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~2 million ha irrigated
>90% water usage is for
irrigation

80% Center Pivot

15% Gravity
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Wireless infrared thermometers and mesh network
developed at ARS Bushland (O’Shaughnessy et al.)
Commercialized by CRADA with Dynamayx, Inc., Houston, TX

GPS guided
moving irrigation
system as a
platform for plant
sensors
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Moving network of plant sensors

802.15.4 IEEE communication standard
ZigBee stack

Mesh networking

Central data collection and management

Remote communication and data access




Site-specific Irrigation Management with a Supervisory Control and
Data Acquisition (SCADA) System
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e A few recent refinements at ARS Bushland

Replaced clumping index with geometric view factors (Colaizzi et
al., 2010; 2012a; 2012b; 2012c)

Replaced Priestley-Taylor with Penman-Monteith for initializing
transpiration (Colaizzi et al., 2012d; 2014)

New soil heat flux model that partitions sunlit and shaded soil
surface (Colaizzi et al., 2015a; 2015b)

Additional details appropriate for circular crop rows (i.e., center
pivots) at 1 to 5 m scales (Colaizzi et al., 2015c)
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+ Soil water evaporation (E) ~ Plant transpiration (T) + Soil water evaporation (E) 2 Plant transpiration (T)
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Calculated ET (mm d)

n=>53
IOA =0.80
RMSE = 0.9 mm (13%)

MAE = 0.7 mm (10%)

| MBE =-0.5 mm (-7%)
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Measured ET (mm d)

Calculated ET (mm d)

n=53

|I0A=0.83

RMSE = 0.9 mm (12%)
MAE = 0.6 mm (9%)

I MBE = 0.5 MM (7%) o4 ¥
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Test TSEB Model (Bushland
version) for Center Pivots

| is metered
P measured by tipping bucket

RO controlled by furrow dikes, irrigation
scheduling

DP controlled by irrigation scheduling
LF controlled by large plots



Test TSEB Model (Bushland
version) for Center Pivots

Depth control stand (Evett et al., 2003)

Measurement intervals limited to weekly or biweekly
No separate E or T measurements yet



Depth control stand Calibration of Pullman clay loam soil, Bushland, TX
(Evett et al., 2003) (Evett et al., 1995)

NEUTRON SCATTERING
SER. NO. 5447, B HORIZON

Middle line is regression line. Upper and lo
lines are 95% confidence intervals.




TSEB ET:

Predicted Temperature (7 )
Measured reference —Reference Temperature (7,

Temperature at time
(T ern)
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One-time-of-day remote
temperature measurement
attimet, (7.
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n =353

|IOA =0.59

RMSE = 13.3 mm (32%)
MAE = 10.3 mm (25%)
MBE =-2.1 mm (-5%)
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Greater discrepancies

compared with

lysimeters:

* Less frequent ground
truth (biweekly)

* Rainfall uncertainty

* Plant w, h,, LAl
uncertainty 40 60 80 100

* Moving IRT vibration ETc, Soil Water Balance (mm)
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Wireless IRTs aboard center pivots can provide thermal
measurements

Spatial resolutions are

Repeat frequency and field coverage depend on pivot
speed,

Micrometeorological data are required that meet
reference ET quality standards

TSEB (ARS Bushland version) recommended



