Soll Water Resenvolr

" Soll Texture
" Soll Structure
= Rooetzone Depth

= |pfiltrated Raimnrall
= \/olume and seasonal distribution




Soll Trexture

Relative proportions
of
different particle sizes
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Rooting Deptar Limitations

=Ine texture with poor internal drainage
Dense, compact, or cemented subsolls

Layered or stratified soil withr abrupt
change

" Rock
= \N/ater table




Rootstocks

= Shallow rooting nature
= 5C, 5BB, 1103







Rootzone Water Holding Capacity.

= \\/ater holding capacity: X Rootzone Depth

= Ex. Clay Loam = 1.6 in/ft Available water
= Rootzone Depth = 5 it

" 1.6 X5 =8.01nches of availlable water




Using Neutron Probe Data




Measurng Water Sources

" Solll moisture
® [n-season Rainfall
mgation WWater




\Volume Units

= Rainfall
" Crop Water Use
" Soll meisture

% =1n/in
% x 12 Inches = Inches / fooet soll
% X rootzone depth = Inches water in| reetzene




Soll Constituents by Volume
At field capacity.

Organic matter <1%




Avallable Soil Moisture

= Mojisture contained In the soil which vines
can remove

= All avallable moisture is not equally.
available
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Avallable Soil Moisture

= Field Capacity — Perm wilt point

= Ejeld Capacity.
= Upper imit when drainage ceases

= Permanent Wilting peint
= | ower limit When plants cannet extract moisture




Table C-1. Soil moisture content in inches of water per foot of soil
at field capacity, 15 bars, and available soil moisture

for various soil textures.

Avalilable Moisture

Soil Texture Field Capacity 15 Bars Content
Sand 1.2 0.5 0.7
Loamy Sand 1.9 0.8 1.1
Sandy Loam 2.5 1.1 1.4
Loam 3.2 1.4 1.8
Silt Loam 3.6 1.8 1.8
Sandy Clay Loam 3.5 2.2 1.3
Sandy Clay 3.4 1.8 1.6
Clay Loam 3.8 2.2 1.6
Silty Clay Loam 4.3 2.4 1.9
Silty Clay 4.8 2.4 2.4
Clay 4.8 2.6 2.2




Soll Water Measures

= Soil Water Content

= Quantitative
= Percent water by weight or volume

" Soll Moisture Status or' Tension

= Qualitative
" Centibars of Trension




Moisture Status

" Tensiometers
= Gypsum Blocks
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Gypsum Block

Electrical

Resistance
Block Instrument
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Gypsum Block Reading
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Irrometer Watermark Sensor/Meter
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Soll \Water Content
Direct / Indirect Methods

" Direct

= Soll sampling by velume
= Or--- by weight x soll bulk density

" [[direct

any method which relates a “reading” te soll
sampling moisture coentent




Indirect Methods

= Soll Dielectric
Time Domain Reflectometry (TDR)

Ground Penetrating Radar (GPR)

Ereguency Demain Reflectemetry (FDR
Q)i capacitance)

" Neutron Scatter




Soll Dielectric

= The dielectric permittivity IS a measure ofi the
capacity. of a non-conducting material to
transmit electromagnetic Waves or pulSes.

Dielectric Permittivity.
»Air=1
> soll minerals = 3 1015
(denser solls have higher apparent permitivities).

> \Water 81




Influencing Factors

= \Water Content

= Soll Temperature

= Soll Poroesity and Bulk Density
= \Vinerals (clay)
mHVieasurement Ereguency.
=CAlrF Gaps




Time Domain Reflectometry.
(TDR)

= Based on the propagation velocity of
electromagnetic wave traveling aleng a
probe placed in the soll (non cenducting
media)

= \Water s the prncipal facter affecting a
DR signal (measurement a 1. Ghz)







TDR Advantages

Precise
Accurate

\/ersatile packaging: from portable, seli-containead
Units to. modular systems capable of monitering
several prehes and logging data

|_ack of radiation hazard associated with neutron
probe

Calilbration requirements are mininmal—Iin many.
cases soll-specific calipration! IS noet needed




TDR Disadvantages

= Relatively expensive
= Small measuring velume
= Shallow measurements; or buried prohe

= Conductive sells may lead to
Inaccuracies

= Short cable lengths are necessary due
signall attenuation




Similar to TDR
Lower frequency
Wave storage electronics / software not necessar
Uses data logger to store data
More sensitive to Temp, Density, and Clay
Calibration generally required

Cables up to 1000 ft
Less expensive




Grounad Penetratingl Radar
(GPR)

" RE bursts are emitted and the reflected
wave Is captured and freqguency
measured

" Similar to TDR but the wave IS, not




(CNN) -- Grapes and geophysics

= Dry sell preduces, better ried Wine grapes;
= Vieister sollfmakes white Wine: grapes thnve.




GPR

= \/ariations In soil texture (clay), crop cover,
salinity, and irrigation practices result in
large variability in seil moisture

= The depth of Influence Is a function of soll
type, moeisture content and GPR antenna
frequency. Limited toe a few feet in dry: clay
Soll= less in moist soil




GPR Advantages

= Rapid
= Non-invasive
= \/ery high spatial data density,

= Principles ofi operation almest identical to
DR but at a lewer fliequency




GPR Disadvantages

= Not well established—little work has been
done to develop this method

= Depth ofi measurement Is generally
shallow and varies with soell type and
moisture leading toruncertainty’ In zone: of
Influence or measurement velume

= Relatively expensive




Ereguency Domain/Capacitance

= A couple different methods are used
however, they all' use:

= Electronic cireuit i which the two plates,
i0ds or rings use the soll between them as
dielectric of a capacitor
= he change In the Circuit eutput IS
ielated to the dielectrc permittivity







= Soll specific calibration curves are

needed for solls that are highly.
conductive, have high organic content,
Q) contain 2:1 clays




Solll Speciiic Calibration

--* - - Clayey and Silty Sands
i Silts
—e— Sands

Soil Type a T RZ
Sands 0.8365 | 0.803| 0.9876
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EDR Advantages

= Relatively Inexpensive
= [ow! frequency standard circuitry.

No: radiation hazard / hassles
=ast response time

L0gQging| capanie

Pprtakle




EDR Disadvantages

" Small measurement volume sensitive to
small-scale soll variations (most in Smm)

= Sensitivity te Installation similar to TDR

= Site specific calibration IS necessary. for
accurate soll volumetic water content

= lends te have larger sensitivity: to salinity,
lemperature, bulk density, clay content
and aiir gaps than FDR
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NP Field Calibration

2004 Syrah NProbe Calibration

y = 3.7801x - 1.5938
R2 =0.9115

0.6 0.8 1
Count Ratio (RO)




Calibration

Down-hole samplers are pushed into the soll at the bottom of
an augered hole to take fixed volumetric (60 cc) samples

Device readings ane taken at the same depths immediately:
after sampling

Samples arne oven dread

Percent water content Vs reading




NP Advantages

= | arge measurement volume produces high
precision

= \\erks well in steny soils and expansive
clays

= \/ery accurate, when calibrated

=CAlr gaps andi soil disturbance during acecess
tube Installation has minimall effiects

= \ultiple point measurements




NP Disadvantages

= Costly

= Cannot be automated because
radieactive source may not be left
Unattended

= Cost of regulation and licensing of a
ladieactive source/ and disposal cost

" Surface measurements Inaccurate < 9
In

= Heavy awkward device

= me reguired for reading




Soll and Water Holding /' Supplying

Variability within the vines root zone and
ona field scale is the largest error when
tnying to appreximate the mean soil
moisture

Soll Variability,
Texture
[Density
ROGU lImiting conditions
\ine water extraction




Solution to Varianility

" \ore measurement points

= Based on:
= | evel of confidence needed ie. 95%
= \/ariapility that exists
= \ean Value expectea




Number: off Sites

Power Curve
alpha = 0.05, sigma = 1.52, n=4
1 .
0.8 .
Mean = 6.59 O 06" :
Sdev = 1.52 = |
g 04r .
0.2 -
oL . _
3.5 5.5 7.5 9.5 11.5
True Mean




Data Hanaling /' Trelemetry.

= \\ide range available

= Direct hana held “poed* collection
= Cell' phene medem to
data proecessing te
Internet ace




Summany.

" \/olumetric \Water Content

" Dielectric Methods
= Nuclear Methods

= Allfreguire field calibration If volumetric
ieguired
= Dielectric
= Can e autemated / unatiended / transmitted
= Generally Inexpensive

= Need a number of sites/deptis te) characterize the
ieetizone andfiela




Looking Ahead

= |ncreased use oft devices which canilog
transmit and allow automatic data
processing. --- Dielectric methods

= Jhe Neutron Probe Is the standard and will
pe slow! te replace by virtue ofi its
advantages




Sensor Area of Measure

" Most sensors read a small area

= Tensiometers and Gypsum Blocks
" Smallest area— a few cubic centimeters

= Djelectric methods

= Narrow: disk shaped measurement area a few cm
outside the well'or from thee waveguides

= Nleutron Probe

= | argest area — a few Inches In radius of the
detector




Sensor Placement

= Depends on the goal of the measurement

= [ measuring sell water depletion before
IFrigation--- not teo Impoertant

= |- measurng aiter irngatien— preximity. te
the emitter will' effect the reading
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When Te Measure Seil Moisture
Quantitative( N Probe)

" Most valuable times:

Bud break — Dy Point = Availakle water
Bud break — Prier te) 15t i = \Water consumead
Prior to 158 = Dy Peint = water remaining




Measuring Effective In-Season Rainfall

Effective Rainfall = [rainfall (in) - 0.25 in] x 0.8

Table C-3. Effective rainfall
Day R_’ainfall Effect_ive Rainfall
(inches) (inches)

1 0.39 0.11

2 0.62 0.30
3 0 0
4 0 0
5 0 0
6 0 0
7 0.25 0

Weekly Total 1.26 0.41




Measurng Water

\Volume Units Flow Rate
= Gallens gpm
= Cubic feet cfs

= Depth

= [nches
= Rainfall
= Crop Water Use
= |rrigation




Measurng lrrigation \Water

= Elowmeters
= Emitter Discharge




Totalizing Water Meter
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Proper \Water Meter Installation

"
Min 1 pipe dia. Min 10 x pipe dia.

8 in pipe =80 in




Doppler Water Meter

Portable totalizing and instantaneous readings 2" to 9 ft dia.

pipe cross-sectional area X water velocity = Flow rate




Discharge Method

Measure the flow rate at the discharge point




Orchard /" Vineyard: Pots




Emitters

201 gph at nominal pressure
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Emitters:

" Pressure-compensating
emitters are available.

= Particularly gooed where you
have significant elevation
changes.

2.31 it. of elevatien change = 1 psi
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Micro system discharge rate

\olume ofi water collected (ml) in 30 sec X 0.0317
= Discharge rate (gph)




(gph) X
no. discharge devices per plant /
plant spacing (sq ft) x 1.6 =

ave. application rate (in/ar)

In/Ar X Ars of operation = applied Inches




gph) x no. discharge devices per plant /
plant spacing (sg ft) x 1.6 =ave. application; rate (in/hr)

In/Ar X Ars of eperation = applied Inches




= (.52 Inches X 27158 / vines/acre
= Eor a spacing of 7 x11 ft = 566 vines/acre




