Optimization of Water Use and Nitrate Use for Almonds
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Background | , -
This study was funded to monitor soil water and nitrate movement for 2 micro irrigation Fig. 4. A schematic top view of ® ree | Nl S
systems (drip and fanjet). We will determine soil physical properties and almond tree the installed soil moisture Wi B ol
root distribution, and simulate soil water movement and nitrate transport and root SENsors, o!eep tensnom.eters, ,/\
water/nitrate uptake. System design parameters will be optimized to minimize nitrate an.d solution san.1ple.rs in (A) e P N
leaching. Drip and (B) Fanjet site. . & L: ) Z ;;_;E j ;{,.
Objectives llx 20 f mo e N m 250
=Collect a full range of data, from both ongoing field tests and other sources, as inputs for Deeb tensiometer "O | H.l' ~ B 7 it
evaluating the computer-based HYDRUS-2D simulation model as an optimization tool P . lﬂ (_TY ° y ©
applicable to almond research and management. For .each tree four pairs of deep & II‘ " '! x
=Evaluate and test the HYDRUS-2D model, using field data from existing fertigation trials. tensiometers have been installed to _
=Use the HYDRUS-2D model as a system-design and event-scheduling tool to establish evaluate the possible leaching of
irrigation/fertigation guidelines for use by the growers. water an.d dissolved nitrates using _

the equation below. q = leaching (cm/ day)
Irrigation system K (0) =average unsaturated hydraulic

are evaluated, to water and nitrate iR S EEEEES 0, s =—K(6)
application  efficiency and  root B g =
water/nitrate  uptake. For each o o
irrigation system, one tree was selected S~ 28 =
for detailed instrumentation for the I sl
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— water status. g b 5

6 =Volumetric soil water content
H, =total head at B

H , =total head at A

Az, , =distancebetween Aand B

AZ, 5

N

Z

Fanjet application pattern

Figure 1 shows the spatial distribution of fanjet
wetting pattern. A very non-uniform application
pattern results the variation of water
distribution and therefore a variation of root
distribution within the root zone.
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Fig. 5. A schematic of the tensiometer installation below the tree root zone.
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Soil hydraulic properties
Using the multi-step outflow method the soil hydraulic properties of collected undisturbed
soil cores are being measured in the laboratory (Nasta and Hopmans, 2010; Tuli et. al. 2001).
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Fig. 1. Spatial distribution of fanjet application pattern . The contoured values represent
the total irrigated water captured (ml) over one hour irrigation

Soil Profile

The soil profile under both drip and fanjet system was analyzed for soil texture, bulk S =
density and soil layering. Figure 2 shows representative soil layers and measured soil e e ' '
properties for drip and fanjet.

Fig. 6. Collecting undisturbed soil sample in the field and measurement of soil hydraulic

, Bulk Bulk , properties of undisturbed soil core in the laboratory (outflow method —Tempe cell)
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For each tree four pairs of deep tensiometers were used to calculate the leaching of
Fig. 2. A schematic of soil layers for both Drip and Fanjet plot and soil particles water out of the root zone.
percentage for each layer.
» Larger variation of soil matric potential in fanjet site compare to the drip site.
STE »Similar decreasing trend of soil matric potantial from spring through summer.
‘xm [ [ [ [ [ [ [ [
‘ﬁ »Lower water leaching in fanjet site due to finer soil material and a shallow clay layer in
Soil water content addition to a deep clay layer compare to the drip site where only one deep clay layer
A total of 32 5TE Echo sensors were installed for each tree in a 3 by 3 grid pattern at exist.
different depth to monitor temporal and spatial variations in soil water content, EC, »Significant uncertainty on soil unsaturated hydraulic conductivity requiring additional
and temperature within the rooting zone. analysis of soil hydraulic properties.
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Fig. 8. Spatial variations of (a) matric potential at the 200 and 200 cm soil depth, (b) total
head gradient, (c) unsaturated hydraulic conductivity, and (d) leaching rate for the fanjet
and drip system, as measured at 4 locations (Fig. 5), starting April 1 through October 17.
Average values are presented by the thick black lines, whereas the spatial variations are
presented by the error bars. The pink, blue, and red bars represent irrigation, precipitation,
and fertigation events, respectively.
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Preliminary result of one dimensional HYDRUS modeling

Figure 5 shows the measured and simulated temporal and spatial variation of soil water
content in the root zone under fanjet irrigation system. The hydraulic properties of
different soil layers in the soil profile and the evapotranspiration from weather station
along with irrigation rate for fanjet irrigation system was used as input parameters for the
numerical model HYDRUS-2D to simulate soil water movement and root water uptake.

»Soil water content at depth of 180 cm is very low in fanjet site, while it is relatively high
in the drip site indicating possible leaching.

» There is high water content at depth 120 cm which is right above the clay layer.

» Different spatial water content due to non-uniform water application of fanjet.

» Immediate response of sensors at depths 30 and 60 cm to the irrigation/precipitation
event, while gradually decreasing/increasing the water content over the dry/wet season.
»Simulated water content at depths of 30 and 60 cm shows similar trend as what was
measured in the field.

»Not significant change in measured water content at deeper depth , while the
simulation results shows responses of deeper depth to irrigation and precipitation.
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Fig. 9. Temporal and spatial variations of measured ( ), and simulated (black line)
water content in the root zone under fanjet irrigation system.

Next step

Calibration

Measured soil water content, water and nitrate leaching will be used to calibrate the
HYDRUS model for the almond orchard condition. Finally, the calibrated model will be
used to run various scenarios and provide the growers with a guideline for irrigation
system selection, irrigation and fertigation management.
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