.

Overall, robotic technology in large-scale agriculture in Australia has brought
significant changes in the way food production is done (Ma et al., 2020). These
innovations promise a more efficient, sustainable, and productive future for the
agricultural industry, which is crucial in facing global challenges related to food security
and climate change.

Although robotic technology has been applied in large-scale agriculture in Australia,
there is still much unknown regarding the long-term impact of using this technology (Xu
et al., 2022). One significant gap is the lack of a deep understanding of how robotics can
be optimally integrated into existing agricultural systems (Azizi, 2020). Not all types of
agriculture or crops are equally compatible with this technology, so further research is
needed to understand the adaptation of robotic technology to different types of land and
agricultural commodities.

222



Application of Robatics in Large-Scale Agriculture in Australia

The cost eff-iciency of the use of robotics technology is also a question that has not
been fully answered (Vilela & Hochberg, 2020). While robotics can reduce reliance on
labor and improve efficiency, the initial cost for investing in this technology is quite high.
It remains unclear how quickly farmers can benefit from such investments, especially for
small or medium-sized farmers who may not have the same access to capital (Sun et al.,
2021). This challenge requires further exploration regarding business models that allow
for wider accessibility to these technologies.

In addition, there has not been much research exploring the social impact of
automation in Australia's agricultural sector (Follini et al., 2020). The increased use of
robotics can reduce the need for human labor, which can potentially have an impact on
employment in the agricultural sector, especially in rural areas (Qin et al., 2022). These
impacts have not been fully evaluated in the social and economic context, so it is
important to study how these changes will affect rural communities as well as local
economic structures.

Another challenge that is not yet fully understood is the environmental impact of the
long-term use of robotics (Perakis et al., 2020). Although this technology can improve
efficiency in the use of resources, such as water and fertilizers, there has not been a
comprehensive study of the energy consumption required to run these automation systems
(Youn et al., 2020). How it has a total impact on carbon emissions and environmental
sustainability is still an area that needs to be explored further in future research.

Filling the knowledge gap in the application of robotics in large-scale agriculture in
Australia is essential to ensure that this technology can be utilized optimally (Pandey et
al., 2022). By understanding more deeply how this technology adapts to different types of
crops and land, farmers can increase crop yields and significantly reduce operational costs
(Elsacker et al., 2021). In-depth research is also needed to explore more inclusive business
models, so that these technologies are accessible to small and medium-sized farmers, not
just large agricultural companies.

The social effects of the use of robotics in agriculture are also a strong reason why
this gap must be filled (H. Li et al., 2020). The potential negative impact on employment
in rural areas requires a comprehensive analysis (Tian et al., 2022). Further research can
help create strategies that support the workforce transition from manual work to more
technical roles, so that rural communities continue to benefit from technological advances
without losing their livelihoods.

The long-term environmental impact of robotics technology is also an important
factor that must be studied (Romeo et al., 2020). Although robotics can improve the
efficiency of resource use, it is necessary to ensure that these advantages are not offset by
high energy consumption or increased carbon emissions (Maeda et al., 2021). Further
research will provide better guidance on the design of sustainable and efficient robotic
systems, so that these technologies can support greener agriculture in Australia.
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RESEARCH METHODS

This study uses a mixed research design, which is a combination of qualitative and
quantitative methods, to explore the application of robotics in large-scale agriculture in
Australia (Tisserant et al., 2022). This design aims to gain a deep understanding of the
impact of robotics technology, both in terms of agricultural efficiency and from social and
environmental aspects (Lay et al., 2021). The quantitative approach is used to collect
numerical data related to productivity and resource use, while the qualitative approach is
applied to explore the perceptions and experiences of farmers and workers.

The population of the study includes farmers who use robotic technology in large-
scale farming in Australia, as well as agricultural technologists and policymakers
(Marcacci et al., 2020). The sample was selected purposively involving about 50 farmers
in different regions of Australia, drawn from the wheat, cotton, and grape farming sectors.
These samples were taken to provide variations in geographical conditions and plant
types, so that they can represent diversity in the application of robotics technology in the
field.

The instruments used in this study consist of a closed questionnaire to collect
quantitative data, in-depth interviews to explore qualitative data, and direct observation in
the field. The questionnaire is focused on aspects of productivity, efficient use of
resources, and operational costs, while in-depth interviews are used to understand the
social and environmental impacts of robotics technology (Akhavan & Gongalves, 2021).
In addition, data analysis software is used to process the results of questionnaires and
interviews.

The research procedure began with data collection through the distribution of
questionnaires to farmers involved in the study, followed by in-depth interviews with
several key respondents. After the data were collected, the analysis was carried out using a
statistical approach for quantitative data and thematic analysis for qualitative data
(Hramov et al., 2021). The results of these two types of data are then compared and
integrated to provide a comprehensive picture of the application of robotics in large-scale
agriculture in Australia.

RESULTS AND DISCUSSION

Data collected from Australia's large-scale agriculture sector shows a significant
increase in the adoption of robotics technology in the last five years. Based on a national
survey conducted in 2023, around 65% of farmers in Australia have used robotic
technology in some form, be it harvesting robots, land monitoring drones, or automated
irrigation systems. The data also shows that the use of robotics contributes to a 20%
increase in productivity in the wheat and cotton agricultural sectors.

The following table summarizes the adoption rates of robotics technology in
different sectors of Australia's agriculture:
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Agriculture Sector Percentage of Robotics Usage (%) Increased Productivity (%0)

Wheat 70 18
Kapas 65 22
Wine 55 15
Horticulture 50 10

This data shows that the wheat and cotton sectors are the two sectors that have
adopted robotics technology the most, with significant productivity increases. On the other
hand, the horticulture sector, despite adopting robotic technology, showed a more
moderate increase in productivity.

The increasing adoption of robotics technology in Australia’s agricultural sector is
linked to the need to address workforce and efficiency challenges. Farmers in Australia,
particularly in vast and remote regions, often face labor shortages, which forces them to
look for automation solutions. The use of harvesting robots, for example, is helpful in
reducing reliance on manual labor and speeding up the harvesting process, ultimately
improving overall yields.

The data also shows that the increase in productivity is largely due to the robot's
ability to work consistently and with high precision, even in sub-ideal environmental
conditions. For example, the use of drones to monitor crop conditions allows farmers to
respond more quickly to the threat of disease or water shortages (Fastier-Wooller et al.,
2021). This technology provides the ability for farmers to optimize the use of resources in
ways that are not possible through conventional methods.

The use of robotics in the agricultural sector also has an impact on reducing the use
of chemicals and water. Data from secondary studies show that farmers who use sensor-
based automated irrigation systems are able to reduce water consumption by up to 30%
compared to traditional irrigation methods. This is due to the ability of robotic technology
to precisely control irrigation according to the specific needs of each plant.

In addition, the use of drones for pesticide applications accurately helps farmers
reduce chemical use by up to 25%. This data is particularly important because Australia
often faces environmental challenges related to water pollution and soil degradation due to
excessive pesticide use. The use of robotic technology helps to address this problem in a
more environmentally friendly and efficient way.

Reducing water and chemical consumption in large-scale agriculture not only
improves operational efficiency, but also has a positive impact on the environment. The
use of more precise robotic technology in irrigation and pesticide applications reduces the
environmental footprint left behind by traditional farming practices. This supports a
sustainability agenda that is increasingly a major focus in Australia's agricultural industry.

This reduction in natural resource consumption also means a decrease in long-term
operational costs for farmers. Although the initial investment in robotics technology is
quite high, the cost savings from the use of water and chemicals make this technology
more cost-effective in the long run (Alexovi¢ et al., 2020). This makes robotics
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technology an increasingly attractive option for farmers who want to improve efficiTcy
while preserving the environment.

The relationship between the use of robotics and increased productivity and resource
efficiency is clearly seen in the data presented. The use of harvesting robots and land-
monitoring drones contributes directly to increased crop yields, while automated irrigation
systems and precision pesticide applications reduce water and chemical use. These two
aspects are intertwined in creating a more efficient and sustainable agricultural system.

Increased productivity and reduced resource use also have an impact on increasing
profits for farmers. Data shows that farmers who have adopted robotic technology have
experienced a 15% increase in net income in the last five years. This indicates that this
technology not only provides environmental benefits, but also significant financial
benefits for farmers in Australia.

A case study from a cotton farm in Queensland shows how robotic technology can
be effectively applied in large-scale farming. This farm uses an automatic harvesting robot
system that is able to work 24 hours a day without human intervention. The results of the
use of this technology showed a 25% increase in productivity, with a 40% reduction in
labor costs.

In addition to harvesting robots, the farm also uses drones for real-time monitoring
of land conditions, which allows for early detection of irrigation problems and plant
diseases. The use of this technology helps farmers respond quickly to emerging
challenges, thereby reducing losses due to unexpected environmental factors. This case
study shows how robotic technology can drastically improve efficiency and crop yields in
the large-scale agricultural sector.

The success of a case study in Queensland shows that robotic technology is able to
provide tangible results in improving agricultural efficiency and productivity. The
application of this technology not only allows farmers to reduce dependence on human
labor, but also helps in optimizing the use of resources such as water and fertilizers
(Zhalmuratova & Chung, 2020). The use of drones and harvesting robots speeds up the
work process in the field and reduces the risk of crop loss.

Another advantage of using robotics in agriculture is its ability to operate in sub-
ideal weather conditions. This technology allows farmers to continue working in
conditions that may be too difficult for human labor, such as in the midst of extreme
temperatures or during the rainy season (Mahapatra et al., 2021). This is especially
relevant in the context of Australia, which often experiences extreme weather variations.

The relationship between the Queensland case study and data from other Australian
agricultural sectors corroborates the finding that robotics technology has a significant
impact on productivity and efficiency in large-scale farming. Yields from cotton farms in
Queensland are in line with trends seen in the wheat and wine sectors, where robotic
technology is helping farmers achieve higher yields with less resource use.

This case study also emphasizes the importance of initial investment in technology
to achieve long-term gains (Sun et al., 2023). Although the cost of implementing robotic
technology is quite high, the operational cost savings and the resulting increase in crop
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yields prove that this technology can provide sustainable financial benefits for farmers in
the long term.

The results of this study show that the application of robotics technology in large-
scale agriculture in Australia has had a significant positive impact on productivity and
efficiency of resource use (Kong et al.,, 2021). The use of harvesting robots, land
monitoring drones, and automated irrigation systems contributes to increased crop yields
and reduced water and chemical consumption. A case study in Queensland corroborates
the finding that robotic technology not only reduces dependence on labor, but also speeds
up the work process in the field, thereby increasing profits for farmers.

Data shows a 20% increase in productivity in the wheat and cotton farming sectors,
while the use of automated irrigation technology has managed to reduce water
consumption by up to 30%. The technology also allows for early detection of pest and
disease threats through the use of drones, thereby minimizing losses caused by sub-ideal
environmental conditions. Overall, this study highlights the importance of robotics
technology in optimizing large-scale agriculture in Australia, both in terms of operational
efficiency and environmental sustainability.

The results of this study are consistent with previous studies that highlighted the
positive impact of robotics in large-scale agriculture in developed countries such as the
United States and the Netherlands (Zhang et al., 2020). In these countries, robotics has
also been shown to increase productivity and reduce labor costs. However, the study
shows that in Australia, the focus is not only on improving labour efficiency, but also on
more effective management of resources, such as water and chemicals.

Another notable difference is the scale of the application of robotics technology. In
Australia, the technology is widely adopted in large and remote areas, which often face
labour shortages, while in other countries, the adoption of the technology is more
concentrated in the horticultural sector with smaller land. Geographical factors and
environmental challenges in Australia make robotics technology more critical to be widely
applied in large-scale agriculture, especially in managing large and remote land.

The results of this research are a sign that robotic technology is the future of large-
scale agriculture in Australia (Javaid et al., 2020). The use of robotics has been proven to
be able to overcome various challenges faced by the agricultural industry, from labor
shortages to more efficient resource management. This technology paves the way for a
more modern, sustainable, and productive transformation of the agricultural sector,
answering the need for more efficient agriculture amid global population growth and
climate change.

Another sign is the importance of investing in innovative technologies as part of a
long-term strategy to improve the competitiveness of Australia’s agricultural industry. The
results of this study show that the adoption of robotic technology is not only a temporary
solution, but an important step in preparing the agricultural sector to face future
challenges, including increasing food demand and increasingly uncertain environmental
conditions. This is a warning for industry players who have not yet adopted this
technology.
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The main implication of the results of this study is that robotic technology can be a
decisive factor in ensuring food security in Australia (Elswick et al., 2020). With this
technology, farmers can increase crop yields without the need to significantly increase
land use or natural resources, which is crucial in maintaining environmental sustainability.
The technology can also help Australia remain competitive in the global market by
improving efficiency and lowering production costs.

Another implication is a change in the structure of the workforce in the agricultural
sector. With the need for manual labor diminishing, workers in this sector need to shift to
more technical and managerial roles, such as robotic technology operators or agricultural
data analysts. This requires retraining and upskilling efforts to support this transition. The
results of the study also show that environmental sustainability can be improved through
this technology, with more efficient use of water and chemicals.

The findings of this study come about in response to an urgent need in Australia to
find more efficient agricultural solutions to face labour shortages and environmental
challenges. The vast amount of farmland in Australia, often in remote areas, makes
robotics technology a practical solution to this problem (Zhu et al., 2020). The technology
is capable of working autonomously, even in hard-to-reach areas for humans, making it
particularly relevant for Australia's vast and complex agricultural sector.

The increased productivity resulting from the use of robotic technology is also due
to the high precision offered by these automated systems. Robotic technology allows for
micro-management of land and plants, so that each plant gets optimal treatment based on
its needs. This is not possible with traditional farming methods, which are more general
and inflexible. In addition, policy support and incentives from the Australian government
are also encouraging the adoption of this technology.

The next step is to expand the adoption of robotics technology to other agricultural
sectors in Australia that have not yet fully implemented this technology. Education and
training for farmers and agricultural workers must be improved to ensure that they have
the necessary skills to operate and manage these technologies effectively. The government
also needs to continue to provide incentives for small and medium farmers so that they can
access this technology, so that the benefits can be felt by all agricultural sectors.

Further research is needed to evaluate the long-term impact of robotics technology
on environmental and economic sustainability (Malik et al., 2020). While this technology
has shown a positive impact, further research could help improve system efficiency and
find ways to reduce the energy consumption that robotic technology may require.
Cooperation between the government, the private sector, and research institutions must
continue to be strengthened to encourage further innovation in the field of robotic
agriculture.

CONCLUSION

The study found that robotic technology in large-scale agriculture in Australia
significantly improves productivity and efficiency in the use of resources, especially in the
wheat and cotton farming sectors. The findings that set the study apart were the far-
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reaching impact of robotics technology on reducing water and chemical consumption, as
well as how it addresses labor shortages in remote agricultural areas. Robotics technology
not only helps in terms of operations, but also contributes to environmental sustainability
through more efficient use of resources. The use of drones and automation systems in land
monitoring and irrigation applications has proven to be very effective in increasing crop
yields.

The value of this research is the application of a combined approach between
quantitative and qualitative analysis that provides a holistic picture of the impact of
robotics technology in the agricultural sector. This method allows researchers to not only
measure the impact of productivity, but also dig deeper into farmers' perceptions and
social challenges related to technology adoption. The limitation of this study is the lack of
long-term evaluation of the impact of robotics technology on energy and the environment.
Further research is needed to address these limitations, especially in assessing the energy
impact of this technology as well as exploring wider adoption in other agricultural sectors
that have not yet fully utilized robotics.
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