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Assessment of Orange Irrigation and Fertilization by Combining Grower Operational Records, 
Actual Evapotranspiration, Soil, and Plant Tissue Data 
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Results (cont.)
High-frequency, low-rate (HFLR) irrigation systems (i.e., drip and microspray) are
increasingly common in California. They are often cited as a management practice to
increase both water and nitrogen use efficiencies (WUE, NUE). However, system
operation strongly influences WUE and NUE, so the potential benefits of widespread
HFLR infrastructure can only be realized if the systems are operated in modes that
allow the achievement of these goals.

Objective: Identify opportunities to improve production and environmental outcomes
based on detailed operational, soils, and ET information for a 29-acre block of Atwoods.

Background and Objectives

• Preliminary indicators only:
• Maintained soil moisture in adequate range without triggering evident drought stress.
• Field is producing more vigorous growth in better and poorer areas, tissue N sufficient.
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• Location: medium-sized farm on the Kings River fan near Fresno, California, with 29
acres of Atwood oranges with significant north-south heterogeneity (Figure 1).

• Leaching assessed with site-specific ETa and soil sampling.
• Soil survey and operational information, were used to better understand site-specific

performance and identify specific management shifts.
• 3 fields served by a single pump without isolation valving. Modified to facilitate

isolated operation & to add flow meter.
• ETa (Paul et al, 2016) for the fields for a 7-year period, along with soil nitrate and

salinity (ECe) profiles and leaf tissue N (both from 2017), provided multiple,
independent indicators of management and outcomes.

• Grower evaluated production & environmental outcomes and increased irrigation &
fertigation frequency while sharply reducing overall amounts.

Figure 1. Paul et al. (2016) used a Surface Energy Balance
Algorithm (SEBS) to estimate ETa from California’s irrigated
lands, and this map shows ETa from the 2014 season, with
permanent soil sampling locations selected within the
dominant soil mapping units.

Figure 2. Grower with
trees in strong
southern, and poor,
gravelly northern
section of field. Note
stunted tree in middle
frame. All trees exhibit
more new growth than
previously during 2018.

Figure 4. Operational
records indicate a
sharp shift to more
frequent and overall
reduced rates of N
and water, yet soil
moisture appears
adequate and growth
good.

Figure 3. June soil ECe and nitrate profiles from representative, permanent soil sampling locations.

Results

• Analyze 2018 soil and plant tissue results relative
to management shifts and production
information.

• Evaluate production outcomes and identify
needed adjustments.

• Investigate opportunities to independently
operate the 3 fields depending on a single pump.

• Once long-term practices are identified, modify
infrastructure to render them sustainable and
replicable.

Yet to Come
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Average run time: 
31 h

Average run time: 
10 h

Average 2018 
application: 

4.5 lb N/a

Average 2018 
application: 

6.8 lb N/a


