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Agenda for this session

ÅSoil-Atmospere-Plant Continuum

ÅBasic Definitions

ÅDeficit Irrigation

ÅScheduling Technology



Soil Ɖ Air Ɖ Water  Continuum

Moves easily through 
the soil.  Some air will 

remain even when the 
soil is saturated

Surface tension attracts 
water to the surface of the 

solid fraction.  As water 
moves through the soil it 

displaces the air.

This includes both 

the mineral portion 
and the organic 
portion

Air

Water

Solid 

Image Source: Soil In The Environment, 

by Daniel Hillel, Fig 7.3



A|³XX ź¦ «T´Ż ­Z ÇJºX³

Tightly bound to 
soil particles.  Not 

available to plants.

Surface tension 
attracts water to the 

surface of the solid 
fraction.  Is available 

to plants but less so as 
it is depleted.

Moves quickly in large 
pores between soil 
particles.  Does not remain 

in place for long.  Only 
available to plants when it 
is present.

Hygroscopic

Capillary ż+³JÆ ºÉŽ

solids



Saturation
All pores are 
full of water.  
Gravity drains 

the soil.

Solid

Solid

Solid

Water

Water Air

Air

Saturation

Field Capacity

tŜǊƳŀƴŜƴǘ ²ƛƭǘƛƴƎΧ

Critical Moisture Levels

Field 
Capacity

Water content 
when drainage 

stops.

Permanent 
Wilting 
Point

None of the 
water remaining 
is available for 

plants

Image Credit: Prof. Blaskó Lajos, 

www.tankonyvtar.hu/hu/tartalom/tamop425/0032_talajtan/ch07s02.html



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

Content, Soil Compaction



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

Content, Soil Compaction



How much will fit

Excess Water

Plant Available Water

Unavailable Water

Oven Dry

Permanent Wilting
Point (PWP)

Field Capacity (FC)

Saturation

Total pore
space
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ÅVolumetric : 

ÅInches per Inch, inch per foot, percent

ÅDepth : 

ÅInches = Volumetric x Soil Depth

ÅBy Mass : 

Ågrams per gram

ÅBy Force (aka Soil Water Potential):

Åcentibars

Ways of quantifying moisture
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Plant Available Water



http://casoilresource.lawr.ucdavis.edu/gmap/



Soil & Management Parameters for Irrigation Scheduling

Plant Available Water for different soil texture 

Find your soil with SoilWeb https://casoilresource.lawr.ucdavis.edu/gmap/
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http://hydrolab.arsusda.gov/SPAW/

ÅIncluded with the SPAW Model

ÅHelpful when only texture is known

ÅStatistically derived Ą has some error

Soil Water Characteristics Tool



Advanced Soil 
Mapping

ÅNew Tech: soil mapping

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



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 soil, 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



Soil Water Measurement Methods

Volumetric Water Content: Difficult to measure directly in fields 

v = m x Bulk Density

Bulk Density (g/cm3) = Dry Soil Weight (g)/ Soil Volume (cm3)

Example:

Gravimetric water content = 0.20 g/g

Bulk Density = 1.25 g/cm3

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 = v x L

Example:

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

per inch)

L = Soil Layer = one foot = 12 inches

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

foot of soil



Soil Water Measurement Methods

Soil Water Potential: A measure of the 

energy state of water in the soil 

Water always moves from an area of higher 

potential to a lower potential

From soil to roots; to the canopy; to the 

atmosphere.



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



Depletion

ÅHow much 
water did the 
crop use ?

ÅReplace only 
that much

ÅPlus % to 
compensate 
for efficiency

Image Source: Soil In The Environment, 

by Daniel Hillel, Fig 9.2



How much is needed ?

Excess Water

Plant Available Water

Unavailable Water

PWP

FC

Sat

Depletion Water used by the crop



Management Allowable Depletion

Excess Water

Plant Available Water

Unavailable Water

Oven Dry

Permanent Wilting
Point (PWP)

Field Capacity (FC)

Saturation

usually, 

50% of 

PAW

MAD



ÅWhat moisture level causes stress?

ÅHow much stress are you willing to 
tolerate?

ÅHow long can you wait between 
irrigations?

ÅHow uniform is your irrigation 
system?

ÅHow variable are your soils?

ÅShort return time: 
MAD > stress level

ÅLong return time: 
MAD < stress level

ÅLow stress tolerance: 
MAD >= stress level

ÅHigh/Moderate stress tolerance: 
MAD <= stress level

How to choose MAD



Soil & Management Parameters for Irrigation Scheduling

Managed Rooting Depth



Components of efficiency



28

Gain

ÅPrecipitation

Å Irrigation

ÅPerched water table

Loss

ÅSpray Loss & Drift

ÅSurface & Canopy Evaporation

ÅRun Off

ÅEvapotranspiration

ÅDeep Percolation

Physical Partitioning of water
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Å Consumptive Use

ï Water that ends up in the atmosphere or 
is harvested with the crop

Å Non-consumptive Use
ï Water that leaves the region (or field) but 

may be used elsewhere

Å Beneficial Use

ï Irrigation in support of production of 
crops

Å Non-Beneficial Use
ï Consumptive use that is unnecessary for 

production of crops

Conceptual Partitioning of water

Å Reasonable Uses

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

Å Unreasonable Uses
ï Water that provides no benefit of any kind



Different kinds of efficiency
ÅIrrigation Efficiency

)%
ὠέὰόάὩ έὪ ύὥὸὩὶ ╫▄▪▄█░╬░╪■■◐ όίὩὨ

ὠέὰȢ ὭὶὶȢ ύὥὸὩὶ ὥὴὴὰὭὩὨ ὧὬὥὲὫὩ Ὥὲ ίὸέὶὥὫὩ
ρππϷ

ÅApplication Efficiency

  !%
Ȣ    ◄╪►▌▄◄

Ȣ    
ρππϷ

ÅWater Use Efficiency

    75%    

Ȣ  
ρππϷ
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ÅIrrigation Sagacity

ïWater beneficially and/or reasonably used

ÅAdequacy

ïFraction of the field receiving at least the target amount

ÅPotential Application Efficiency

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

ÅIrrigation Consumptive Use Coefficient

Other Performance Measures



Factors affecting efficiency

ÅApplication Rate

ÅApplication Depth

ÅApplication Technology

ÅSoil & Slope Limitations

ÅTiming/Scheduling

ÅUniformity
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Uniformity



34

Root 
Zone

Below Root 
Zone

Efficiency vs Uniformity
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Root 
Zone

Below Root 
Zone

Uniform & Efficient

No stressed crop, application depth matches root 
zone depth

*  100% uniformity is impossible. Some variation will always remain.  
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Root 
Zone

Below Root 
Zone

Non-Uniform & Inefficient

No deep percolation, but stressed crops because 
application is uneven
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Root 
Zone

Below Root 
Zone

Non-Uniform & Inefficient

No stressed crop, but a lot of deep percolation 
because application is uneven
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Root 
Zone

Below Root 
Zone

Uniform & Inefficient

No stressed crop and an even application but a lot 
of deep percolation



ÁDistribution Uniformity
ïThe ratio of volume in the low 

quarter and the average of the field
ïCƻŎǳǎŜŘ ƻƴ ǘƘŜ άƭƻǿ ǉǳŀǊǘŜǊέ

ÅCoefficient of Uniformity
ïά/¦έ /ƘǊƛǎǘƛŀƴǎŜƴΩǎ ¦ƴƛŦƻǊƳƛǘȅ 
ïBased on applied water
ïFocused on sprinkler systems 
ïSpecial version for pivots : 

Hermann & Hein equation

How to quantify uniformity

ὈὟ
Ὠ

Ὠ
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25

Distribution Uniformity

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

ὈὟ
Ὠ

Ὠ

Å Example:

ï Suppose we measure a single irrigation event at 100 places 
randomly across the field
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Std Dev = 0.05

dlq = 0.933

davg = 1.0

DUlq = 93%

Std Dev = 0.1

dlq = 0.86

davg = 1.0

DUlq = 86%

üA increase in variation translates to a drop in DUlq



Factors affecting Uniformity

ÅDesign

ïElevation

ïPressure regulation

ïEmitter spacing

ÅWear
ïWater quality

ïFouling or clogging

ïWind/Hail/Animal

ïCultivator blight
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A sprinkler went bad.  

Guess which one.

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

The Value of Uniformity





άLŘŜŀƭέ {ŎƘŜŘǳƭƛƴƎ



The Right Time

The basic questions:

1. What is the current depletion?

2. What is my target depletion?

3. What is happening now or soon?

DEPLETION

MANAGEMENT ALLOWED 
DEPLETION

When should I apply it?

TEAM 
BUILDINGSed ut perspiciatis unde omnis iste natu error sit 

voluptatem accusantium Doloremque laudantium, totam 
rem aperiam, eaque ipsa quae ab illo

1

2

MEASUREMENT3

The Right Amount

This involves answering three basic questions:

1. How much water will fit in the soil?

2. How much will stay in the soil?

3. How much is available?

AVAILABLE WATER

EFFICIENCY

How much water should I apply ?

1

2

DEPLETION3



ÅWater Balance + 

Evapotranspiration

ÅSoil Moisture 

Measurement

ÅPlant Status

ÅInterval

Methods for Scheduling Irrigation



Soil & Management Parameters for Irrigation Scheduling

Soil Parameters:

Field Capacity (FC)

Permanent Wilting Point (PWP)

Plant Available Water (PAW)

Management Parameters:

Management Allowed Depletion (MAD)

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

How much water to apply:

Readily Available Water (RAW):

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

Readily Available Water = MAD x TAW

Example:

TAW = 1.5 inches/foot, a sandy loam soil

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).

Components of root zone water balance:

SWDi = SWDi-1 + ETci + DPi - I i - (P - RO)i 

SWDi = Soil Water Deficit on the current day

SWDi-1 = Soil Water Deficit on the previous day  

ETci = Crop evapotranspiration on the current day 

DPi = Deep percolation on the current day 

I i = Net irrigation application on the current day 

(P - RO)i = 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 

I = 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

Source: UC Publication 8212



Get the 
Data

Evaluate 
Need

Evaluate 
Constraints

Act

The basic Scientific Irrigation Scheduling process



DEFICIT IRRIGATION



conventional  
  scheduling

National Engineering 
Handbook, Part 652, 9-22



Conventional scheduling is predicated on avoiding crop 
stress 

ÅάLǊǊƛƎŀǘƛƻƴ ǎƘƻǳƭŘ ōŜ ƳŀƴŀƎŜŘ ǘƻ ŀǾƻƛŘ ŎǊƻǇ ǎǘǊŜǎǎ ǘƘŀǘ ǿƻǳƭŘ ǊŜŘǳŎŜ ȅƛŜƭŘ ƻǊ 
ǉǳŀƭƛǘȅέ  

ï  (Agronomy 11, 1967) 

Åά{ƻƛƭ ǿŀǘŜǊ ǎƘƻǳƭŘ ōŜ ƳŀƛƴǘŀƛƴŜŘ ŀōƻǾŜ ǘƘŜ ƭŜǾŜƭ ŀǘ ǿƘƛŎƘ ŎǊƻǇǎ ŀǊŜ ǎǘǊŜǎǎŜŘέ   
ï (SCS National Engineering Handbook, 1993)

Åά¢ƘŜ ƛǊǊƛƎŀǘƛƻƴ ǿŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ƛǎ ǘƘŜ ŜǾŀǇƻǘǊŀƴǎǇƛǊŀǘƛƻƴ ǊŀǘŜ ǊŜǉǳƛǊŜŘ ŦƻǊΧ 
Ŧǳƭƭ ǇǊƻŘǳŎǘƛƻƴ ǇƻǘŜƴǘƛŀƭέ 

ï (FAO Irrigation and drainage paper 24, 1992)



Irrigation Scheduling, in practice ɨ

Å Irrigation Scheduling means applying the right amount at 
the right time

ï²Ƙŀǘ ƛŦ ǘƘŜǊŜ ƛǎƴΩǘ ŜƴƻǳƎƘ ǿŀǘŜǊ ǘƻ ŀǇǇƭȅ ǘƘŜ ǊƛƎƘǘ ŀƳƻǳƴǘ Κ

ï²Ƙŀǘ ƛŦ ǘƘŜ ǿŀǘŜǊ ƛǎƴΩǘ ŀǾŀƛƭŀōƭŜ ŀǘ ǘƘŜ ǊƛƎƘǘ ǘƛƳŜ Κ



Deficit Irrigation

Full irrigation, 100%  yield 
0.138 T/ha per cm 

71%  irrigation,  95% yield,  
0.226 T/ha per cm (64% increase)



Example: A yield function for wheat  in 
eastern Oregon

- 20% 
water

- 4% yield



Conceptual crop production function
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Losses ü Improvements in 
Application Efficiency shift 
the whole curve to the left.

-- The same yield outcome 
but with less water

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

Both of these things translate 
into improvements in Irrigation 
Efficiency.





Almond Water 
Production 
Function

{ƻǳǊŎŜΥ ά!ƭƳƻƴŘ ²ŀǘŜǊ 
tǊƻŘǳŎǘƛƻƴ CǳƴŎǘƛƻƴέΣ 
Almond Board of California. 
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Conventional irrigation é.

Wy

WY =  yield maximizing level of water use 

costs

revenue

Applied water
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Profits are increased with deficit irrigation

Wp Wy

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

revenue

costs



Profitability is greater when there are 

opportunity costs for water

Wp Wy

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

WW

water saved 



Managing 
Limited Water 

Supply

Irrigation 
Optimization

Irrigation Scheduling
A biological goal

Deficit Irrigation
An economic goal

Applying the Right Amount at the Right Time

V
S

Irrigation

Crop Use



Definition

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

Also known as:
ÅRDI: Regulated Deficit Irrigation
ÅMDI: Managed Deficit Irrigation



Having a Deficit тvs т Doing Deficit

ÅcċƻŔŰŊШċШĬĲŉŔĦŔƣШůĲċŰƚШǃŸƨШĬŸŰќƣШőċƻĲШĲŰŸƨŊőШƽċƣĲƖШƣŸШůĲĲƣШĦƖŸƓШ
needs. 
ÅIf you farm in California, you probably have a deficit. 
ÅIf you are entirely groundwater-dependent, you have a deficit.

ÅDoing deficit irrigation means actively  and intentionally  
managing the deficit. 



Deficit Techniques

ÅDelayed start time
ÅMAD greater than 50%

ÅVariable Application Depth
ÅTarget application depth less than RZD * FC

ÅProportional Deficit
Åreplace a percentage of ETc from yesterday (or since last irrigation) and 

vary the % over time.
ÅProposed by UCCE researchers (David Doll et al.)
ÅWorks best when starting with a full profile (wet winter).
ÅUsually requires a full refill at some point during the season.



Deficit Irrigation
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Å Has Higher Risk

Å Has variable 
efficiency

Å Requires better 
precision

Å Yield estimates are 
necessary

Fig 5. Gross Income and Production Costs for Field L-7

(English, M. J. 1990)



ÅWater Balance + 

Evapotranspiration

ÅSoil Moisture 

Measurement

ÅPlant Status

ÅInterval

Methods for Scheduling Irrigation



Å A process or procedure that 
helps determine a course of 
action

Å A theory or framework for 
analyzing decisions

Å Ties decisions to a goal

Å A device or thing that helps 
execute a decision

Å Tools support Methods

Å A tools may not be necessary but 
it must at least make the job 
easier

Methods vs Tools

Method
Tool

üChoosing a method depends on how you want to manage 
irrigation

üChoosing the tool is a practical decision



ÅWhen to start
ÅBased on MAD

ÅBased on Stress

ÅHow much to apply
ÅIn inches

ÅHow long to run the system

ÅPrediction
ÅForecasting

ÅConsequences

ÅAutomation
ÅInterface

ÅIntegration

ÅUncertainty
ÅAccuracy

ÅPrecision

Anatomy of a Scheduling Tool



Accuracy, Precision, & Uncertainty

ÅAccuracy determines how well 
you can manage irrigation

ÅPrecision determines how 
confident you are that the 
management is correct

ÅThis applies in depth, space, and 
time.



When

How Much

F & C

Automated

Depth Time Space

Accuracy

Precision

Basis for Comparison

FEATURES QUALITIES



Soil Moisture
ÅCapacitance & TDR

ÅNeutron Probe

ÅTensiometer

ÅGypsum Block

ÅGranular Matrix

Evapotranspiration 
& Water Balance

ÅSimple summation

ÅData sources

ÅSoftware

Plant Based
ÅInfrared / Optical

ÅRemote Sensing

ÅLeaf Water Potential

ÅDendrometer

ÅSap Flow

Survey of Tools



ÅWater Balance + 

Evapotranspiration

ÅSoil Moisture 

Measurement

ÅPlant Status

ÅInterval

Methods for Scheduling Irrigation

Plant 
Based

Soil 
Moisture

ET
b

e
tte

r

best



Capacitance & TDR Sensors



Capacitance & TDR Sensors

Strengths:

- Continuous measurements

- Repeatability of measurements

- Sensitivity to small changes in soil 

water content

- Usable trends

Weaknesses:

- Sensitive to air gap, so need proper 

installation

- Imperfect accuracy

- Small area of measurement

- Affected by soil texture and salinity

Å Measure the dielectric constant of soil to estimate the soil water content

Å Dielectric constant is primarily affected by the water content:

Å The constant is about 4 for dry soil, 1 for air, and 80 for water

Å Most common dielectric sensors are capacitance and TDR

Å Capacitance sensors measure changes in electrical capacitance caused by soil water

Å TDR sensors measure the travel time of electromagnetic waves transmitted into the soil



ÅStrengths

ÅUsable trends

ÅReports soil water content

ÅEasy to log data (real-time)

ÅWeaknesses

Å Imperfect accuracy

Å Inconsistent (high variability)

ÅSmall sample area

ÅCan be expensive

ÅProper installation is critical, and 
difficult to do

ÅAffected by salinity and temperature

Capacitance Probes

Measures the dielectric property of the soil



Image Source: www.aquaspy.com



Similar sensor, longer time range



Practical Tips

ÅDetermine the range of 
readings

ïTake a reading at Field Capacity

ïTake a reading when you know 
the soil is extremely dry

ÅCapacitance probes are very 
sensitive to installation. Be 
careful and consistent.

Å5ƻƴΩǘ ŀǎǎǳƳŜ ǊŜǇƻǊǘŜŘ ǾŀƭǳŜǎ 
are accurate



S. Evett et al, 2010. In-Soil and Down-Hole Soil Water 
Sensors: Characteristics for Irrigation Management.
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When Yes

How Much No/Maybe

F & C No

Automated Yes

Depth Time Space

Accuracy Maybe/No Yes No

Precision Yes Yes No

Capacitance Probe
S O I L  M O I S T U R E

FEATURES

QUALITIES



ÅMeasures Dielectric properties of soil

ÅSimilar in principle to Capacitance probe but very 
different method of measurement

ÅSome TDR have good accuracy

ÅMeasures a larger volume 
of soil

Åbƻǘ ŀ άǇǊƻŦƛƭŜέ ƳŜŀǎǳǊŜƳŜƴǘ

TDR Probe
S O I L  M O I S T U R E

www.specmeters.com

www.campbellsci.com/soil-science

www.stevenswater.com

http://www.acclima.com/



When Yes

How Much No/Maybe

F & C No

Automated Most but not all

Depth Time Space

Accuracy Maybe/Yes Yes Some

Precision Yes Yes Maybe

TDR Probe
S O I L  M O I S T U R E

Features

Qualities



Buyer Beware

Åaŀƴȅ Ψƭƻƻƪ ŀƭƛƪŜΩ ǇǊƻōŜǎ

ÅVery cheap

Not reliable



Strengths

ÅAccurate Volumetric Moisture

ÅLarge soil sample area

ÅNot sensitive to temperature, 
salinity, or pH

ÅEasy to sample at different depths

Weaknesses
Å Radioactive material
Å Must be licensed to own and operate
Å /ŀƴΩǘ ƭŜŀǾŜ ƛƴ ǘƘŜ ŦƛŜƭŘ
Å Expensive

Neutron Probe
S O I L  M O I S T U R E



Neutron Probe



When Maybe

How Much Yes

F & C No

Automated NO!

Depth Time Space

Accuracy Best No No

Precision OK No No

Neutron Probe
S O I L  M O I S T U R E

Features

Qualities



Tensiometer

Å Strengths

Å Soil water tension (same as 
plant sees)

Å Less expensive

Å Widely used, studied and 
accepted

Å Not affected by salinity

Å Weaknesses

Å Small sample area

Å Maintenance



Practical use of Tension-Based Soil Moisture Sensors

ÅHigh Tension = Low Moisture
ÅStart with 30-50 centibars as starting point for no 

stress.  
ÅIncrease to 80 centibarsor higher for imposed 

stress.
üSpecific Tension values are available for different 

crops

ÅCorrelate numbers to crop condition, then use 
numbers in future to indicate degree of soil 
dryness.  

ÅWatch deep sensor after an irrigation to indicate 
depth of penetration.

Image: www.decagondevices.comCourtesy: Troy Peters, Washington State University



When Yes

How Much Maybe/No

F & C No

Automated Some

Depth Time Space

Accuracy Yes / 
Maybe

Manual: No
Auto: Yes

No

Precision Yes Manual: No
Auto: Yes

No

Tensiometer
S O I L  M O I S T U R E

Features

Qualities



Tensiometer
Å Strengths

Å Soil water tension (same as 
plant sees)

Å Less expensive

Å Widely used, studied and 
accepted

Å Not affected by salinity

Å Weaknesses
Å Small sample area

Å Maintenance



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



When Yes

How Much No

F & C No

Automated Yes

Depth Time Space

Accuracy No Maybe No

Precision Yes / 
Maybe

Yes No

Resistance Blocks
S O I L  M O I S T U R E

Features Qualities



Granular Matrix

Similar principle to Gypsum Block

Strengths
- Gives soil water potential
- Inexpensive
- Usable trends
- Easy to log data

Weaknesses
- Affected by salinity
- Imperfect accuracy
- Samples small area



When Yes

How Much No

F & C No

Automated Yes

Depth Time Space

Accuracy No Maybe No

Precision Yes Yes No

Granular Matrix
S O I L  M O I S T U R E

Features Qualities



ÅWater Balance + 

Evapotranspiration

ÅSoil Moisture 

Measurement

ÅPlant Status

ÅInterval

Methods for Scheduling Irrigation

Plant 
Based

Soil 
Moisture

ET
b

e
tte

r

best



ÅEvaporation + Transpiration

ÅMeasure of how much water 
was removed

ÅEasiest way to use ET: Add it up.

ÅMost commercial weather 
station providers will offer 
Cumulative Evapotranspiration

ÅbŜŜŘ ŀ ŎǊƻǇ ŎƻŜŦŦƛŎƛŜƴǘ Χ
   FAO56 is still a reliable source
   FAO66 is the updated version

Evapotranspiration



ÅA method to calculate 
current moisture 
content

what goes in
minus 

what goes out 
minus

what you start with
equals 

ǿƘŀǘΩǎ ƭŜŦǘ ōŜƘƛƴŘ

There are apps that 
will do the calculation 
for you

Evapotranspiration & Water Balance



A combination of two different sources

Evaporation

Transpirati
on

Evapotranspir
ation



A combination of two different sources

Evaporation

Transpiration

Evapotranspiration

Labrador

Poodl
e

Labradoodle
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Å On-Farm Weather Station

ï ASCE Standard ET Equation

ïASABE Standard EP505

Å Weather Networks

ï CIMIS

ï Some Commercial Services

ÅDTN, OnFarm, and many more 

ï National Weather Service

Å Measure

ï LI-COR

ï Tule sensor

Sources of ET data
E T  &  W A T E R  B A L A N C E

Photo courtesy of USDA NRCS



Two important standards
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Factors to consider when buying a station

ÅDocumentation

ÅCalibration procedures

ÅSensor placement

ÅOwn / lease

ÅWarranty

ÅMaintenance contract

Åalerts

TAMU San Antonio Wx Station



ÅCrop Manage
(UCCE)

ÅIrrigation Scheduler Mobile
 (Washington State University)

ÅIrrigation Management Online 
(Oregon State University)

ÅWaterRight
(Cal State Fresno, offline)

ÅIrris
(Purdue)

ÅSWAN Systems

ÅIrrigation For The Future

ÅLindsay

ÅΧ ŀƴŘ Ƴŀƴȅ ƳƻǊŜ

Scheduling software tools
E T  &  W A T E R  B A L A N C E

Public Commercial



Measuring ET / On-Farm

Åtule

ÅCommercial product

ÅIntended for on-farm use

ÅBased on the Surface Renewal 
Method

Image Credit: www.tuletechnologies.com



When Yes

How Much Yes

F & C Yes

Automated Usually

(depends on provider)

Depth Time Space

Accuracy Yes Yes No

Precision OK OK No

Evapotranspiration & WB

Features Qualities
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Å Simulates evapotranspiration

Å Careful calibration required

Å Appropriate fetch is important

Å Regular maintenance required

Atmometer
E T  &  W A T E R  B A L A N C E

www.etgage.com



When Yes

How Much Maybe

F & C No

Automated Yes

Depth Time Space

Accuracy Yes / Maybe Yes No

Precision Yes / Maybe Yes No

Atmometer
E T  &  W A T E R  B A L A N C E

Features

Qualities



ÅWater Balance + 

Evapotranspiration

ÅSoil Moisture 

Measurement

Plant Status

Methods for Scheduling Irrigation

Plant 
Based

Soil 
Moisture

ET
b

e
tte

r

best



Plant Status

ÅaŜŀǎǳǊŜ ǇƭŀƴǘΩǎ ǊŜǎǇƻƴǎŜ ǘƻ ǿŀǘŜǊ

ÅSince it is based on the plant, has the potential to be most 
accurate

ïPro: deficit irrigation is all about managing stress

ï/ƻƴΥ ȅƻǳ ƴŜŜŘ ǘƻ ǘǊŀƴǎƭŀǘŜ ǘƘŜ ƳŜŀǎǳǊŜƳŜƴǘǎ ƛƴǘƻ άǎǘǊŜǎǎέ

ÅSome methods measure plant stress ς by the time stress is 
measured, it has already occurred

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



Pressure Bomb

ÅStem Water Potential or Leaf 
Water Potential

ÅMeasures the force the plant is 
using to move water

ÅThis is the force acting against 
Tension

Image Source: Soil In The Environment, 
by Daniel Hillel, Fig 8.10



Pressure Bomb

www.pmsinstrument.com/resources/measuring-stem-water-potential-swp



Pressure Bomb

Without pressure applied Pressure in Bomb equals pressure in leaf

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



When Yes

How Much No

F & C No

Automated some

Depth Time Space

Accuracy Yes Yes No

Precision OK Yes No

Pressure Bomb
P L A N T  B A S E D

Features Qualities



ÅImages of the crop, filtered by 
different wavelengths

ÅSatellite, Aerial, even Drones
ÅPublic data sources

ÅCommercial services

ÅNDVI and Infrared are most 
common

Remote Sensing
P L A N T  B A S E D



North South

NDVI

Infrared

Remote Sensing
T H E  R I G H T  T I M E


