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Soilless farming: a key tool of precision agriculture for reducing environmental footprints,

increasing water-use efficiency and crop yield under climate change
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Climate change (CC) poses significant challenges to global
agriculture, impacting land availability, water resources, and food
security. Rising temperatures and erratic weather patterns lead to
soil degradation, reduced arable land, and increased water scarcity
[1]. Traditional farming methods often struggle to adapt to these
CCs, resulting in lower crop yields and heightened food insecurity.
Soilless farming (SF), including hydroponics and aeroponics,
emerges as a sustainable solution that minimizes environmental
footprints, optimizes water use, and enhances crop productivity,
making it a critical component of precision agriculture (Figure 1) in

the faceof CC[2].
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Figure 1: Climate change issues
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This study synthesizes scientific information on soilless farming as

a tool for precision agriculture, focusing on its impact on

environmental footprints, water-use etficiency, and crop yield. We

addressed the following key questions:

*  What soilless farming systems are utilized in agriculture?

 How do these systems affect water-use efficiency and crop
productivity?

 Can modern soilless technologies enhance sustainability in
farming practices?

 What is the current state of research on soilless farming
techniques?

To answer these questions, we analyzed existing literature on

traditional and modern soilless farming methods, linking them to

precision agricultural practices. A systematic literature search

(Figure 2) was conducted using keywords such as "soilless

farming,” "hydroponics,” and "aeroponics" across major scholarly

databases, including Google Scholar, Web of Science, and Scopus.
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Figure 2: Review methodology

* SF, encompassing systems like hydroponics, aeroponics, and

aquaponics, offers transformative potential in precision
agriculture by ensuring efficient resource use, enhancing crop
yields, and minimizing environmental impacts.

* SF can mitigate the adverse effects of extreme climate events by

reducing land use. The absence of soil also reduces the risk of
soil-borne diseases and pests, thereby decreasing the reliance on
chemicals, lowering GHGs, minimizing nutrient runoff, and
mitigating the effects of land degradation.

* These systems eliminate soil-related variability, enabling precise

nutrient and water management and significantly reducing
resource wastage. Studies demonstrate that soilless methods use
up to 90-95% less water and 40-50% fewer chemical inputs than
traditional agriculture while achieving yield increases of 20-30%
for crops like lettuce and tomatoes.
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Figure 3: Soilless farming systems [2,3].

* However, challenges remain, including high initial investment

costs, reliance on energy, and the need for technical expertise,
particularly in developing countries. Overcoming these barriers
will require technological innovation, government support, and
policies promoting accessibility and affordability.

* In summary, SF is a critical tool for sustainable, climate-smart

agriculture, aligning with precision farming principles to
optimize resource efficiency and ensure food security in the face
of CC. Further advancements are needed to enhance its
scalability and affordability for broader adoption.

CONCLUSION

 As CC intensifies, traditional farming faces increasing

challenges. SF techniques provide a resilient alternative that can
help ensure food security in a volatile environment.

* SF uses less water and input resources than open farming.
It can take place in controlled environments like greenhouses or

indoor vertical farms in a variety of locations, including urban
areas, arid regions, and even rooftops.

* This adaptability allows for food production closer to

consumption centers, reducing transportation costs and
emissions.
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