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Hygroscopic®™™
Tightly bound to

soil particles. Not
available to plants.

Capillary «==""

Surface tension
attracts water to the
surface of the solid

fraction. Is available

to plants but less so as
it is depleted.

z+3J A& °EZ
Moves quickly in large

pores between soil

particles. Does not remain

in place for long. Only

available to plants when it

IS present.




Critical Moisture Levels
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Field Capacity

Saturation
Saturation Field Permanent
All pores are Capacity Wilting
full of water. .
Gravity drains Water content Point
theysoil when drainage None of the
: stops.

water remaining
is available for
plants
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Main factors affecting soil water storage capacity: Solil texture, Structure, Organic Matter
Content, Soil Compaction

Soil Particle Size
Sand
Very Very
Fine Fine |Hutlum Coarse o
<0.002 mm 0.002 -0.05 mm 0.05 -2.0 mm
=().00008 inch 0.00008 - 0.002 inch 0.002 - 0.08 inch

Relative Sand, Silt, and Clay Particle Size

Clay Soil
Smaller Pores &

Larger Pores &
Greater Total Pore Volume Less Total Pore Volume



Main factors affecting soil water storage capacity: Solil texture, Structure, Organic Matter
Content, Soil Compaction

Normal soil

mchd soil (m air a tr)

Soil Structure Soil Organic Matter

Soil Compaction



How much will fit

Saturation —»

Field Capacity (FC)—

Plant Available Water

Total pore

Permanent Wilting space

Point (PWP) —>

Oven Dry —



Ways of quantifying moisture

A Volumetric :

A Inches per Inch, inch per foot, percent
A Depth :

A Inches = Volumetric x Soil Depth
A By Mass :

A grams per gram
A By Force (aka Soil Water Potential):

A centibars



Plant Available Water

Inches of water / ft. soil depth
N
1

Unavailable Water

0
Sand Loamy Sandy Fine Loam Silt Silty Clay Silty Clay
sand loam sandy loam clay loam clay
loam loam
Fineness of texture >

Figure 1. General relationship between soil moisture and texture.
Ohio Agronomy Guide, 14th edition, Bulletin 472-05
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0 to 1 percent slopes
Component Name: Sherm
Component Key: 11507578
Soil Data Explorer | Series Extent Explorer
Official Series Description

A Soil Profiles

Typical Profile "

sand @ >

] )

.

Depth (cm)

0 20 40 60 80
Sand (%)
View Source Data

¥ Soil Taxonomy
¥ Land Classification

A Hydraulic and Erosion Ratings
Wind Erodibility Group: 7 ()

Wind Erodibility Index: 35 (£

T Erosion Factor: 5

Runoff:

Drainage: Well drained

Hydric Rating: No (£

Hydrologic Group: Group C

Parent Material: silty and clayey loess
Total Plant Available Water (cm): 26.46

¥ Soil Suitability Ratings




Soil & Management Parameters for Irrigation Scheduling

Plant Available Water for different soil texture

Plant-Available Water

Soil Texture Holding Capacity (inches

of water per foot of soil)
Very coarse sands 04-0.75
Coarse sands, fine sands, loamy sands 0.75-1.25
Sandy loams, fine sandy loams 1.25-1.75
Very fine sandy loams, loams, silt loams 1.50-2.30
Clay loams, silty clay loams, sandy clay loams 1.75-2.50
Sandy clays, silty clays, clays 1.60 -2.50

Source: Schwankl, L.J. and T. Prichard. 2009. University of California Drought Management

Find your soil with SoilWeb https://casoilresource.lawr.ucdavis.edu/gmap/
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Soil Water Characteristics Tool

A Included with the SPAW Model
A Helpful when only texture is known

A Statistically derivedy has some error



Advanced Soll
Mapping

The right amount, at the
right time,
In the right place

A New Tech: soil mapping

Root Zone Plant Available Water
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Soil Water Measurement Methods

Soil water can be measured and expressed by gravimetric and volumetric water content,
depth of water, and soil water potential

Gravimetric Water Content: Usually directly measured in soil laboratories
m = Mass of Water / Mass of Dry Soil

Example:
Moist soil weight = 120 grams

Oven-dried soil weight = 100 grams
Water weight = 20 grams
Gravimetric water content = (20/100) = 0.20 gram of water / gram of saill, or

Gravimetric water content =0.20 x 100 = 20%



Soil Water Measurement Methods

Volumetric Water Content: Difficult to measure directly in
fields

v = Volume of Water / Bulk Volume

Wet Soil Sample with Known Volume Volume of Water




Soil Water Measurement Methods

Volumetric Water Content: Difficult to measure directly in fields

v = mX Bulk Density -

Bulk Density (g/cm?3) = Dry Soil Weight (g)/ Soil Volume (cm?)

Example: j
Gravimetric water content = 0.20 g/g

Bulk Density = 1.25 g/cm?3

Volumetric Water Content (VWC) =0.20 x 1.25 = 0.25, or
Volumetric Water Content (VWC) =0.25 x 100 = 25%




Soil Water Measurement Methods

Equivalent Depth of Water: Volumetric water content multiplied
by depth

d= ,xL
Example:

,= Volumetric Water Content (VWC) = 25% = 0.25 fraction (inch
per inch)

_1Zinches Soll Depth

L = Soil Layer = one foot = 12 inches

d = Water Depth = 0.25 x 12 inches = 3.0 inches of water in one
foot of soill

Maist Sail

Volumetric Water Gontent
=28%

1Zinches Soil Depth




Soil Water Measurement Methods

Soil Water Potential: A measure of the Air = -1000 bar
energy state of water in the soil

Water always moves from an area of higher
potential to a lower potential

Leaves
From soil to roots; to the canopy; to the
atmosphere.

-'}’...‘::Q'. _’/ —._.. _‘ I
Ll T TR

Root =-1.0 bar

(W
Soil =-0.5 bar




Soil Water Measurement Methods
Soil Water Potential: A measure of the energy state of water in the soil

Soil water can be classified into three types based on energy state:
Gravitational: zero to -1/3 bar
Capillary: -1/3 bar to -31 bar
Hygroscopic: Less than -31 bar
Plant Available Water: -1/3 to -15 bar
-1/3 bar = Field Capacity

-15 bar = Permanent Wilting Point

Readly
Drained
Water




Depletion

Transpiration

A How much
water did the
crop use ?

A Replace only
that much

A Plus % to
compensate
for efficiency

Evaporation
—— Runoff

Unsaturated zone
i Root zone

Groundwater recharge and flow

Saturated zone |



How much Is needed ?

Sat >

Excess Water l
FC —» _

PWP —>

Depletion <’"

Water used by the crop




Management Allowable Depletion

Saturation —»

Field Capacity (FC) —>

MAD usually,
Plant Available Water 50% Of

PAW

Permanent Wilting
Point (PWP) —>

Oven Dry —



How to choose MAD

AWhat moisture level causes stress?

AHow much stress are you willing to
tolerate?

AHow long can you wait between
irrigations?

AHow uniform is your irrigation
system?

AHow variable are your soils?

AShort return time:
MAD > stress level

AlLong return time:
MAD < stress level

ALow stress tolerance:
MAD >= stress level

AHigh/Moderate stress tolerance:
MAD <= stress level



Soil & Management Parameters for Irrigation Scheduling

Managed Rooting Depth




Components of efficiency

evaporation
precipitation ' transpiration
‘ soil surface & plant
; leaf water storage
evaporation
t runoff
root zone soil
‘ water storage
ti
_____watertable 4 pathoison



Physical Partitioning of water

Gain Loss

A Precipitation A Spray Loss & Drift

A Irrigation A Surface & Canopy Evaporation
A Perched water table A Run Off

A Evapotranspiration
A Deep Percolation



Conceptual Partitioning of water

A Consumptive Use
.

A Non-consumptive Use
;

Water that ends up in the atmosphere of
is harvested with the crop

Water that leaves the region (or field) but
may be used elsewhere

A Beneficial Use

Irrigation in support of production of
crops

A NonBeneficial Use

Consumptive use thatis unnecessary fo
production of crops

A Reasonable Uses

benefit

A Unreasonable Uses

i Water applied that is not used for
production of crops but still provides some

i Water that provides no benefit of any kin

1=




Different kinds of efficiency
A Irrigation Efficiency

(0 008000 pin mll i doion

) ° ® £8GQIBD WO &N N a AURQW DM € | AR

A Application Efficiency

% 88 4zlz’l'ﬂnnb

A Water Use Efficiency

7 5% 3 pmmbp



Other Performance Measures

A Irrigation Sagacity
I Water beneficially and/or reasonably used

A Adequacy

I Fraction of the field receiving at least the target amount

A Potential Application Efficiency

I Depth of water contributing to the target, relative to the target required by the
low quarter

A Irrigation Consumptive Use Coefficient



AA
AA
AA

D
D
D

0
0
0

Factors affecting efficiency

ication Rate
ication Depth
ication Technology

ASoil & Slope Limitations
ATiming/Scheduling
AUniformity



Uniformity




Efficiency vs Uniformity

—

Root

Zone

4

BelowRoot

Zone
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Uniform & Efficient
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Non-Uniform & Inefficient

No deep percolation, but stressed crops because
application is uneven

f
Root

Zone

4

BelowRoot

Zone
!




Non-Uniform & Inefficient
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Uniform & Inefficient

f
Root

Zone

4

BelowRoot

Zone
!




How to quantify uniformity

A Distribution Uniformity

I The ratio of volume in the low 07y Q
guarter and the average of the field 0
d

i C20dzaSR 2y GKS a&af2¢ | dzF NI SNE

A Coefficient of Uniformity
i G/ 'é I KNRAGAI yaSyQa ' yAT2NYAGS

|

I Based on applied water ~ i
I Focused on sprinkler systems > S|Vi—=V,)
I Special version for pivots : .CU4=100| 1—-

Hermann & Hein equation i Vs




Distribution Uniformity

A The ratio of volume in the low quarter and the average of
the field

oY —
© Q

A Example:

I Suppose we measure a single irrigation event at 100 places|
randomly across the field

Lat: 35.1669
Lon:-102.0902



Depth applied
would look like

this
Sorted, it
would look like
this
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1.2

StdDev=0.05
diq = 0.933 o
0.6
dayg= 1.0
0.4
DU, = 93% N
0

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97

1.4

StdDev =0.1
1.2

d = 0.86 :
Opg= 1.0 o2
0.6

= 0,
DU, = 86% -
0.2
0

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93 97

U Aincrease in variation translates to a droid,




Factors affecting Uniformity

A Design
I Elevation
I Pressure regulation
I Emitter spacing
A Wear
I Water quality
I Fouling or clogging
I Wind/Hail/Animal
I Cultivator blight



The Value of Uniformity

Yield Map, Field Corn, 2013
near Horse Heaven Hills, WA

A sprinkler went bad.
Guess which one.




Refill Point

PWP

Oven Dry
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Plant Available Water in Field: Example 2 (Corn (field))
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The Right Amount The Right Time

How much water should | apply ? When should | apply it?
This involves answering three basic questions: The basic questions:
1. How much water will fit in the soil? 1. What is the current depletion?

2. How much will stay in the soil? 2. What is my target depletion?

3. Howmuchis available? 3. What is happening now or soon?

g AVAILABLE WATER @ DEPLETION

@ EFFICIENCY @ MANAGEMENT ALLOWED
DEPLETION

6 DEPLETION

g MEASUREMENT



Methods for Scheduling Irrigation

A Water Balance +
Evapotranspiration

A Soil Moisture
Measurement

A Plant Status
A Interval




Soil & Management Parameters for Irrigation Scheduling

Soil Parameters:

F|e|d Capacrty (FC) Saturation

>

Excess Water

Permanent Wilting Point (PWP) sk Copmchy (%) -

100% Available

.

Management Allowed
Plant Available Water (PAW) Depletion (MAD)

Refill Point
Usually 50% of PAW

Plant Available
Water (PAW)

Plant Stressed Available Water
Permanent Wilting

> 7 0% Available
Management Parameters: Point (PWP)

Unavailable Water

Management Allowed Depletion (MAD) T,

Managed Rooting Depth



Soil & Management Parameters for Irrigation Scheduling
Management Allowed Depletion (MAD)
Average MAD = 50% (general guideline)

Lower MAD level may be desired for:

- Lighter soil texture to ensure soil does not dry out too quickly leading to stress.
- Hotter, drier climate conditions to reduce stress during peak hours.

- Younger citrus trees could benefit from a more consistent soil moisture.



Irrigation Scheduling Saturation

Excess Water
How much water to apply: Field Capacity (FQ) 100% Available

4

Management Allowed

Readily Available Water (RAW): letion (MAD)
Depletion (MAD

_ Refill Point
Usually 50% of PAW

Total Available Water (TAW) = (FC - PWP) x Root Depth

Plant Available
Water (PAW)

Readily Available Water = MAD x TAW Plant Stressed Available Water

Permanent Wilting 0% Available

Point (PWP)

-
-

Example:

TAW = 1.5 inches/foot, a sandy loam soill Unavailable Water
Oven Dry’

MAD = 50%, management choice
Managed Rooting Depth = 2 feet, management choice

Readily Available Water (RAW) = 1.5 in/ft x 2 ft x 50/100 = 1.5 inches



Irrigation Scheduling

When to to apply:

Requires direct soil water measurement and/or checkbook accounting/water balance approach to keep
track of Soil Water Deficit (SWD).

Evapotranspiration

Rainfall

Components of root zone water balance:

SWD =SWD_, + ETg + DP, - |; - (P- RO)

SWD = Soil Water Deficit on the current day 5, Irrigation
SWD,_; = Soil Water Deficit on the previous day
ETc = Crop evapotranspiration on the current day
DP, = Deep percolation on the current day

l; = Net irrigation application on the current day

\ Bottom of
Deep Upward flow managed
Percolation (neglected) rootzone

(P- RO) = Precipitation less runoff on the current day



Irrigation Scheduling

Measuring/Calculating/Estimating components of water balance

SWD = calculated using other components, or measured for verification/adjustment:

Example:
Volumetric water content at field capacity = 23% = 0.23 fraction, inch/inch

Current/measured volumetric water content = 17% = 0.17 fraction, inch/inch
Rooting depth = 2 feet = 24 inches

SWD measured = (0.23-0.17 ) x 24 = 1.44 inches

ETc = estimated using reference evapotranspiration and crop coefficients
DP = calculated as the residual of water balance

| = measured with flow meter, or estimated based on irrigation runtime

P = measured at the orchard or estimated from the local weather station

RO = estimated, if any



Irrigation Scheduling

Estimating crop evapotranspiration (ETc)

ETc = Reference Evapotranspiration (ETo) x Crop Coefficient (Kc)

ETo = Available from CIMIS weather stations

Kc = Available from UC research data

Kc for full grown citrus orchard ~ 0.65 - 0.70
Maximum ETc occurs at 60% to 70% ground shading
Kc for young orchard:

A fraction of full depending on the percent ground cover

Percent of the Evapotranspiration
of a Mature Tree

= 2 B 8 & B B

a

W o2 3 40 0 &0 T B0 90 100

Percent Ground Shading

Source: UC Publication 8212




The basic Scientific Irrigation Scheduling process

Get the
Data

Evaluate Evaluate
Constraints Need




DEFICIT IRRIGATION



conventional
scheduling

National Engineering
Handbook, Part 652,-92

The need for proper irrigation water management,
including irrigation scheduling, can best be demon-
strated by identifying physical effects. To be most
effective, identify the physical effects the irrigation
decisionmaker is most concerned about, then show
how proper irrigation water management will affect
the concerns. The concerns include:

» Energy cost per season (fuel or electricity)

« Irrigation labor (kind of labor, timing, and

amount)

* Wear and tear on irrigation equipment

+ Plant response (yield) compared to potential

* Quality of product or crop

* Amount of irrigation water used

* Soil condition

+ Plant response to fertilizer used

+ Water quality onsite or offsite

Modern scheduling is based on soil-water balance or
crop-water balance for one or more points in the field.
By measuring existing and estimating future soil-water
content or monitoring crop-water stress level, irriga-
tion water can be applied before damaging crop stress
occurs. Scheduling irrigation involves forecasting of
crop water use rates to anticipate future water needs.

(210-vi-NEH, September 1997)



Conventional scheduling is predicated on avoiding crop
stress

AGLNNRAIFOGAZY aK2dzZ R 6S YIylI3ISR G2 | g2
j dzl £ A G @& ¢
i (Agronomy 11, 1967)

Aa{2Af 6+ 0GSN 4K2dZZ R 0SS YIAYGlIAYSR | 062
I (SCS National Engineering Handbook, 1993)

Ad¢KS ANNRIIGAZ2Y 61 GSNI NBIljdZANBYSYylG Aa
Fdzt £ LINPRAzOUGA2Y LRUSYUOUALF T €
i (FAO Irrigation and drainage paper 24, 1992)
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A lIrrigation Scheduling means applying the right amount at
the right time
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Deficit Irrigation

71% irrigation, 95% yield,
A
Full irrigation, 100% yield 0.226 T/ha per cn{64% increase)
0.138 T/ha per cm




Example: A yield function for wheat |

eastern Oregon

wheat yields: Hermiston
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Conceptual crop production function

U Improvements in
Application Efficiency shift
the whole curve to the left.

-- The same yield outcome
but with less water

U Improvements in uniformity
reduce the losses as you
approach maximum yield

Yield

Both of these things translate
into improvements in Irrigation
Efficiency.

Water Applied



Corn Production Function (heavy clay soil)
@

Total Water Used, in.
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Source: Marek & Cox

Figure 3. Generalized corn production function — NPRF area. (Marek and Cox, 2008).



Almond Water
Production
Function
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Almond Board of California.
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—— (Applied)
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Average soil water content (inches/foot)
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Tehama

Inches of water

Merced
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60+
Date, 2017

e

and

104 Tehama

2
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Date, 2017

Figure 1. Seasonal pattern of cumulative applied irrigation amounts (left panel) and average soil water
content (1" — 9" depth, right panel) at each of the three WPF sites in 2017. For reference, the dashed lines in
each graph of the left panel are the calculated water need (ETc — rain) for almond using the most accurate
estimates available for local, real time reference ET (spatial CIMIS ETo) and almond crop coefficients (Kc). In
essentially all cases, the cumulative applied irrigation ranked in treatment order, from the lowest to the
highest irrigation treatment level at each site (only Kern shown for clarity). Note that these are entire seasonal
values, rather than the March 1 — September 1 values shown in (Table 2). Note also that the variation in
applied water for Merced in July was due to the unavailability of water meter data for some blocks on some
dates — after this time the cumulative values are accurate. Soil water content was averaged over all
treatments, only to illustrate the overall seasonal pattern and differences between sites.




Costs And Incomes ($/ha) (Thousands)

Winter Wheat Production Function
from English and Raja (1996)

1,400 - - 12.0
MaximumyYield
12007 @609cm | 100
1,000 - /
/ - 8.0
800 -
- 6.0
600 / Maximumincome
a— - 4.0
400 - \
200 - - 2.0
0 i T T T T T T T 00
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Applied Water (cm)
= Production Costs ($/ha) ==Net Income @ 147 $/ton Yield (kg/ha)

Yield (kg/ha)



Conventional Il rrigati on

Costs / revenues $$

Applied water



Profits are increased with deficit irrigation

profit maximizing water use with reduced costs
of energy, labor, fertilizer, harvest




Profitability is greater when there are
opportunity costs for water

profit maximizing (Wy) levels of water use
with opportunity costs

€-=-=-==- - =
water sayved




Applying the Right Amount at the Right Time

Irrigation Scheduling Deficit Irrigation
A biological goal An economic goal
Irrigation A
) SR Managing
Olrtrilr%?ggtrilon Limited Water
P Supply

o 4

Crop Use




Definition

Deficit Irrigation is the deliberate undetirrigation of a crop, typically
for maximizing net returns from water.

Also known as:
ARDI: Regulated Deficit Irrigation
AMDI: Managed Deficit Irrigation



Having a DeficnvsT Doing Deficit

Acc 2RUDLWE WT Un RHRG] Wa 1Jec Ut W Ye W Y UK
needs.
AlIf you farm in California, you probably have a deficit.
Alf you are entirely groundwaterdependent, you have a deficit.

ADoing deficit irrigation meansactively and intentionally
managing the deficit.



Deficit Techniques

ADelayed start time
AMAD greater than 50%

AVariable Application Depth
ATarget application depth less than RZD * FC

AProportional Deficit
Areplace a percentage ofETcfrom yesterday (or since last irrigation) and
vary the % over time.
A Proposed by UCCE researchers (David Doll et al.)
A Works best when starting with a full profile (wet winter).
A Usually requires a full refill at some point during the season.



Deficit Irrigation

AHas Higher Risk

AHas variable
efficiency

ARequires better
precision

AYield estimates are
necessary

Costs And Incomes ($/HA) (Thousands)

1.40 -
0 Gross Income @ 0.147 $/Kg
1.20 - //
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1.00 - 0
vt
¢
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n
0.40 - 5
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© =

= S

o =)
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0 20 40 60 80

Applied Water (cm)

Fig 5. Gross Income and Production Costs for Féld L
(English, M. J. 1990)



Methods for Scheduling Irrigation

A Water Balance +
Evapotranspiration

A Soil Moisture
Measurement

A Plant Status
A Interval




Methods vs Tools

Tool
Method

A A process or procedure that A A device or thing that helps
helps determine a course of execute a decision
action A Tools support Methods

A A theory or framework for A A tools may not be necessary but
analyzing decisions it must at least make the job

A Ties decisions to a goal easier

U Choosing a method depends on how you want to manage
irrigation

U Choosing the tool is a practical decision



Anatomyof a Scheduling Tool

AWhen to start
ABased on MAD
ABased on Stress

AHow much to apply

Alninches
AHow long to run the system

APrediction

AForecasting
AConsequences

AAutomation
Alnterface
AlIntegration

AUncertainty
AAccuracy
APrecision



AccuracyPrecision, & Uncertainty

AAccuracy determines how well
you can manage irrigation

APrecision determines how
confident you are that the
management is correct

AThis applies in depth, space, ai
time.




Basis for Comparison

FEATURES QUALITIES

When ‘ Depth Time Space
How Much Accuracy

F&C Precision

Automated




Survey of Tools

AcCapacitance & TDR
ANeutron Probe
ATensiometer

ASimple summation
AData sources

ASoft
AGypsum Block orware

AGranular Matrix

A Infrared / Optical

A Remote Sensing

A Leaf Water Potential
A Dendrometer

A Sap Flow



Methods for Scheduling Irrigation

AWater Balance +
Evapotranspiration

ASoil Moisture
Measurement .
Soll
APlant Status Moisture

Alnterval




Capacitance & TDR Sensors
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Capacitance & TDR Sensors

Strengths: Weaknesses:
- Continuous measurements - Sensitive to air gap, so need proper
- Repeatability of measurements installation
- Sensitivity to small changes in soil - Imperfect accuracy
water content - Small area of measurement
- Usable trends - Affected by soil texture and salinity
A Measure the dielectric constant of soil to estimate the soil water content
A Dielectric constant is primarily affected by the water content:
A The constant is about 4 for dry soil, 1 for air, and 80 for water
A Most common dielectric sensors are capacitance and TDR
A Capacitance sensors measure changes in electrical capacitance caused by soil water
A TDR sensors measure the travel time of electromagnetic waves transmitted into the soil



Capacitance Probes

Measures the dielectric property of the soil EnviroSCAN PROBE DESIGN

A Str/'fngths TOP CAP___ i‘[// i \\n "
le tren g
A :(Saggr?stseoild\?vater content ACCESS TUBE | ' .
A Easy to log data (redime) e —
A Weaknesses SENSOR ' SENSOR
A Imperfect accuracy ELECTIRE b B~ 10cm
A Inconsistent (high variability) ' ,j SOIL

A Small sample area ' SENSOR
A Can be expensive '_'))))) zna(t:m
A Proper installation is critical, and :

difficult to do

o SENSOR
A Affected by salinity and temperature t

a
30 cm
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Similar sensor, longer time range
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Practical Tips

A Determine the range of
readings
I Take a reading at Field Capacity

I Take a reading when you know
the soil is extremely dry

A Capacitance probes are very
sensitive to installation. Be
careful and consistent.

A52y Q0 F aadzyS N
are accurate
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Calculation of number of access tubes needed to find the
mean water content in a field to 0.02 (m3-3
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M Irrigated ®m Dry
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S. Evett et al, 2010n-Soil and Dow+iHole Soil Water
Sensors: Characteristics for Irrigation Management.



SOoIL MOISTURE

Capacitance Probe

FEATURES

When

How Much

F&C

Automated

Yes
No/Maybe
No

Yes

QUALITIES

Accuracy

Precision

‘ Depth

Time

Maybe/No Yes

Yes

Yes

Space
No

No




SOoIL MOISTURE

T D R P rO b e www.stevenswater.com

A Measures Dielectric properties of soil

A Similar in principle to Capacitance probe but very
different method of measurement

A Some TDR have good accuracy

A Measures a larger volume
of soil

Ab20G | GLINRFAL S

http://www.acclima.com/



SOoIL MOISTURE

TDR Probe

Features

When

How Much

F&C

Automated

Yes
No/Maybe
No

Most but not all

Qualities

Accuracy

Precision

Depth
Maybe/Yes

Yes

Time

Yes

Yes

Space
Some

Maybe




Buyer Beware

Aalye WwWiz221 ftA1SQ LINRO6SaA
A Very cheap

o Not reliable




SOIL MOISTURE

Neutron Probe

Strengths
A Accurate Volumetric Moisture
A Large soil sample area

A Not sensitive to temperature,
salinity, or pH

A Easy to sample at different depths

Weaknesses
A Radioactive material

A Must be licensed to own and operate

A JFyQid fSH@S Ay
A Expensive

iKS

neutron probe

access tube

_‘____,_,,__—cGMe
.radiooctive source
P ~
2 AN
/ /
iy
~ i \\\\sphere of influence

Figure 14: Representation of the neutron probe in
operation on an access tube.



Neutron I;robé iR




SOoIL MOISTURE

Neutron Probe

Features

When

How Much

F&C

Automated

Maybe
Yes
No

NO!

Qualities

Accuracy

Precision

‘ Depth
Best

OK

Time

No

No

Space
No

No




Tensiometer

A Strengths

A Soil water tension (same as
plant sees)

A Less expensive

A Widely used, studied and
accepted

A Not affected by salinity T
A Weaknesses e e B

A Small sample area

A Maintenance

Selected Sensmit: [imgation [JRainfall [lMoaisture t [ Moisture 2 [lMosture

>3
.....




Practical use of TensieBased Soil Moisture Sensors

A High Tension = Low Moisture

A Start with 3650 centibars astartingpoint for no
stress.

A Increase to 8@entibarsor higher for imposed
stress.

U Specific Tension values are available for different
crops

A Correlate numbers to crop condition, then use
numbers in future to indicate degree of soill
dryness.

A Watch deep sensor after an irrigation to indicate
depth of penetration.

Courtesy: Troy Peters, WaShington State UniverSity |mage: \N\Nwldecagondevices_com



SOoIL MOISTURE

Tensiometer

Features

When

How Much

F&C

Automated

Yes
Maybe/No
No

Some

Qualities

Accuracy

Precision

Depth

Yes/
Maybe

Yes

Time
Manual: No
Auto: Yes

Manual: No
Auto:Yes

Space

No

No




Tensiometer

A Strengths

A Soil water tension (same as
plant sees)

A Less expensive

A Widely used, studied and
accepted

A Not affected by salinity e R -

A Weaknesses
A Small sample area
A Maintenance

Selected Sensmit: [Jimgation [JRanfall [lMoaisture t [ Moisture 2 [l Mosture




Resistance Blocks

AKA Gypsum Blocks

Strengths
Inexpensive
Usable trends
Give soil water potential
Easy to log data
Weaknesses
Affected by salinity
Imperfect accuracy
Samples small area
Gypsum dissolves eventually
Calibration changes over time
Sensitive to soil chemistry




SOoIL MOISTURE

Resistance Blocks

Features

When
How Much
F&C

Automated

Yes

No

No

Yes

Qualities

Accuracy

Precision

‘ Depth
No

Yes/
Maybe

Time
Maybe

Yes

Space
No

No




Granular Matrix

Similar principle to Gypsum Block

Strengths

- Gives soil water potential
- Inexpensive

- Usable trends

- Easytolog data

Weaknesses

- Affected by salinity
- Imperfect accuracy
- Samples small area




SOoIL MOISTURE

Granular Matrix

Features

When

How Much

F&C

Automated

Yes

No

No

Yes

Qualities

Accuracy

Precision

‘ Depth
No

Yes

Time
Maybe

Yes

Space
No

No




Methods for Scheduling Irrigation

AWater Balance +
Evapotranspiration

ASoil Moisture
Measurement

APlant Status

Alnterval




Evapotranspiration

A Evaporation + Transpiration

A Measure of how much water
was removed

A Easiest way to use ET: Add it up.

A Most commercial weather
station providers will offer
Cumulative Evapotranspiration
AbSSR I ONRBL) O2ST¥
FAO56 is still a reliable source
FAQOG6 is the updated version

_environmental \1 |

N\ factors @ FET 4q;
Ve [\
VAN

weather ET
parameters | °
crop .% ET,
characteristics
management \




Evapotranspiration & Water Balance

AA method to calculate
current moisture

content
soil surface & plant
] leaf water storage
what goes In
minus
what goes out °Va"f“‘“°" _
minus
what you start with »
equals . infiltration FO0% 200 A0k
G6KIG0Qa f & "‘“""“"9"
deep

There are apps that capillarity
will do the calculation
for you



A combination of two different sources

Evaporatio

Evapotranspir

ation

Transpirati
on




A combination of two different sources

SPoodl

E




ET & WATER BALANCE

Sources of ET data

A OnFarm Weather Station
i ASCE Standard ET Equation
I ASABE Standard EP505
A Weather Networks
i CIMIS
I Some Commercial Services
A DTN OnFarm and many more
T National Weather Service
A Measure
i LFCOR
T Tule sensor

Photo courtesy of USDA NRCS



Two important standards

THE ASCE STANDARDIZED REFERENCE
EVAPOTRANSPIRATION EQUATION

Task Committee on Standardization of Reference Evapotranspiration

Environmental and Water Resources Institute
of
the American Society of Civil Engineers

January, 2005
Final Report

Your Passport to Professional Excellence

S
T
A
N
D
A
R
D

ASAE EP505.1 APR2015
Measurement and Reporting Practices for Automatic Agricultural Weather Stations

American Society of
Agricultural and Biological Engineers

ASABE is a and technical of members who are o of
engineering applicable to agricultural, food, and biological systems. ASABE are

developed and adopted by the American Society of and E to meet

needs within the scope of the Society; field soil
and water resource turf and forest food and process engineering,
electric power applications, plant and animal and waste

NOTE: ASABE Standards, Engineering Practices, and Data are informational and advisory only. Their use by anyone
engaged in industry o trade is entirely voluntary. The ASABE assumes no responsibiity for resuts attributable o the
of ASABE Practices, and Data. Conformity does not ensure compliance with
laws and [ users are for against

liability for infringement of patents.

ASABE Standards, Engineering Practices, and Data initially approved prior to the society name change in July of 2005
are designated as "ASAE", regardiess of the revision approval date. Newly developed Standards, Engineering
Practices and Data approved after July of 2005 are designated as "ASABE".

Standards designated as “ANSI” are American National Standards as are all ISO adoptions published by ASABE.
Adoption as an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria for approval have been met by ASABE.

Consensus is established when, in the judgment of the ANSI Board of Review, i has
been reached by directly and materially affected interests. Substantial agreement means much more than a simple
majority, but not necessarily unanimity. Consensus requires that all views and objections be considered, and that a
concerted effort be made toward their resolution.

CAUTION NOTICE: ASABE and ANSI be revised or wil atany time. b of
ASABE require that action be taken periodically to redﬁrm revise, or withdraw each standard.

Copyright American Society of Agricultural and Biological Engineers. All rights reserved.
ASABE, 2950 Niles Road, St. Joseph, MI 49085-9659, USA, phone 269-429-0300, fax 269-429-3852, hq@asabe.org



Factors to consider when buying a station

A Documentation

A Calibration procedures
A Sensor placement

A Own / lease

A Warranty

i
—

1T

A Maintenance contract
A alerts

TAMU San Antonid/x Station



ET & WATER BALANCE

Scheduling software tools

Public

A Crop Manage
(UCCE)

A Irrigation Scheduler Mobile
(Washington State University)

A Irrigation Management Online
(Oregon State University)

A WaterRight
(Cal State Fresno, offline)

Alrris
(Purdue)

Commercial

ASWAN Systems
Alrrigation For The Future
ALindsay

AX YR Yl ye

Y2 NB



Measuring ET / GRarm

A tule
A Commercial product
A Intended for onfarm use

A Based on the Surface Renewal
Method

Image Credit: www.tuletechnologies.co



Evapotranspiration & WB

Features
When Yes
How Much Yes
F&C Yes
Automated Usually

(dependson provider)

Qualities

Accuracy

Precision

‘ Depth
Yes

OK

Time

Yes

OK

Space
No

No




ET & WATER BALANCE

Atmometer

A Simulates evapotranspiration

A Careful calibration required

A Appropriate fetch is important

A Regular maintenance required

www.etgage.com



Atmometer

ET & WATER BALANCE

Features

When

How Much

F&C

Automated

Yes
Maybe
No

Yes

Qualities

Accuracy

Precision

Depth
Yes / Maybe

Yes Maybe

Time
Yes

Yes

Space
No

No




Methods for Scheduling Irrigation

A Water Balance +
Evapotranspiration

A Soil Moisture
Measurement

o Plant Status Plant
Based




Plant Status

AaSI adz2NBk LX FydiQa NBlaLlRyasS G2
A Since it is based on the plant, has the potential to be most
accurate

I Pro: deficit irrigation is all about managing stress

i/ 2yY @&2dz YSSR G2 GN}YyatlraS GKS
A Some methods measure plant stresby the time stress is

measured, it has already occurred

A Generally (but not always) tells when to irrigate, not how much



Pressure Bomb

AStem Water Potential or Leaf
Water Potential

AMeasures the force the plant is
using to move water

AThis is the force acting against
Tension

Air
(-500 bar)

Leaves
(-15 bar)

Roots
(-3 bar)

Soil water
(—0.3 bar)



MAGNIFYING GLASS

FOIL-LAMINATE BAG

Air pressure in chamber
forces water to cut
surface of stem

METAL CHAMBER i ;
(artist’s conception)

AIR PRESSURE

0?3
9603 FloraPulse : the most accurate irrigation guidance for orchards and vineyard: (
]

www. piisinisu ulniene.com/resources/measurirgge mwater-potential-swp



Pressure Bomb

Without pressure applied Pressure in Bomb equals pressure in leaf

http://fruitsandnuts.ucdavis.edu/pressure_chamber_operation/



PLANT BASED

Pressure Bomb

Features

When

How Much

F&C

Automated

Yes

No

No

some

Qualities

Accuracy

Precision

Yes

OK

Time
Yes

Yes

Space
No

No




PLANT BASED

Remote Sensing

Almages of the crop, filtered by
different wavelengths

ASatellite, Aerial, even Drones
APublic data sources
A Commercial services

ANDVI and Infrared are most
common




THE RIGHT TIME

Remote Sensing

North South

NDVI

Infrared




