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Using Soil Water Tension
To Monitor ancd Manage [rrigation
Easily
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The SmarterAgGrou

TheSmarterAgGroumffers

Irrigation and weather monitoring systems
and data services

to growers of vine, tree, and field crops
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Smarter Irrigation Management |
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SmartGrower

Smarter Irrigation Management |
|n Berrles Onions, and Potatoes
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Wihat Is Tension?

A In a soil?

A In a plant?

A How are they linked?
A How is tension measured? <
A units: centibars, cbagb= kilopascals, kPa
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Irrigation
Monitoring Using

Soil Water Tension

C.C. Shock, FX. Wang, R. Flock, E. Feibers,
CAL Shock, and A. Peretra
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ne of the most imporant tools we have

been using at the Malheur Agricultural

Experiment Station over the past two
decades is the granular matrix sensor (GMS,
Watermark Soil Moisture Sensor, Imometer Co.,
Riverside, CA), which measures soil moisture, It
is only about 3 inches long and normally is
buned vertically in the ground.

Like gvpsum blocks, GMS sensors operate on
the principle of variable electrical resistance.
The electrodes inside the GMS are embedded in
granular fill material above a gypsum wafer.
Additional granular matrix s below the wafer in
the fabric tube, where water enters and exits the
SETI=0T.

Gypsum dissolved in water is a reasonable
conductor of electricity, Thus, when the sensor
contaims a lot of water, the electne current fows
well, When there 15 a lot of water in the sol,
there 15 a lot of water in the sensor. As the soil
dries out, the sensor dries out, and resistance 1o
the flow of electricity increases,

The resistance to the How of electncity
(expressed in Ohms) and the soil temperature are
used to calculate the tension of the soil water in
centibars (cb). Soil water tension (SWT) is the
force necessary for plani roois to extract water
from the soil. Soil water tension reflects the soil
moisture status. The higher the tension, the drier
L sl

Ohther devices for measuring soil water tension
include ensiometers, gypsum blocks, dielectric
water potential sensors, and porous ceramic
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Soil Water Tension, a Powerful Measurement for
Productivity and Stewardship

Clinton C, Shock'"
Cheegon Stave University, Malheur Experintent Siation, 393 Onion Avenwe, Ontario, OR 97914

Feng-Xin “’ang:
Cenier for Agriculiuwral Warer Research in Ching, Ching Agricwliural University, No. 17 inghua East Road,
Haidian, Beijing 100083, China

{ddivioral indey words, imigation, imgaiion scheduling, Imigas, soil water poientiol, tensiomeder, gromular matnis sensor,
regullabed deficit irigation, dielecine coupled media

Abstract. A lundamental way to schedule irrigation is through the monitoring and management of soil water tension (3WT).
Sall water temsion is the force necessary for plant roots fo extract water from the soil, With the invention of tenslomciers,
SWT measurements have been used io schedule irvigation. There are difTerent iypes of Beld instrumenis used to measare
SWT, either directly or indirectly. Precise irrigation scheduling by SWT criteria is o powerful method to optimice plani
performance. 3pecific 8¥WT criterin for irrigation schedoling have heen developed o optimize the prodoction and guality of
vegetable crops, ficld erops, trecs, shrubs, and nursery erops, This review discusses known SWT eriteria for brrigation
schieduling that vary from 2 1o 3 KFa depending on the crop species, plant product o be oplimized, environmential
comditions, and irrigation systcm. By using the ideal SWT and adjusting irrigation duration and amoont, it is possible to
simualtancously achleve high productivity and mect environmental stewardship goals for water use and redueed leaching,

Imigated horculiure 15 essential for human
health and welfare. Improved human mutrition
can b acheved through improved Borticul-
twmal productaty and quality, whach m tum
is often related to imigation practices. Fresh
waner for horiculiure |"":':h.|l.h'|il.ll'| 18 HWCTCas-
mly i scance supply and Bacing competibion
from allermatyve water demaneds from oees,
industries, ard inderest groups that wani waier
lefl in-stream b suppsort sh amd other aguatic
arganismes, Water quality is also becoming
meore imporiant, It is widely recopnized thai
procise imgaiion i5a key o high horculral
productivity, efficien waler use, and water
quality protection

ODFTIONS FOR PRECISE
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s0il warler content or 5WT, Soil waler content
can be determined through gravimetric, mew-
rom probe, Lms domain :-.:r'l-:;.'l.l'-lrl-.'h:.. LLY
capacilance probe measurements Measure
mierts of s0il water content can be panicu-
larly wseful when soils ane very umiform over
large geographic expanses or unalonm in ours-
ey contmiret mixes, Meammrements of SWT
can be deiermined with tensiomesers, gypeum
blocks, heal disspation sensors, granular ms-
triy, sensors, paychrometers, and ofher desices
Measurements of SWT are particulardy useful
for irigaison scheduling when a SWT wriga-
1z crvlemson that maxmiiess crop perlommuanoe
i5 determined for a gpiven crop in 8 particular
environment. When a SW'T irmigation crilerion
15 coupled with Knowledge of the sml water-
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Y. pneumatic (air) pressune, relating 1o
pressures in the air phase;

g, pEcssunE potential, prmanly I:-.'“.II'.IIIE
from externally applied pressure ransmit-
ted through the fuid phase of the soil-water
S¥ElCm.

In wnsamrated soil, both w, and W, ane
megligible. I ibe so0il depihs are roughly ibe
sme, W, can be agnored, Therelore, of the
varioas components of the seil water poden-
tial () that are responsible for the water-
horlding capacity of smls, the matne pedential
amd W, are most often considered as being
sufficient o descnibe the water pofential in
partsally 2aturated soal under constant umionm
temperatune and in the absence of extemally
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| Some crops are managee &t oo

A Low tension
A e.g. onions, potatoes, young winegrapes
A High tension
A e.g. winegrapes
A Others ?
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A There are two tension limits
A In the soil and in the crop

A A low tension and a high tension limit
These limits change through the season
Examples: onions, potatoes, winegrapes
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Figure 5. Onion single centeredness in = = & \
response to short-duration water stress at [ SN
. . o S)12%3 ‘
different onion development stages (2005). T

Mild water stress to onions was achieved by

allowing SWT to reach 60 cb before resuming

irrigations. Bars with different letters (a, b)

are significantly different with 95 percent
o= confidence.
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X @ Successful potato irrigation scheduling. Shock et, EM8911, 2013.pdf
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Figure 2. Drip-irrigated potato with small drops in
soil water tension following irrigations on silt loam at
Ontario, OR. Irrigations are much more frequent. They
maintain an average SWT wetter than 30 ¢b and do not
saturate the soil.
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Manage S@uﬂ OF @[F@E@ &umuﬁg@

A Crop and soil tensions are linked
A Crop tension adjusts to soil tension
- until crop tension limits are reached

Manage soil tension to manage crop tension
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“u A 1A - Soil Tension vs Stem Tension
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Two examples from the WSU irrigation trial of soil water tension at 1’, 2’, and 3’ closely tracking vine stress:

T4.2 Moderate Stress to Veraison
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T3.3 Moderate Stress to Harvest
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| Why clhange tension limitsg

A Through the season?

A e.g. onions
A leaf and bulb growth, single centeredness, dry do

A e.g. winegrapes

A canopy size

A berry size; berry and wine quality

a . | P o ."\ -

/
s
o _‘_./r."r’
™
y

B 50 7
3 ol R >, e 4 < .
an - N s . P St g R,
R e B
5 ‘ .



Q)
e S1.245 @ \
38 S12.6r.Relay b7 b
e .
3 |
Qo }
b 1
o |
S12:7nRelay = £
A 3 £\
\\ %; ‘*T“
\\ c v ' LTy
Sz | "SUZEIANEEY o i\
NS 0 -
~_ No  2- 4- early late 8- o
) stress leaf leaf 6-leaf 6-leaf leaf .
Sj1i2% 15 Water stress timing NS
Figure 5. Onion single centeredness in = = & \
response to short-duration water stress at [ SN
. . o S)12%3 ‘
different onion development stages (2005). T

Mild water stress to onions was achieved by

allowing SWT to reach 60 cb before resuming

irrigations. Bars with different letters (a, b)

are significantly different with 95 percent
o= confidence.
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T XY Moisture Temperature Diagnostics
Moisture Data Custom v || Max: 700 cB [] Filter outliers [ Wet Up = X

To:

November 13, 2015 08:29:20

Selected Sensor [irrigation []Rainfall [l Moisture 1 [ Moisture 2 [l Moisture 3 O Moisture Sensor Guide
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Moisture Data Custom v || Max: 700 cB _| Filter outliers [[] Wet Up = X

To:

November 13, 2016 08:29:20 m

Selected Sensor []irrigation []Rainfall [l Moisture 1 [l Moisture 2 [l Moisture 3 © Moisture Sensor Guide
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= Why do limits differ by crop?
' A Herbaceous

A Woody

A Type of crop
A Area of origin, ecological niche
A Goals for yield and quality
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= Why do limits change?

E.g. Winegrapes
A Growth stops

A Cells harden
A Solutes increase

Tension used to effect each in turn
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Differences betwe

A Red versus white
A Cabernet versuBrimativo
A Rootstock, clone
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Differences between Soils?

A Sand, silt, claytexture
A Capillary size distributiorstructure
A Water movement, storage, release

A Waterretensioncurve
A Tension vs volume

Mt tntal




o= «= Sand -:-e-+- LOam

Clay === . Peat
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Challenges ot Drip Irrigation?
A More complicated that pivot or sprinkler
A Water addition not uniform

A Tension depends on sensor placement §
A Consistent sensor placement is important B¢
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Watermark sensors installed 1”back from drip line
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Watermark sensors installed 4” back from drip line
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Watermark sensors installed 8”back from drip line
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Smart lrrigation M@[m@g@m@[m{t

A Deliver sensor data to growers in real time
- dependable, insightful, actionable

A Use machine learning to analyze the
relationships between crop, irrigation,
weather, and solil at specific sites.
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