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Abstract

Technological innovation has become one of the main pillars in the development of modern agriculture. The use of
tools such as drones, soil sensors, and automatic irrigation systems allows farmers to increase productivity through
more efficient and measurable land management. In addition, this advanced technology also plays an important role
in promoting environmental sustainability through environmentally friendly practices, such as more efficient water
management and precision fertilisation. This article explores the positive impacts of implementing these technologies
in increasing crop yields while minimising negative impacts on nature. With more equitable access to technology,
especially for smallholder farmers, these innovations have great potential to ensure global food security while
maintaining a balance between social, economic, and ecological aspects.
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Introduction

Agriculture is a very important sector for human life, as it serves as the primary source of food and livelihood
for millions of people around the world. To date, most of the food we consume comes from agricultural products,
such as rice, wheat, vegetables, fruits, and various livestock products (Lee & Kim, 2020). Additionally, agriculture
produces raw materials for other industries, such as fibres for clothing and raw materials for various consumer
products. Through the production of food and raw materials, agriculture makes a significant contribution to the
economy, not only by providing food but also by creating jobs for millions of people worldwide (Smith & Brown,
2023).

Beyond being a primary food source, agriculture serves as a livelihood for many individuals and
communities, particularly in rural areas. For many families, agriculture is a way of life passed down through
generations. This strengthens social and economic structures in various countries. By working in agriculture,
communities can meet their basic needs while preserving local traditions and culture.

Therefore, the development of a sustainable agricultural sector is essential so that communities can continue
to depend on agriculture for their survival and well-being (Wilson & Bell, 2021). However, in recent decades, this
sector has faced major challenges that threaten its sustainability, such as rapid population growth, climate change,
land degradation, water resource constraints, and economic fluctuations.

Rapid population growth leads to a significant increase in food demand (Chang & Wang, 2022). As the
population continues to grow, pressure on agricultural land also increases due to the need to expand residential areas
and infrastructure. This often results in a reduction in productive land available for farming, making it difficult to
meet global food demand. Therefore, it is important for us to find innovative ways to increase crop yields without
having to continue expanding agricultural land (Perez & Gomez, 2020).

In addition, climate change is becoming an increasingly real and serious challenge to agricultural
sustainability. Changes in weather patterns, such as longer dry seasons or irregular rainfall, can disrupt agricultural
cycles and reduce crop yields. Rising temperatures also affect the productivity of certain crops, while extreme events
like floods and droughts can damage agricultural infrastructure and threaten the livelihoods of farmers (Berg &
Johnson, 2024).
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On the other hand, land degradation and water scarcity are also major issues, as degraded or damaged land
can no longer support agriculture optimally. Activities such as excessive use of fertilisers and pesticides often lead to
soil degradation and water pollution, which directly impact agricultural productivity.

Coupled with economic fluctuations that affect agricultural prices, these conditions can make jobs in the
agricultural sector increasingly unstable for small farmers. These challenges require innovation and new approaches
so that the agricultural sector can continue to adapt, be productive, and sustainable (Park & Seo, 2021). Technological
innovation is one answer to this problem.

With the emergence of modern technologies, such as the use of drones for land monitoring, soil sensors to
measure fertility, automated irrigation systems, and data-driven software for optimizing planting processes,
agriculture has undergone significant transformation. These technologies not only enhance efficiency and crop yields
but also reduce excessive resource use, thereby supporting environmental sustainability (Brown & Green, 2024).

However, behind these benefits, there are several challenges that need to be addressed. Not all farmers,
especially in remote areas, can access or implement advanced technologies due to financial constraints, lack of
knowledge, or inadequate supporting infrastructure. Additionally, there is a risk of dependency on technology, which
can lead to issues such as system failures or negative impacts on local communities and traditional farming practices
(Khan & Ahmad, 2023).

Therefore, this research is important to conduct in order to gain a deeper understanding of how technological
innovations in modern agriculture influence productivity and sustainability. By exploring the benefits, challenges,
and potential for broader application of this technology, it is hoped that this research will contribute meaningfully to
the development of a more efficient, inclusive, and sustainable agricultural sector in the future.

Research Method

This study uses a literature review method. A literature review is an approach that aims to collect, analyse,
and interpret information that is already available from various sources such as books, scientific journals, articles,
and other documents (Green et al., 2006); (Torraco, 2016). In this study, the primary focus is on an in-depth study of
previously written data or theories, rather than on direct data collection from the field, such as surveys or experiments.
Researchers typically categorise information based on specific topics, evaluate its relevance, and identify knowledge
gaps to support the research objectives. This method is highly beneficial, especially when seeking to strengthen
arguments, understand trends, or design a theoretical framework for future research (Bolderston, 2008).

Results and Discussion
The influence of productivity on technological innovation in agriculture

Productivity in the agricultural sector is an important element that is directly influenced by technological
innovation. Technological innovation enables farmers to increase production efficiency through the use of new, more
advanced tools, methods, and techniques. When productivity increases, more and higher quality crops can be
produced in less time and with fewer resources.

This makes technological innovation the key to addressing the major challenges facing the agricultural world,
such as food demand due to rapid population growth and climate change (White & Black, 2023). One of the biggest
impacts of technological innovation on productivity is its ability to automate agricultural processes.

Technologies such as automatic harvesting tools, soil sensors, and drones for land mapping can shorten
working time and reduce human error in various stages of production. With automation, farmers can not only increase
crop yields but also optimise product quality, such as ensuring that harvesting is done at the right time to obtain the
freshest products (Rivera & Delgado, 2022).

Technological innovations also enable better resource management, particularly in the use of water, fertilisers,
and pesticides. Smart irrigation systems, for example, can ensure that crops receive the right amount of water without
wastage. Similarly, soil analytics technology helps farmers determine the most suitable fertilisers for their land. With
the use of technology, resource efficiency can be achieved, which ultimately has a direct impact on overall
productivity (Tanaka & Suzuki, 2022).

On the other hand, technology can provide solutions to deal with uncertain environmental conditions. For
example, with the development of extreme weather-resistant seeds, farmers can maintain their yields even in the face
of long dry seasons or excessive rainfall. In addition, increasingly accurate weather prediction technology helps
farmers plan their activities to minimise potential losses due to climate change. In this way, productivity dependence
on natural conditions can be reduced (Torraco, 2016).

Not only that, data-based technology is also a very effective tool in increasing productivity. The use of
applications or software to monitor crop growth, estimate harvest yields, or analyse disease patterns enables farmers
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to take preventive measures earlier. With accurate, data-driven information, higher yields can be achieved compared
to traditional methods that often rely on luck or intuition alone (Torres & Martinez, 2023). Innovation also impacts
labour productivity in the agricultural sector. With modern tools capable of performing heavy tasks, the time and
effort required to manage land are significantly reduced compared to the past. This not only improves work efficiency
but also makes agricultural work more attractive and economically viable, particularly for younger generations who
are less interested in traditional work processes (Silva & Andrade, 2020).

The impact of increased productivity is not only felt by farmers but also by the economy as a whole. With
higher crop yields, food supply in the market increases, which can help stabilise product prices. Additionally, surplus
crops can be exported to boost national income. Ultimately, technological innovations in agriculture are not only
solutions for farmers but also support the strengthening of national and global economies (Kumar & Gupta, 2021).

However, despite the many benefits of technological innovation, there are significant challenges related to
its implementation, particularly in terms of accessibility. Not all farmers, especially those in remote areas, are able to
access this technology due to financial constraints, lack of supporting infrastructure, or low technical knowledge.
Therefore, it is important to ensure that the technology developed remains affordable and easy to use for farmers from
various backgrounds (Wang & Zhang, 2020).

In addition to overcoming accessibility barriers, it is also important to ensure that technological innovations
support environmental sustainability. For example, technologies that are overly reliant on high energy use or
hazardous chemicals can have negative impacts on ecosystems. Therefore, innovations should be geared towards
supporting productivity without compromising the environmental balance that is so important for future generations
(Sharma & Gupta, 2020).

Overall, technological innovation plays an irreplaceable role in increasing productivity in agriculture.
However, to truly maximise its impact, collaborative efforts from governments, industries, and communities are
needed to ensure that these technologies are widely accessible, used wisely, and provide sustainable benefits. With
the right technology choices and effective implementation strategies, agriculture can continue to evolve into a
productive, competitive sector that supports the well-being of communities on a broad scale.

The Influence of Sustainability on Technological Innovation in Agriculture

Sustainability is a very important concept in many aspects of life, including agriculture. When it comes to
sustainability in agriculture, we refer to practices that maintain the health of ecosystems while ensuring the needs of
future generations are met. This sustainability influences technological innovation in agriculture in significant ways
(Yang & Wu, 2022).

Technological innovations have demonstrated numerous ways to make agriculture more sustainable. For
example, the use of sensors and drones can help farmers monitor crop and soil conditions accurately. This enables
more precise application of fertilisers and pesticides, reducing waste and minimising environmental damage
(Rodriguez & Castro, 2023).

Sustainability is also driving the development of technologies that support water efficiency. In many regions,
irrigation is the primary source of water use, and technologies such as micro-drip irrigation help maximise water use
efficiency. By using this technology, water can be delivered directly to plant roots, reducing evaporation and runoff,
and increasing crop yields (Zhang & Li, 2021).

Additionally, there are innovations in more environmentally friendly pest management. Instead of using
harmful chemicals, there are new approaches such as the use of biological pesticides and pheromone-based pest traps.
All of these aim to reduce negative impacts on the environment while maintaining high production levels. In terms
of soil maintenance, sustainable technology has also made significant contributions. Conservation agriculture, for
example, involves practices such as no-till farming and crop rotation. These help maintain soil health, prevent erosion,
and enhance biodiversity and soil fertility (Martin & Clark, 2025).

Advances in biotechnology also play a crucial role. Innovations such as genetically modified crops that can
withstand harsh environmental conditions or are more resistant to diseases are highly beneficial. These crops not only
help increase crop yields but also reduce the need for pesticides and chemical fertilisers (Anderson & Walker, 2022).

Sustainability in agriculture is also driven by renewable energy technologies. For example, the use of solar
panels and wind turbines in agriculture helps reduce dependence on fossil fuels. By adopting clean energy sources,
farmers can reduce their carbon footprint while maintaining efficient agricultural operations (Garcia & Lopez, 2022).

In the livestock sector, there are also technological innovations that support sustainability. The use of efficient
waste disposal systems and biogas digesters, which convert livestock waste into energy, are concrete examples of
how sustainability can be applied. This reduces pollution and provides a renewable energy source for livestock farms
(Costa & Lima, 2023).
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Sustainability in agricultural technology innovation also involves the development of more efficient tools and
machinery. Modern tractors and agricultural machinery are now designed to use fuel more efficiently and reduce
emissions. Additionally, advancements in automation technology help farmers manage land with fewer workers while
maintaining high productivity (Hill & Carter, 2021).

Thus, all these examples demonstrate that sustainability is not just a trend but a necessity driving positive
change in agriculture. Technological innovations that support sustainability help farmers address future challenges,
such as climate change and population growth, in a more environmentally friendly and efficient manner.

Challenges and Opportunities in the Application and Development of Technology to Improve Agricultural
Sector Performance

Technology has become one of the key factors transforming many aspects of human life, including the
agricultural sector. Amidst the growing global demand for food, the adoption of technology in agriculture has become
crucial to ensuring efficiency, productivity, and sustainability. Despite offering numerous opportunities, the
implementation and development of technology in this sector also face significant challenges (Janssen & Bremer,
2020).

One of the main challenges is the lack of access to modern technology among smallholder farmers. Most
farmers, especially in rural areas, often face limitations in terms of finances, technical knowledge, and supporting
infrastructure. Not all farmers can afford advanced tools such as drones for land monitoring or soil sensors that can
provide real-time data (Patel & Singh, 2021).

On the other hand, the lack of technological education is a major barrier. Many farmers still do not fully
understand how technology can help them manage their land more efficiently. Even when technology is available,
adoption is often slow due to the lack of training and guidance provided to them (Ahmed & Rahman, 2022).

Additionally, the initial costs of implementing technology are often high. For example, automating irrigation
or using analytical software for crop yield prediction requires significant investment. This poses a significant
challenge, especially for farmers who still rely on conventional methods with limited income (Mohan & Choudhury,
2020).

The need for digital infrastructure is equally important. Many agricultural areas in remote regions lack
adequate internet connectivity. However, many modern technologies, such as the Internet of Things (IoT) system,
rely on internet connectivity to function properly (Nguyen & Tran, 2021).

On the other hand, there are still significant opportunities that can be maximised in the application of
technology. One of these is the potential for increased crop yields through technology, such as the use of satellite data
to monitor land conditions or artificial intelligence (Al)-based applications to predict crop yields based on weather
conditions. This technology not only improves efficiency but also helps reduce resource waste (Mohan & Choudhury,
2020).

Technology also plays an important role in reducing the environmental impact of agricultural activities.
Through precision farming methods, farmers can measure the specific needs of crops, thereby minimising the use of
fertilisers, water, and pesticides. This is not only environmentally friendly but also reduces operational costs.
Technological development also opens opportunities to create more sustainable agricultural systems. One example is
the adoption of hydroponic or aquaponic techniques, which utilise smaller spaces and resources more efficiently.
These systems are highly relevant solutions amid population growth and increasingly limited agricultural land
(Ahmed & Rahman, 2022).

Another promising opportunity is the integration of blockchain technology in the agricultural product supply
chain. This technology provides consumers with transparency regarding the origin of products and the production
methods used. This can increase consumer confidence in local produce and enhance the market value for farmers. To
maximise these opportunities, support from the government and relevant organisations is crucial. Technology
subsidies, training for farmers, and providing internet access in rural areas are concrete steps that can help overcome
existing barriers while promoting technological development in the agricultural sector (Patel & Singh, 2021).

Increased collaboration between the private sector, academia, and farmers is also key to developing
innovative solutions that can be widely implemented. For example, technology companies can partner with
universities to create more practical and affordable tools for farming communities (Janssen & Bremer, 2020).

It is also important to ensure that the technology developed is appropriate for the needs of the local
community. Each region has different land characteristics, weather, and agricultural culture, so a one-size-fits-all
approach is not always effective. Personalisation of technology is an important element in ensuring successful
implementation (Hill & Carter, 2021).
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Finally, public awareness of the importance of technology in agriculture must continue to be raised. The
results achieved by farmers who have adopted modern technology can serve as good examples to inspire more
farmers. Improving farmers' competence in using technology should be seen as a long-term investment for the future
of the agricultural sector.

Thus, the development of technology for agriculture is not merely about advanced tools, but also about
empowering farmers to become more productive and self-reliant. By addressing challenges and maximising existing
opportunities, technology can become a real solution to support global food needs and achieve a more advanced and
sustainable agricultural sector.

Conclusion

Technological innovations in modern agriculture have brought about significant changes to the productivity
of this sector. The use of advanced tools such as drones, soil sensors, and automated irrigation systems helps farmers
monitor land conditions and crops more efficiently. With this technology, the farming process becomes more
measurable, so that crop yields can increase and losses due to weather or pests can be reduced. This is an important
solution to meet the growing demand for food as the population increases.

Not only does it contribute to productivity, technology in modern agriculture also has a positive impact on
environmental sustainability. Technologies such as precision fertilisation and the use of renewable energy aim to
reduce negative impacts on the environment, such as pollution and land degradation. Additionally, these innovations
help farmers adopt more environmentally friendly practices, such as water conservation and pest control with minimal
use of harmful chemicals. In this way, the modern agricultural sector can align with environmental conservation
efforts.

Overall, technology is a key factor in addressing global challenges related to food security and sustainability.
However, to ensure that its benefits are felt equitably, access to this technology must be expanded, particularly for
small-scale farmers in remote areas. As a result, the adoption of technology in agriculture can not only support high
productivity but also maintain a holistic balance between social, economic, and environmental needs.
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