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Irrigation, i.e. the artificial use of water using pumps, hoses and sprays, is extremely
important in areas with erratic rainfall, prolonged droughts, or frequent droughts. Sources
that support this include rivers, lakes, groundwater from wells, desalinated seawater and
treated wastewater, selected based on local availability. Sustainability requires minimising
water waste and avoiding excessive groundwater extraction, as excessive use leads to
groundwater depletion and long-term scarcity. Traditional methods such as surface, sprinkler
and drip irrigation often lose more than 40% of water through runoff and deep percolation,
emphasising the need for more efficient systems. With increasing competition for water in
urban and industrial areas, modern technologies are essential. Smart irrigation systems using
automation, sensors and loT-enabled precision farming increase efficiency, conserve water
and maintain productivity. However, high costs hinder its adoption by small farmers,
although affordable 10T devices are emerging as an alternative. Integrating intelligent crop
water monitoring with irrigation management can increase water productivity and resource
efficiency under the pressure of climate change.

Need for Efficient Irrigation in Modern Agriculture

Efficient irrigation is essential in modern agriculture due to water scarcity, the need for

increased crop yields, and the goal of achieving environmental sustainability. Traditional

irrigation methods, such as flood or furrow irrigation, are highly inefficient, leading to
significant water waste through evaporation, runoff, and deep percolation.

Key Reasons:

1 Water Conservation: Agriculture is the largest consumer of freshwater globally,
accounting for about 70% of total withdrawals. As the world's population grows and
climate change intensifies droughts and unpredictable rainfall, water is becoming an
increasingly scarce and valuable resource. Efficient irrigation techniques deliver water
directly to the plant's roots, minimizing waste and conserving this critical resource for
other uses.

1 Increased Crop Yield and Quality: By providing a consistent and precise amount of
water, efficient irrigation reduces plant stress and ensures optimal growth. This leads to
higher yields and better-quality crops, which are crucial for meeting the food demands of
a growing global population. It also allows farmers to cultivate crops in arid regions or
during dry seasons, extending the growing period.
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1 Environmental Sustainability: Inefficient
irrigation can cause a range of environmental
problems. Over-watering can lead to soil
salinization (the build-up of salts in the soil),
which degrades soil fertility and can render
land unusable for farming. Runoff from fields
can carry fertilizers and pesticides into rivers
and lakes, causing water pollution and
harming aquatic  ecosystems.  Efficient
systems, like drip irrigation, prevent these
issues by delivering water and nutrients
directly to the root zone, reducing runoff and

chemical leaching.

HYDROPONICS
DRIP SYSTEM

Smart Drip Irrigation System

[ Economic Benefits for Farmers:

While

modern irrigation systems may have a higher initial cost, they lead to long-term savings.
By using less water and energy (for pumping), farmers can significantly reduce their

operating expenses. The increase in crop yield and quality also translates to greater

profitability and economic stability for farming communities.

Drip Irrigation System

Using a network of mainlines, sub-
mains, and lateral lines with emission
points positioned along their lengths,
a drip irrigation system provides
water to the crop. Water, nutrients,
and other necessary  growth
chemicals are applied uniformly and
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precisely to the plant's root zone
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Through the combined effects of
capillary and gravity, water and
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soil and into the plant's root zone. This ensures that the plant never experiences water stress,
improving quality, its capacity to grow to its full potential, and its output. In this way, the
plant's losses of moisture and nutrients are nearly instantly restored.
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Sprinkler Irrigation System

A sprinkler irrigation system is a method of applying water to crops that mimics natural

rainfall. Water is pumped from a source through a network of pipes and sprayed into the air

through sprinkler heads, where it breaks into small droplets and falls to the ground. This

system is effective for a wide range of crops and landscapes and can be adapted to various

terrains.

a. Mechanism and Application: Sprinkler systems operate by distributing water under

pressure. A pump unit draws water from a source and pushes it through a mainline, which

then branches into smaller sub-mainlines and laterals. Sprinkler heads are attached to these

laterals. As the water is forced through the nozzles of the sprinkler heads, it is sprayed

outwards, often with a rotating motion to ensure uniform coverage. There are different types

of sprinkler systems, each suited for a specific application:

< Fixed Sprinkler Systems: These have permanently installed heads and are ideal for large
agricultural fields.

< Portable Sprinkler Systems: These are movable and can be easily repositioned, making
them suitable for irregularly shaped fields or areas with various crops.

< Center-Pivot Systems: Common in large-scale agriculture, a long lateral pipe rotates
around a central pivot, irrigating a massive circular area.
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< Rotor Systems: These use rotating heads to spray a single stream of water, covering a
larger radius and reducing water loss due to wind.

b. Benefits:

<+ Water Efficiency: Sprinkler irrigation allows for precise water application, reducing

waste from runoff and deep percolation. It can save up to 30% to 50% of water compared

to surface irrigation methods.

Uniformity: The system provides even water distribution, ensuring all plants receive an

equal amount of water, which leads to balanced growth and better yields.

Adaptability: Sprinkler systems are suitable for most soil types, including sandy and

sloped terrains where surface irrigation is difficult. They can also be used to apply

fertilizers and chemicals directly to crops, a process known as fertigation.

< Frost Protection: Sprinklers can be used to protect crops from freezing temperatures by

creating a layer of ice on the plants, which releases heat as it freezes.

Reduced Soil Erosion: By delivering water in a controlled manner, the system

minimizes the impact of heavy rainfall and helps prevent the loss of topsoil.
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Constraints and Suitability

While beneficial, sprinkler irrigation has its drawbacks and specific suitability requirements:
< High Initial and Operating Costs: The initial investment for pumps, pipes, and
sprinkler heads can be high. Additionally, the system requires a constant power supply to
maintain the necessary pressure, which can lead to higher energy costs.

Wind and Evaporation: The performance of sprinkler systems can be significantly
affected by wind, which can distort the spray pattern and lead to uneven water
distribution. In hot, dry climates, a portion of the water can be lost to evaporation before
it reaches the ground.

Water Quality: The system can quickly clog if the water source contains a lot of
sediment or debris. Using saline water can also be problematic as salts may be absorbed
by the leaves, causing damage.

Crop and Soil Suitability: While adaptable to many soil types, it is not ideal for soils
that easily form a crust or for certain crops with delicate foliage that may be damaged by
large water droplets.
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Smart Irrigation Systems

Smart irrigation systems are automated L o
watering systems that use technology to .. . |:I

optimize water usage in agriculture. They rely == i g P

amount of water needed by crops, applying it
at the right time and place. This is a critical
component of precision farming, a modern
approach to agriculture that uses data and :
technology to manage crops with a high ~

degree of accuracy. Proposed smart irrigation system

Role of Sensors, 10T, and Automation ~ architecture (Sabrine et al., 2020)

Sensors are the eyes and ears of a smart irrigation system. They collect crucial data about the

environment and soil conditions.

< Soil moisture sensors: These are placed in the soil to measure water content in the plant's
root zone. They are fundamental to the system, ensuring that water is only applied when
the soil moisture drops below a pre-set threshold.

< Weather sensors: Located on or near the field, they measure variables like temperature,
humidity, wind speed, and rainfall. This data helps the system adjust watering schedules
in response to current weather conditions, preventing irrigation during or after rain, and
accounting for increased evaporation on hot, windy days.

on real-time data to determine the precise

Actuation unit
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% Other sensors: Some systems may also include sensors for soil pH, electrical
conductivity (EC), and plant health, providing a more comprehensive view of the crop's
needs.

Precision Farming Integration

Smart irrigation is a core component of precision farming because it enables farmers to
manage water as a variable input. Instead of a "one-size-fits-all" approach, precision farming
uses data to apply inputs-water, fertilizer, and pesticides-only where and when they are
needed. For example, a precision farming system can create a variable rate irrigation (VRI)
map of a field based on soil type, topography, and real-time sensor data. The smart irrigation
system then uses this map to apply different amounts of water to different zones within the
same field. Sandy zones that drain quickly might get more frequent watering, while clay-rich
zones that retain moisture would get less. This targeted approach boosts crop yields and
reduces resource waste, leading to a more profitable and sustainable operation.

Cost and Adoption Challenges

Despite the clear benefits, the adoption of smart irrigation systems faces several challenges.

< High Initial Cost: The primary barrier is the significant upfront investment required for
sensors, controllers, and the installation of a new, automated system. For small-scale
farmers, this cost can be prohibitive, making the long-term savings difficult to justify.
Technical Knowledge: These systems are complex. Farmers need to be able to set them
up, program them, and troubleshoot issues. A lack of technical expertise and a "resistance
to change™ among some farmers can be a major hurdle.

Infrastructure and Connectivity: Smart irrigation relies on reliable power and internet
connectivity. In many rural and remote agricultural areas, this infrastructure is either non-
existent or unreliable, which prevents the system from functioning effectively.

Data Security and Privacy: As these systems collect vast amounts of data about a farm,
concerns about data ownership, security, and privacy are a growing issue. Farmers worry
about who has access to their data and how it might be used.

Maintenance: While these systems reduce labor for irrigation, they require ongoing
maintenance, calibration, and potential repairs, adding to the operational costs.
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Conclusion

In order to handle water scarcity, climate change, and the growing need for food,
contemporary agriculture must practice efficient irrigation. Despite being widely utilized,
traditional techniques like surface and sprinkler systems can waste a lot of water. In contrast,
drip irrigation guarantees accurate delivery to the root zone, increasing output. In line with
the ideas of precision farming, smart irrigation systems go one step further by combining
sensors, the Internet of Things, and automation to optimize water consumption in real time.
These methods support environmental sustainability, increase crop output, and conserve
water. However, adoption is restricted, especially among smallholders, by obstacles such
high costs, the need for technical expertise, and connectivity problems. Smart irrigation has
the potential to revolutionize agriculture, guaranteeing long-term sustainability and resilience
under climate conditions while optimizing resource efficiency and farmer profitability with
the development of reasonably priced IoT devices and supporting infrastructure.
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