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Summary

Climate change, prolonged droughts and water shortages are prompting many producers to reevaluate traditional
irrigation practices. To sustain crop quality and productivity while conserving water, producers are exploring
innovative approaches and adopting new irrigation technologies.

These technologies include irrigation scheduling programs, updates to irrigation systems and equipment, and
automated tools that help manage the timing, application, and distribution of irrigation water. When used
effectively, these technologies can improve water conservation, optimize soil moisture, reduce environmental
impacts and support crop production.
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Efficient irrigation management is essential for optimizing crop production, reducing

labor and energy, and sustaining water resources. Irrigation automation refers to

technologies that assist or fully control irrigation timing, frequency, and application

amounts with minimal human intervention.
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These systems use sensors, controllers and software platforms to monitor field conditions and make irrigation

decisions based on soil moisture, crop water demand and environmental data.

Automation can range from simple decision-support tools that notify the producer when to irrigate, to fully

integrated systems that open valves and operate pumps automatically.

Technologies used in irrigation automation may include:

Crop and soil sensors: Devices such as capacitance probes, tensiometers, granular matrix sensors, infrared
canopy thermometers and multispectral tools measure soil moisture, plant stress or environmental conditions in
real time. For instance, when a controller connects to soil moisture sensors, they automatically trigger irrigation
to maintain an optimal soil moisture range in the root zone for crop growth.

Smart irrigation controllers: These controllers receive input from the sensors or weather-based data such as
evapotranspiration estimates. They then determine the timing and the amount of irrigation needed. Smart
irrigation controllers are often programmable, allowing producers to set specific irrigation schedules based on
factors like crop type, soil texture, allowable depletion and weather conditions. Many controllers adjust irrigation
schedules automatically as conditions change.

Actuators and control hardware: Valves, pumps and other hydraulic components can be automated to open,
close or modulate flow rates, regulating the distribution of water to different areas of the farm.

Remote monitoring and management platforms: Cloud-based software and mobile applications allow producers
to remotely monitor and control their irrigation systems. These platforms provide real-time access to in-situ
sensor data, system pressure, flow rates, pump performance and irrigation schedules from a computer or
smartphone. They support data-driven management by logging irrigation events, analyzing water use and issuing
alerts when abnormalities such as leaks, pressure drops or equipment failures occur. Users can adjust system
settings or initiate irrigation remotely, improving operational efficiency and reducing the need for on-site
intervention.

Leak detection systems: These systems integrate pressure sensors, flow meters and acoustic monitoring devices
to rapidly identify and locate malfunctioning equipment or leaks in irrigation pipelines. When tied to automation
software, the system can generate warnings or shut down irrigation sections to prevent water loss.

Satellite and remote sensing tools: satellite-based platforms provide field-scale information on crop water use,
vegetation condition and spatial variability. These tools use vegetation indices such as Normalized Difference
Vegetation index, or NDVI, and energy balance approaches to estimate crop water use through
evapotranspiration (ET), such as OpenET. They support irrigation scheduling by estimating how much water crops
have used over time, identifying areas of water stress and evaluating irrigation performance across fields. While
not used in direct system control, remote sensing tools complement in-field sensors by providing broader spatial
context for irrigation management.

Performance considerations
Research has shown that automated irrigation systems can reduce water use substantially, sometimes by as much as

70%, depending on the irrigation system, water supply, soil texture, soil depth, weather and crop types. Water

savings arise from better matching of irrigation to crop evapotranspiration, reduced over-irrigation and improved

efficiency. However, automation systems can require significant upfront investment, ongoing maintenance and

customization.




Despite these challenges, automation offers important benefits: reduced labor, improved crop water status, more
uniform soil moisture and better alignment between water supply and crop demand.

Variable rate irrigation

Variable rate irrigation, commonly referred to as VR, is a precision-agriculture technology that allows an irrigation
system to apply different water amounts of water to specific areas within a field. These variable application rates are
determined using spatial information such as differences in soil texture, soil depth, organic matter, topography, crop
type, crop growth stage and environmental conditions. The goal is to match irrigation to crop water needs more
accurately, reducing over- or underwatering and improving water use efficiency.

You can implement variable rate irrigation using either a speed-control system or a zone-control system, and you
can integrate it into center-pivot, lateral-move and drip irrigation systems.

« Center pivot and lateral move systems: For center pivots, variable rate irrigation technology can adjust the
pivot’s speed and independently control the application rate of individual sprinklers.

« Drip irrigation systems: Variable rate irrigation can regulate the timing and flow rate of individual drip lines or
zones, allowing highly targeted irrigation across areas with differing soil-water-holding capacities or crop water
demands.

Variable rate systems require digital field maps (such as soil maps, Normalized Difference Vegetation Index zones or
electrical conductivity surveys) to assess vegetation health and density. The level of precision depends on the
chosen approach:

« Variable speed irrigation: adjusts pivot travel speed to vary water application depth across the field (Figure 2A)
« Variable zone irrigation: controls sprinklers or drip zones individually for higher spatial precision (Figure 2B)

How can variable rate or variable speed irrigation help? When used correctly, variable rate irrigation can save
water, reduce runoff, improve crop uniformity and increase input-use efficiency; however, its benefits depend on
accurate field mapping, system calibration and coordinated irrigation management.
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Variable speed irrigation
Variable speed irrigation adjusts the travel speed of the pivot to apply different irrigation depths across the field
without modifying the flow rate of individual sprinklers (Figure 2A).

How does it work?
This technology uses advanced control panels or aftermarket GPS-based systems to automatically slow down or
speed up the pivot along specific segments of its rotation.

« In areas where the pivot travels slower, the application depth increases (more water is applied).
« In areas where the pivot travels faster, the application rate decreases (less water is applied).

Because the adjustment follows the circular travel path, variable speed irrigation creates pie-shaped application
zones across the field (Figure 2A).

How much does it cost?
Because VSl relies on modifications to the electronic speed control, variable speed irrigation is relatively inexpensive
(about $2,000-$4,000 per pivot). Consult with local representatives for current pricing.

When is variable speed irrigation most beneficial?
This technology is most effective in fields with differences in infiltration capacity due to soil texture, slope or
topography, or where crops with differing water needs occur along the pivot’s path.
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Variable zone irrigation

Variable zone irrigation provides a higher level of precision than variable speed irrigation by adjusting both the
pivot’s travel speed and the flow delivered by individual sprinklers or groups of sprinklers (Figure 2B). This allows the
system to apply different irrigation depths exactly where needed in the field according to its spatial variability.

How does it work?
Variable zone irrigation divides the pivot into multiple management zones, each controlled independently through
valves, solenoids or nozzle cycling. This enables:

« Turning individual sprinklers on and off for various amounts of time
« Pulsing sprinklers to vary application depth
» Combining speed changes with sprinkler control for the greatest spatial precision

Because adjustments occur along the length of the pivot span (not just via speed), variable-zone irrigation creates
irregularly shaped applications that follow true spatial variability rather than pie-shaped wedges.

How much does it cost?

Variable zone irrigation requires developing and modifying irrigation plans, the installation of additional hardware
(valves, wiring, manifolds or wireless nodes) in addition to a more sophisticated control technology. These factors
make variable zone irrigation significantly more expensive than variable speed irrigation (about $15,000-$25,000
per pivot). Consult with local representatives for current pricing.

When is variable zone irrigation most beneficial?
Variable zone irrigation is ideal for fields with fine-scale variability, including:

« Highly variable soil textures or layered soils

 Changes in organic matter, salinity or infiltration

« Topographic depressions or runoff-prone areas

» Localized constraints such as rocky zones, shallow soils or seepage areas

« High-value crops where precise water management impacts yield or quality

Key advantages

« Greater control of application depth

 Reduced over- and underwatering

« Improved uniformity and crop performance

« The ability to integrate with soil, crop or remote-sensing maps for true precision irrigation

* Note: Actual costs vary widely based on the number of zones, pivot length, field conditions and equipment
manufacturer. Producers should contact their local irrigation dealer or system representative for an accurate
estimate.

For more information about how variable zone and variable speed irrigation technology works, see Variable Rate

Irrigation Precision Irrigation Technology.
(https://www.bing.com/videos/riverview/relatedvideo?q=Variable%20Speed%20and%20variable%20zone%20Irrigation%20videos&
mid=FBOEODAC6D3A77F5C3DOFBOEODAC6D3A77F5C3D0&FORM=VIRE)
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Sprinkler modifications within center pivots or lateral-move systems

Technology used in center-pivot and linear-move irrigation systems continues to evolve, with a strong focus on
improving irrigation efficiency, uniformity and precision application while applying irrigation water closer to the soil
surface for better water uptake. These improvements can help reduce wind drift and evaporation, conserve water,
and optimize crop growth.

High-pressure impact sprinkler
application

s \ i Spray losses
When center pivots were first introduced, they used ‘ ‘ 30%-40%
high-pressure impact sprinklers located on top of the '
pipeline (Figure 3).

Key characteristics

« Sprinkler nozzles spacing: about 20-30 feet apart
 Operating pressure: about 70-110 psi

« Typical water loss: about 30%-40% due to water
being dispersed over a greater distance, making it

susceptible to wind and evaporation (Figure 3) 5 . . .
Figure 3. Early center-pivot irrigation systems used

Benefits high-pressure impact sprinklers mounted above the
pipeline. Water is sprayed over a large distance, which
+ Due to the large wetting distance, there is more time  increases exposure to wind drift and evaporation
for the water to infiltrate into the soil. losses of up to 30%-40% of the applied water.

L. . Credit: Carol Rang, © Oregon State University
Limitations

« High energy costs and high evaporation losses.

« Placing sprinklers closer to the crop canopy
substantially reduces wind drift and evaporative
losses.

Mid-elevation spray application

Mid-elevation spray application, commonly referred to as a MESA system, is a widely used sprinkler package for
center-pivot and lateral-move irrigation systems. In mid-elevation systems, spray nozzles are mounted
approximately 5 feet or more above the ground and spaced about 10 feet apart (closer together than impact
sprinklers).

Operating at moderate pressures (typically 15-20 psi, requiring about 25-40 psi at the pivot point), mid-elevation
systems provide good uniformity but experience greater evaporative and wind losses than lower-elevation systems.
Mid-elevation systems have historically been a standard package and remain suitable for many crop and field
conditions.
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Key characteristics

« Sprinkler nozzles mounted at 5 feet above ground or
higher

» Typical nozzle spacing of about 10 feet

 Operates with 15-20 psi pressure regulators (25-40
psi required at pivot point)

« Produces a spray pattern with moderate droplet
exposure to wind

« Provides about 85% application efficiency

« Typical water loss of 15%-20%

» Compatible with most crops and field slopes greater
than 4%

Benefits

» Good overall water distribution and coverage

« Less risk of runoff because water is applied over a
wider wetted footprint

» Works well on fields with slopes of more than 3%

« Suitable for taller crops, reducing nozzle interference

Low-elevation spray application and
low-energy precision application
Low-elevation spray and low-energy precision
applications are modern, high-efficiency sprinkler
packages designed for center-pivot and linear-move
irrigation systems. Both place nozzles closer to the soil
surface than traditional sprinkler packages, reducing
wind drift, lowering evaporation losses and improving
application efficiency (Figure 5).

Low-elevation spray applications distribute water as a
spray pattern a short distance above the ground, while
low-energy precision applications deliver water directly
to the soil surface using bubble applicators for maximum
efficiency.

Both operate at low pressure (6-20 psi), reducing
pumping costs and improving uniformity when properly
matched to field slope, soil type and crop row spacing.
These systems can significantly improve water-use
efficiency compared with mid- or high-elevation sprinkler
packages, especially in arid climates where evaporative
losses are high.

Spray losses
10%-20%
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Figure 4. Mid-elevation spray application, known as
MESA, sprinklers apply water above the crop canopy,
increasing exposure to wind drift and evaporation.
Spray losses are typically about 10%-20% of applied
water, depending on wind speed, temperature and
operating pressure.

Credit: Carol Rang, © Oregon State University

Spray losses
2%-5%

Figure 5. Low-elevation spray application, or LESA,
sprinklers mounted on drop hoses apply water closer
to the soil surface, reducing wind drift and
evaporation compared with high-elevation impact
sprinklers. Spray losses are typically about 2%-5% of
applied water.

Credit: Carol Rang, © Oregon State University
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Considerations

« Higher wind drift and evaporation losses (typically 10%-20%) compared with low-elevation spray
application/low-energy precision application

« Requires higher operating pressures, resulting in increased energy use

« Shorter contact time with soil may reduce infiltration on coarse soils

» More sensitive to wind conditions during operation

» Not as efficient as low-elevation spray or precision application systems

Mid-elevation

spray application Low-elevation
spray application

Figure 6. Differences in sprinkler nozzle height and water loss between mid-elevation and low-elevation spray
applications.
Credit: Troy Peters

Low-elevation spray application

Low-elevation spray application, commonly referred to as LESA, is a high-efficiency sprinkler package for center-
pivot and linear-move systems. It applies water as a uniform spray pattern that reduces wind drift and evaporation
while improving infiltration.

Key characteristics

« Spray nozzles suspended close to the soil surface (1-3.5 feet)

» Nozzle spacing typically more than 5 feet apart

» Operates at low pressure (6-20 psi), reducing pumping energy

« Produces a spray pattern, providing a more uniform application of water and time for the water to infiltrate into
the soil

« Suitable for fields with slopes up to or about 3%

« Requires filtration to prevent nozzle plugging

Benefits
« Higher application efficiency than high-pressure or mid-elevation systems
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» Lower evaporative loss due to reduced droplet exposure to wind

« Lower energy use because of reduced operating pressure

« Improved infiltration and more uniform water application closer to the root zone
 Adaptable to a wide range of crops and soil types

Considerations

« Shorter wetted diameter means less time for infiltration, which is good for light, frequent irrigations. But it also
may require cycle/soak management or other adjustments to prevent runoff on tight or shallow soils.

« Spray pattern still has some exposure to wind (more than a low-energy precision application).

« Filtration is required to avoid plugging of low-pressure nozzles.

» Performance depends on crop height. Taller crops may interfere with pendulum hoses and spray patterns,
affecting overall application performance.

To find out if a low-elevation spray application is right for you, consult your local irrigation dealer or a Watermaster

(https://www.oregon.gov/owrd/aboutus/contactus/pages/regionalofficesandwatermastersdirectory.aspx).
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Figure 7. A low-elevation spray application operating

in a wheat field with the sprinkler heads below the top &= : : %

of the canopy. Figure 8. This low-elevation spray application system

Credit: Troy Peters uses boombacks to spread the water out and increase
infiltration on a wheat field near Milton-Freewater,
Oregon.

Credit: Troy Peters

Low-energy precision application

Low-energy precision application, or LEPA, delivers water directly to the soil surface using bubble applicators close
to the ground at a low operating pressure. This application minimizes evaporation and wind drift. It can achieve
efficiencies greater than 95% when managed correctly.

Key characteristics

« Bubbler applicators positioned 8-18 inches above the soil surface

» Nozzle spacing typically 30-40 inches apart

» Operates at low pressure (6-20 psi), reducing pumping energy

« Applies water directly to the soil surface in narrow streams or bubbles, allowing water to infiltrate into the soil
« Designed for very high efficiency with minimal evaporation
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« |deal for fields with slopes up to 1%
« Requires furrow management (drag socks and dammer diking, among others)
« Requires filtration to prevent nozzle plugging

Figure 9. A low-energy precision application sprinkler

d syt ~

system in an alfalfa field with a triple drop-hose L . L
Figure 10. A low-energy precision application system

sprinkler configuration. . e . .

on a row crop using drag socks to minimize erosion to
Credit: Troy Peters . .. .
the furrow dikes that limit water movement in the
furrows.

Credit: Troy Peters

Benefits

» Among the highest application efficiencies of any sprinkler package (greater than 95%)

« Lower evaporative loss due to close proximity to the soil surface

» Reduced wind drift compared to spray systems, because of reduced droplet exposure to wind
» Lower pumping energy use because of low operating pressure

« Potential for improved yields when matched to crop row spacing

Considerations

« Greater risk of runoff or ponding if field slopes are greater than 1% or furrows are unmanaged

« Not suited for no-till or flat planting unless water is contained

» Bubble pattern may not wet the full soil surface unless row spacing matches application pattern
« Requires consistent maintenance of filtration and applicators

To find out if a low-energy precision application system is right for you, consult your local irrigation dealer or

Watermaster (https://www.oregon.gov/owrd/aboutus/contactus/pages/regionalofficesandwatermastersdirectory.aspx).

Mobile drip irrigation technology

Mobile drip irrigation, known as MDI or Dragon-Line systems, deliver irrigation water directly to the soil surface
using drip tubing attached to center-pivot or lateral-move systems. Like a low-energy precision application, a mobile
drip system operates at low pressure and minimizes evaporation and wind drift by applying water close to the
ground. By wetting the soil in a slow, controlled pattern, mobile drip irrigation improves infiltration and can achieve
water-use efficiencies comparable to a low-energy precision application when properly managed, while offering
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flexibility to switch between drip and sprinkler application as field conditions require.

Key characteristics

« Driplines attached to pivot spans and pulled across the
field.

« Spacing: 20-40 inches between hoses, 6-inch emitter
spacing in drip lines. Spacing depends on the crop, soil
type and rooting depth.

 Low-pressure operation (similar to a low-energy
precision application).

« Uniform strip-wetting pattern directly over the soil
surface.

 Can be combined with standard sprinkler packages on

the same pivot, allowing irrigators to switch between
different watering applications. - SRS -

Figure 11. Mobile drip irrigation system installed on a
center pivot with drip lines attached to rigid drop
tubes and placed along crop rows to apply water
directly to the soil surface.

Credit: Troy Peters

Benefits

« Significantly reduces wind drift and surface evaporation

« Improves infiltration and reduces runoff on coarse soils

» Potential water-use efficiency similar to low-energy precision application systems
« Flexible operation (sprinkler mode vs. drip mode)

* Lower pumping energy due to low operating pressures

Considerations

« Requires good filtration to prevent emitter clogging.

« Driplines must be heavy-walled to avoid tearing or splitting.

« Drag hoses can snag on residue in heavy crop systems.

 Performance may be reduced on fields with rocks, ruts or uneven terrain.
« Higher upfront costs for hoses and retrofitting.

For more information, see Mobile Drip Irrigation (https://irrigation.wsu.edu/Content/Fact-

Sheets/MDI.pdf?utm_source=chatgpt.com).

Subsurface drip irrigation

Subsurface drip irrigation applies irrigation water directly to the crop root zone through buried drip tubing,
providing highly efficient, low-pressure water delivery below the soil surface. By eliminating surface wetting,
subsurface drip irrigation minimizes evaporation, runoff, soil crusting and weed germination while improving
application uniformity and root-zone moisture control. When properly designed and managed, it can substantially
improve water-use efficiency and crop performance, particularly in arid regions or coarse-textured soils.
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Key characteristics

« Buried drip tubes installed 2-15 inches below the soil surface.

« Lateral spacing 24-84 inches. Spacing depends on crop.

» Low operating pressures (7-14 psi).

« Emitters deliver slow, consistent flow (0.07-2.5 gallons per hour).
» Water applied below the soil surface directly to the root zone.

Benefits

« Greatly reduces evaporation and eliminates runoff

 Enhances irrigation uniformity in sandy or arid soils

 Reduces weed pressure by limiting moisture at the soil surface

« Improves nutrient delivery when combined with fertigation

« Can increase water-use efficiency, water savings and yield in many crops.

Considerations

« Requires high-quality filtration to prevent emitter clogging.

« Root intrusion can occur without proper system design.

« Installation is more expensive than surface drip.

« Repairs are more difficult because tubing is buried.

« Not suitable for all tillage systems or crops with deep mechanical cultivation.

Although not new, several technological advances have made these systems more efficient. To learn more about
how subsurface drip irrigation works, see Subsurface drip irrigation for corn by Netafim
(https://www.bing.com/videos/riverview/relatedvideo?q=what%20is%20subsurface%20drip%20irrigation&mid=139A1A0E0BF6D12E
35F6139A1A0EO0BF6D12E35F6&FORM=VIRE).
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Sprinkler head and nozzle technology

Modern sprinkler nozzles used in pivots, laterals, handlines and wheel-lines have
improved substantially in uniformity, ease of maintenance and resistance to wind drift
and evaporation. Many nozzles now include pressure regulators, multipattern spray
options and self-flushing features (turning on/off nozzles to flush debris without
requiring uninstall). These features ensure consistent output across a range of
operating conditions. Upgrading nozzle packages is one of the most cost-effective
ways to improve irrigation efficiency.

Key characteristics
« Improved droplet size control to reduce misting
» Side-delivery or fan-pattern sprays for better coverage

« Pressure-regulating stems for consistent flow

Figure 12. A modern

 Multi-function designs allowing flushing without removal

« Available for pivots, laterals, wheel-lines and handlines center-pivot sprinkler

assembly showing a

Benefits pressure regulator and

* Better water distribution uniformity spray nozzle mountedona
 Reduced evaporative loss and wind drift drop hose. These nozzle

« Improved infiltration due to optimized droplet size packages help improve

» Lower maintenance requirements and easier nozzle management irrigation uniformity and
 Often the least expensive upgrade for increasing system efficiency reduce wind drift

compared with older high-
pressure sprinkler
systems.

Credit: Bits and Splits, stock.adobe.com

Considerations

» Must match nozzle package to pivot pressure and flow.

» Inadequate pressure can reduce uniformity.

 Regular nozzle inspection is needed to detect wear.

» Some nozzles may require filtration upgrades to avoid plugging.

« Improper nozzle selection can increase runoff or reduce coverage.

Key takeaways: Choosing irrigation technologies

Selecting the right irrigation technology depends on your field conditions, crop needs and management
capacity. No single system is best for all situations.

Start with scheduling and monitoring tools
« Improve timing and reduce overirrigation before investing in new systems.

Match application method to soil and field conditions
« Sandy soils benefit from frequent, low-depth applications.
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« Clay soils require slower application rates to avoid runoff.
 Lower nozzle heights improve efficiency.
» Systems like LESA and LEPA reduce wind drift and evaporation compared to mid- or high-elevation sprinklers.

Precision technologies improve efficiency when variability exists

« Variable rate irrigation is most beneficial in fields with differences in soil, slope or crop conditions.

» Higher efficiency systems require more management.

» Technologies like LEPA, MDI and SDI can achieve high water-use efficiency but require proper design,
filtration and maintenance.

Combine technologies for best results
« The greatest improvements come from integrating scheduling tools, sensors and efficient application
systems.
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