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I Precision Irrigation Management:

What's Now and What's New (2)

Blake Sanden e
UCCE Irrigation/Soils Advisor, Kern Co. pg

» Estimating crop water use, ETc
 Measuring ETo and CIMIS

* Real Almond ETc and Crop
Coefficients (Kc)




Where am | on the “IRRIGATION CONTINUUM™? Q. cronhymy -
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growing? el T

f O - /
» Optimal e

photosynthesis Y%

 Maximum carbon
dioxide uptake

» |_eaf cooling/water loss
from transpiration

alimonds



=C RON I\/IICRQGRAPH OFSTOMATA ON THE
UNEI:!F&DE OF A,LEAF

Reduced Water/defggt |rr|gat|on CRUSES Iess tur
Press re, lant, reducesm@ size 0T stg‘matal

ogem g easmg,t.r%msplra'c'lo Huﬁr loss, tﬁe
take of ron dioxid&and redhcm ge ative growth

(¢ california
almonds

i e



Increased conductance = increased

W
o

g transpiration (water loss)
- ™
S£20
E N
33

o
<i £ 10
O
O
- 4

o0 0.2 0.4 0.6 0.8

STOMATAL CONDUCTANCE (cm/sec)

alimonds



|

Orchard water use is made up of EVAPORATION (E) from
the wet soil and leaves and TRANSPIRATION (T), hence ET §iE4

evapotranspiration =

transpiration + evaporation 5
1E weather ETU rtransplrat:)n oo
arameters
P A H
T trees grass
crop E-E: ®, evaporation ;
character |
tE management
Ve environmental
factors @——=ET; a4
Ao ™ dwat .
) groundwater o
/ | | recharge v [ %n%)nds




But all | ever
hear is the
term “ET”.
So how can |
know how
much water
goes to

productive
tree
transpiration
VS.
evaporation?
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Do micro systems always lose less water to
evaporation and are more efficient than flood?

Is all this water available
to my 1%t leaf trees with
a small developing
rootzone? What about
‘evaporative losses and

e T = deep percolation?
e % 2"";»:» = >heck soil moisture .
| ”"w@ér £\ S For optimal growth
T \E e :
A b k= _ ' : these young trees may
= u 'M‘* *—-" : ‘ 5 _ . R onIy use 50% of the

- WEEAIREENFENGAR type of system the first 2
I years.



Calculating ET for crops:

— * *
ET.op = ET, * K, * E
' ‘,,.._.:IET f reference crep &taﬁ grass) Bl

K = crop coeff|C|ent for.a given stage of.
growth as-aratip of grass water use.‘May,be 0
t0.1.3, standard values.are ‘good: startlng pomt d

Ef = an “environmental factor” that can .

account.for immature permanent cropssand/or
.impact of salinity., May be 0 to 1.1, determined
‘by.Site specific factors— soilfsalinity/system DU




From 1968 to 1990 detailed records of Class A pan
evaporation were recorded in dozens of locations
around the SJV. Using:

ETo = 0.85 Evaporation

a 20 year average ETo of 49.3 inches was
published by CA Dept of Water Resources in 1993.

Potential or Reference
evapotranspiration (ETo)
Is the water use of well-
watered pasture grass.

First estimated using
Class A evaporation pans
and weighing lysimeters.




CIMIS Weather. Station

CALIFORNIAINRRIGAIIGIN

MANAGEMEN
INFORMAIIONFSERVACE

Ve

Courtesy of Mark Anderson. DWR



- e BU ‘TE NS 4 Monthly Average Reference Evapotranspiration by ETo Zone (inches/month)

LENN 49 f \ Zone| Jan | Feb [ Mar | Apr [ May | Jun | Jul | Aug [ Sep | Oct | Nov | Dec| Total |
G LIS 093] 140|248 [330]| 403|450 465|403 |330 248120062 33.0

2 | 124168310 [390[465]510[4961465[390|279]180)124] 390
3 | 186]224|372[480[527|570 (558|527 [ 420|341 |240]|188] 463
186|224 | 341 | 450 527 | 5.70 | 5.89 | 5,58 | 4.50 | 341 | 240 | 1.86 | 46.6

8 | 093168279 [a20[558|630[651|589|450]|310]150]093] 439
186224341 [480] 558630651 620480 372[240[186] 497 |
0.62| 1.40 | 2.48 [3.90| 527 | 6.30 | 744 | 651 [ 480|279 [ 1.20 [062 | 434
124|168 | 341 |480| 6.20 | 6.90 | 744 | 651 | 5.10 | 3.41 | 1.80 (093 | 49.4
| 217|280 [ 403 [5.10| 589 | 6.60 | 7.44 | 682 | 5.70 | 4.03 | 2.70 | 1.86 | 551
0.93]1.68| 3.10 | 4.50 | 589 | 7.20 [ B.06 | 7.13 | 510 | 3.10 [ 1.50 | 0.93 | 49.1
1.55[224 | 3.10 | 450 | 589 | 7.20 | 8.06 | 7.44 | 5.70 | 3.72 | 270 | 155 | 530
1.24]1.96 | 341 [5.10(6.82 | 780 [8.06 | 7.13 [ 540 | 3.72 | 180 | 093 | 533
124 1.96 | 370 [4.80| 6,51 | 780 [8.99 | 7.75 | 5.70 | 3.72 | 180 | 093 | 543
155|224 | 3.72 [5.10| 682|780 | 868|775 | 570 | 4.03 | 210 [ 1.55 | 57.0
124|224 | 372 |5.70| 744 | 810 | 868 | 7.75 | 5.70 | 4.03 | 210 [ 124 | 579
155|252 | 403 570 7.75|8.70 [9.30 | 8.37 [ 6.30 | 4.34 [ 240 | 155| 625
280|465 6.00]8.06]|9.00[992|868 | 660|434 |270|186] 665
336|527 |690]|868|960]|961(868|690|496|300(217| 716

Vanabhly between stations within single zones is as high as 0.02 inches per day for

zone 1 and during winter months in zone 13, The average standard deviation of the

ETo between estimation sites within a zone for all months is about 0.01 inches per
day for all 200 sites.
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e - | 8 53.31062.5 In/yr,
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@ 53 to 58 Inches.



Why did “normal year” ETo increase from 1993-19997

Our understanding and accuracy of environmental and plant systems keeps
improving. Then does this mean the old Kc values are always accurate?

2.50 ——1993 DWR Evap Pan ETo: 49.3in
. -—=—-1999 CIMIS ETo.: 57.91in
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Daily ETo Variance

The Daily ETo Yariance provides a comparative report of ETo variance for selected station(s) and date range
specified

Hote: hultiple =elections can be made by holding down the "Ctrl* or "Shift" keys while making selections.
Stations
Select a station(s) from the following categories. By default, only the checkbox for Active Stations is checked. Click

on the checkboxes for Inactive Stations, Region, County, and Zip Code to see their respective selection boxes.
Selecting a station(s) from these lists produces standard reports

Please select

Active Stations
7] nactive Stations
[ stations by Region
D Stations by County
D Stations by Zip Code

2 - FivePoints, Since Jun/1982

5 - Shafter/lUSDA, Since Junf1982

B - Davis, Since Jul/1982

7 - Fitebaugh/Telles, Since Sep/19582
8- Gerber, Since Sep/1982

12 - Durham, Since Oct/1982

13 - Camino, Since Octf1982

15 - Stratford, Since Oct/1982 hd

Station List:

B Saltintro an... g

How do we figure out ETo? Access California
rrigation Management Information System on-line.

CoQ10 Dosage - Here's Th,,, = 0 CIMIS - [ Daily ETo Yariance ]

ve| A

* O] other bookmarks

LA
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OK on ETo for my area. Where do | get
the right (?) crop coefficients, Kc

* http://wwwcimis.water.ca.qov/

Drip - Microsprinkler - Flood Weekly ET/

[- http://cekern.ucanr.edu/Irrigation Management/Almond ]

o http://www.almonds.com/irrigation#tc-irrigation-
management (Almond Board website)

* https://www.sustainablealmondgrowing.orqg/
— (full on irrigation calculator, must sign in, sponsored by ABC)

» http://thealmonddoctor.com/irrigation-management/

» http://ucmanagedrought.ucdavis.edu/Agriculture/Crop Irri
gation Strategies/Almonds/

Almond Board of California


https://www.sustainablealmondgrowing.org/
https://www.sustainablealmondgrowing.org/
https://www.sustainablealmondgrowing.org/
https://www.sustainablealmondgrowing.org/
https://www.sustainablealmondgrowing.org/
https://www.sustainablealmondgrowing.org/

Stress at any period

I UC Drought Strategies Explained reduces vegetative growth,

affects future yield!
C I 'I, 4.0 Severe Deficit in this period

will increase shriveled nuts

Pericarp length (outside hull dimension)
Deficit in this period will F_— P ———

dedrease nut/fruit size____e
3.0 i—
Deficit in this period will
= increase “texturing”, decrease
- Seed Iength kernel weight
ﬁ . CEFTRERIAA S e R
2'2.0 Endos er i B S I R
= p W - T . — ] | | ] [ ] _y ] [ ] b
3 Iength Embryo !ength '-E:'
;o Deficit in this period R o -
F - -
1.0 : ¥ has minimal effec‘:isw 1.0 =
j ! .
¥ .
r -« * Embryo dry weight
M e -
; = ! | | |
March April May June July August Sept.
P - — W et >
A STAGE 1 STAGE 2 STAGE 3 Defi hi d
Growth in size of fruit Growth in Increase in weight of seed”°C icitin this perio
size of effects fruit bud set

embryo



Comparison of Grass and Almond ET  Full cover almond ET
lags behind pasture ET W

and then surpasses
grass water use from
June through Septembe
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o o o N

Uncut well watered
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—e—Almond crop coefficient (Kc)
—e—Mature Almond ET (52.3 in)

Cr

i/6 2/6 3/6 4/6 5/6 6/6 7/6 8/6 9/6 10/6 11/6 12/6




ET Estimates Using CIMIS Zone 15 Southern SJV "Historic" ETo (1st published 2002)
Normal  Mature Almond ET -- Minimal Cover Crop, Mlcrosprinkler ZOX.ZZ
Year Crop (inches, S. San Joaquin Valley) Spacing
Grass Coef- ’ Gallon /g

ETo ficient 1st Leaf 2nd Leaf 3rd Leaf 4th Leaf Monthly Daily day /

Week (in) (Kc) @ 40% @ 55% @ 75% @ 90% Mature Total Avg tree
1/6 0.21 0.40 0.03 0.05 0.06 0.08 0.09 0.01 3
1/13 0.28 0.40 0.04 0.06 0.08 0.10 0.11 0.02 4
1/20 0.30 0.40 0.05 0.07 0.09 0.11 0.12 0.02 5
G OO g I e 1/27 0.36 0.40 0.06 0.08 0.11 0.13 0.14 JAN 0.46| 0.02 6
2/3 0.42 0.40 0.07 0.09 0.13 0.15 0.17 0.02 7
113 2/10 0.47 0.40 0.08 0.10 0.14 0.17 0.19 0.03 7
ce ke n 2/17 0.54 0.40 0.09 0.12 0.16 0.19 0.22 0.03 8
2/24 0.61 0.40 0.10 0.13 0.18 0.22 0.24 0.03 10
i rri ati O n 3/3 0.69 0.42 0.12 0.16 0.22 06 - .,/~. | ' 0.04 _ 11
g 5/5 1.59 0.86 0.55 0.75 1.03 1.23 1.37 0.20 54
th) 5/12 1.66 0.90 0.60 0.83 1.13 1.35 1.50 0.21 59
a | m O n d ET 5/19 1.73 0.94 0.65 0.89 1.22 1.46 1.63 0.23 64
5/26 1.78 0.96 0.69 0.94 1.29 1.54 1.72 0.25 67
for KC / ET 62 185 098 0.72 0.99 1.35 1.62 180 |mAY 7.15]| 0.26 71
6/9 1.86 0.99 0.73 1.01 1.38 1.65 1.83 0.26 72
6/16 1.90 1.02 0.77 1.06 1.45 1.74 1.93 0.28 76
tab I e . 6/23 1.93 1.05 0.81 1.11 1.52 1.82 2.03 0.29 79
6/30 1.93 1.06 0.82 1.13 1.54 1.85 2.05 JUN 8.36| 0.29 80

o o ) ) ) ) 7 44 TN TN R R N O S S 2 Lo
10/27 0.77 0.83 0.26 0.35 0.48 0.58 0.64 OCT 3.49| 0.09 25
11/3 0.67 0.78 0.21 0.29 0.39 0.47 0.53 0.08 21
11/20 0.57 0.71 0.16 0.22 0.31 0.37 0.41 0.06 16
11/17 0.48 0.68 0.13 0.18 0.25 0.30 0.33 0.05 13
11/24 0.42 0.60 0.10 0.14 0.19 0.22 0.25 0.04 10
12/1 0.36 0.50 0.07 0.10 0.13 0.16 0.18 NOV 1.32| 0.03 7
.‘ 12/8 0.31 0.40 0.05 0.07 0.09 0.11 0.12 0.02 5
L 4 12/15 0.29 0.40 0.05 0.06 0.09 0.10 0.11 0.02 4
12/22 0.25 0.40 0.04 0.06 0.08 0.09 0.10 0.01 4
ADVANTAGE 12/29 0.21 0.40 0.03 0.05 0.06 0.08 0.09 DEC 0.47]| 0.01 3

_Total 57.90 20.91 28.75 39.20 47.05 52.27 52.27




WEEELY SOIL MOISTURE LOSS IN INCHES
UC {Estimated Crop Evapotranspiration er ETc)
07/18/16 through 07/24/16
I Crops (Leafont Dais) C #5 Shafter #1125 Arvin-Edivon #146 Belridze
E Past Waak Accum’d  Wext Waak's Pasi Wesk Accom'd  Mesd Wesk's Past Waak Accum’d Moot Weak's
of Water Sgeomal FEstimatad of Watar Seasonal Estimuizd of Water Sawpomal Estinartad
sz Watar Uss ETc Uss Water Usa ETc Usn Watar Uss ETc
Almonds (2/22) * 2.06 3214 198 237 3472 2.4 204 3233 207
Pistachio (3/28) * = 2.06 22 68 198 236 24 67 2.4 204 2258 207
Crtros 1.21 2426 1.14 141 2596 133 1.19 2469 123
Grapes (3/10) (late season table, 75% cover) 249 24.88 0.00 293 2745 0.00 247 24.89 0.00
Winegrapes (3/10) (30% cover) *** 0.94 15.05 0.91 1.09 16.05 1.05 0.93 1491 0.95
Alfalfa 1.78 3459 1.70 208 37.06 1.96 1.76 3521 1.79
Cotton (4/4) 222 1799 212 260 2007 245 219 1795 225
Fast 7 days precipitation (inches) 0.00 Q.00 0.00
Accumnlated precipitation (inches) 3.73 639 395

Weekly crop report on ETc for Kern — courtesy of DWR and UCCE  myme
(available for Fresno and Tehema also, others maybe coming)

a3l WEELRL T AFFLIELF §¥ALLK I INGOED, A UDS LR PUK EPPIGLEDNWG T 7
Crops #5 Shafter #125 Arvin-Edison #146 Belridge
System Efficiency == 65% T5% 85% 95% 65% TH% 5% 95% 65% T5% B¥% 05%
Almonds (2/X2) 32 27 24 22 316 iz 2B 25 31 27 24 21
Pistachio (3/28) 32 27 24 232 316 3l 2B 25 31 27 24 21
Citrus 1.9 16 1.4 13 22 1.9 L7 L5 1.8 L6 1.4 13
Grapes (3/10) (late season table, 75% cover) 38 33 29 26 45 i9 34 31 38 33 29 26
Winegrapes (3/10) (50% cover) 14 13 11 1.0 17 15 13 11 14 12 11 10
Alalfa 27 24 21 19 32 28 24 22 27 23 21 19
Cotton (4/4) 14 3.0 26 23 40 1.5 3.1 2.7 3.4 29 26 23
émite??mﬂmmﬁwa specific ATiZation System to satisfy evapOATSpiration. Typical fAnzes in iTiZation system effciency are: DI, BU%-55 %, Micro-sprinkler. 509007 Sprinkier 70%-85%; and Border-farmow.
Far further information concerning all counties receiving this report, contact the Kemn Co_ Farm Advisor's office at (661) B68-6218.

aimonds

Almond Board of California



1.4 ——Older UC Published K Changes in
_ 0~ Sanden S5JV Kc (released 2002)

E 12 ] —i— 2008 - 12 Measured Ke (Brown fertilty trial) Almond Kc / ET
= Estim ver
: e stimates Ove
S 1.0 O _ 50 Year
E \ ] i i e _ res o
S . [ - | [ .'.(.‘

0.8 . n ] :
E‘ L [ \ H"‘
2 ] - .
2 0.6 - - ]
0 | ]
E 1 Avg Ke 41 - 1115 Calculated Avg ET
- 4 | eTo—0o Older Avg Ke = 0.81 423 in (411 - 1115) —0
= | \ Sanden Avg Ke =093 52.3 in (year)
% 0.2 Measured Avg Ke = 1,05 596 In (year)
m - {Using CIMIS Zone 15 "Historic Eto™ = 57.9 in)

ﬂ-u T T 1 T T T T T T T T
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Do you
get 6,000
Ib/ac with
60" ET?
(Brown
fertility trials,

275 Ib/ac N
yields)

al
o
o
o

AN
o
o
o

3000

2000

Single Tree Kernal Yield (Ib/ac)
o
(@)
o

+ 2008

1200 — 1600 mm ET +2009
X . g = 2010
. x  %a - x 2011

x 2012

50 52 54 56 58 60 62
Single Tree Yearly ET by Soil Water Depletion (in)




Goldhamer 189807 Smgle
Spur dynamics- high water, high M (2001-2007) tree reps
Goldhamer- Lerdo Highway 2005-2009
Australia- Skewes 2009

Australia- Almond Board of Australia 2010
SCRI 275 |b N drip

SCRI 350 |b N drip

SCRI 200 |b N drip

Almon
d yield 8000 1
by light c000 |

LI R I

PAR) — SCRI single tree
( S ¥ :
S 4000 - /{.;/ Single year
& ] orchard or
S |
ot average
water & 3000 - i P g
k=)
2
=
(Courtesy of g 20007 I
@D
Bruce x .
Lampenin) 1000 - - Multi year
) plot averages
D I I I I I I
0 10 20 30 40 50 60 70
Applied water (inches)
0 10 20 30 40 50 60 70 80 90 100

PAR interception (%




Correlation of 2016 Nonpareil yield with applled
I water improved 2x to 0.51 |

Nonpareil Kernel Yield 8/16/2016

AN ;:RSL

4500
4000 °
[ ] ® .
° (] o .
— [ ) ® ..o L J
& 3500 ool O
: 3, 000t
— ® o [ )
e @ ..o o ®
@ 3000 o %. i ® * eeo
= w0t ® Yo
e 9. e o
S 2500 o« © o e
~
o y = 27.286x + 1781
2000 e R? = 0.5129
QY 1500
g?owmg 20 30 40 50 60 70 80

ADVANTAGE

The Aimona Gonernce Applied Irrigation + Precip Jan 20 - Oct 28 (inches)



Avg Conductance 3/25-9/22/2015

(mmolH20/m"2/sec

Applied Inches vs. Avg COND
600 y =6.6033x + 65.416
550 R?=0.7271
500 AERIAL IMAGERY CAN
IDENTIFY
IRRIGATION/STRESS
400 NON UNIFORMITY
350 }/‘/ o
300 4 = * i
* %‘ E 1N 1.8 j ke n TOGET::FZZESS 8
230 . i} ;. | i '.' ¥ . Unstressed
200 T T T ]
30 40 50 60 70

2015 Irrigation + Rain (1/27-11/14, inches)

3/25-9/22/2015 average
almond plot CONDUCTANCE
by 2015 applied irrigation

(10 flyovers) I I | | I

GALCON
CONTROLLER

Canopy Temp/Water Stress by Irrlqatlon Treatment
(CERES Spectral Imaging 6/17/2015)




BgmpmentiormakingirigationiGaecisions
slViost: Commoni Methodi— Use a sharpertool!
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Dendrometers trackesmail
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';J“echnology s helpful but the

P




SOME SIMPLE ECONOMIC CONCLUSIONS:

1) There Is no perfect number for almond Kc or ET 4
2) A tree may yield 5,000 Ib/ac on 50, 60 or 70 in the SJV ; >

3) Real-time monitoring Is the only way to insure minimum £ ’ﬂf%
stress and maximum efficiency and yield. AT

*Cheap water, good prices, no soil sealing: not a big
payback on “saved water”...

*$60 water, on 150 acres: 6” = $4,500
*$100 water on 150 acres: 6” = $7.500
*$1000 water on 150 acres: 6” = $75,000

500 Ib/ac kernals on 150 acs:
@ $2 net after harvest costs = $150,000

¢ california
almonds
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Development of Surface Renewal Technology

Andrew J,
+_ McElrone

Collaborators: Paw U, Snyder, Williams, Battany
Student/Post Docs: Shapland, Calderon, Parry
Funding: J Lohr Vineyards, NIFA-SCRI, AVF, USDA
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Surface Renewal Technology Development

e ek e
L

- theoretical - _/////
Time

22 26 30

Temp /‘ Temp /\_/
Time Time

actual

time ()

Successfully removed the need for calibration of
Surface Renewal against Eddy Covariance




New Surface Renewal System:
A reliable & automated ET measurement system

.....

Eddy New Surface Renewal

Covariance ~$200
~$10,000

Mimicked Arduino for programming ease



Proof of concept:
Compare to lysimeter & eddy covariance (both gold standards)

I §
M 3
i R
3 .
b 4 P
-
|/
& B
¥

Kearney Agricultural Center
Univ. of California- Parlier CA



Surface Renewal vs. Lysimeter
Kearney Ag Center- 2012 & 2013

e e e el g At Eo . o e e e mc e

B

a
e
i

Daily ET Surface Renewal (mm)
Modeled Rn

Daily ET Lysimeter (mm)



10 :
Esparto Vineyard: g
g. 3 plots, 3irrigationtrts , . ¢

ETaby eddy covariance (mmd™)

y =0.98 x
o R* 0.92
2 -oos g P-value < 0.0001

T T T T

2 4 6 8
ET, by surface renewal (mmd™)

In past several years, measured in 10+ plots within wine and
table grape vineyards; slopes range from 0.9 - 1.05



Surface Renewal vs. Soil Water Budget
Kearney Ag Center- 2012 & 2013

100

90 -
y = 0.87x + 0.84
R?=0.96

80

70 -

60 -
50 -

40 |

ET Surface Renewal (mm)

30 -

20 ".. \ 1 L 1 L 1 ' 1 ' 1 L 1 \ 1 L
20 30 40 50 60 70 80 90 100
Soil Water Budget (mm)




How to use the technology?

Example #1: Amount lost = amount applied

* Not possible previously on a site by site basis
* Asif thereis a weighing lysimeter at each site

~« Automated reports to users- layered approach
« One, simple actionable number: Pump run
fimae



How to use the technology?
Example #2: Targeted deficit based

on effective water use
— 1600 - i
Iq) 7 “.;
S Wet Treatment _
> _ Overwatering
g 12001 .
e '
)
£5 \
L e ]
%’ L 800 Measured by
= _g Surface Renewal
S& |
S 400]
S ;
- i
@) 1 — Cum. ETa
B ] --- Cum_ irrigation
o=
27 29 31 33 35 37



How to use the technology?

Example #2: Targeted deficit based
on effective water use

—
()]
-]
Q

Medium Treatment

—
N,
S
<

Measured by
Surface Renewal ~ >

} Steady
- deficit

800

4007

— Cum. ETa [
--. Cum. irrigation ;

Cumulative ET,
or Cumulative Irrigation (L vine)




How to use the technology?

Example #2: Targeted deficit based

on effective water use
16001 N

Dry Treatment

1200/

8001 Measured by
Surface Renewal =

} Increasing
g deficit

400

— Cum. ETa
--. Cum. irrigation

Cumulative ET,
or Cumulative Irrigation (L vine)




Measure water use AND vine stress

Lysimeter Vineyard-Kearney Ag Center

1.1

2012 SR

. @
10+ e 2013SR o o I
- a 2012 Lysimeter q °
09+ m 2013 Lysimeter =
oaf - ey = -aFAYs.
=] i e
- i
H o7t |
= _ 3
L
0.6 -
» L _ y=0.59x + 1.32 R2=0.69; P<0.0001
...... / O
05+ )3/ SR
i ot oy ——— Lysimeter 1
04r & A} 0 e Williams et al. 2012
1.2 -1.1 1.0 -0.9 -0.8 -0.7 -0.6

0.3 G
-1.4 -1.3//
Tl

Leaf Water Potential (MPa)

During stress, vines can’t keep up with demand from atmosphere




ETa (gallonsivine)

Measure water use AND vine stress

~ Paso Robles- J Lohr Cabernet Sauvignon
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Sign In Order Contact Us

tule

Crop Water

® Actual ET (in) 1 Irrigation (in)

Use Monitoring ' EN ..| + i

Daily Measurements at Field Scale.

Only 500 sensors available for 2015, 248 already sold!

Pre-order Yours Now

* Licensing patented technology from UC Davis
 Fundamental work with applied results in ~6 yrs
* 1In 2016, >1000 stations across varied crops




Alternative automated methods/
technologies to track stress

Infrared Radiometers (IRTs): used to measure plant

canopy temperatures for plant water stress estimation




Alternative automated methods/
technologies to track stress

Infrared Radiometers (IRTs): used to measure plant
canopy temperatures for plant water stress estimation

Crop Water Stress Index
or
Stomatal Conductance Ratio

Plant temp can indicate water stress-
when stomata close and leaf temps
increase
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I Turning Orchard Variability into
Opportunity

Allan Fulton
Farm Advisor, UC Cooperative Extension
Tehama, Glenn, Colusa, and Shasta Counties

Topics:

What are the opportunities?
Tools to help understand orchard variability
Introduce zone irrigation concept
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The Almond Cenference




1993 —almonds, soon after planting Almonds, approximately 10 years after planting
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Opportunities if variability can be managed:

* Increase long term average yield
o Twelve years after planting, potential of 400 to 1000
Ibs/ac/yr more yield across 87 percent of this orchard

*  More uniform crop development
o Assist pest management (root diseases, hull split
sprays, mites, weed control)
o Improve harvestability and reduce shaker injury

4
* Greater efficiency — More production per unit of

water, energy, N, bees, and $5$

Google E%rth



Soil diagnostic tools to help understand causes of orchard variability

Serpentine travel pattern

Electromagnetic (EM) soil
sensors

Surtace Map

5!
&

BaBEEO000
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finch = 1511

Sensors measure EC,

* Apparent EC of soil depends on
o Texture
o Structure
o Moisture
o Salinity
o Other properties




Percent gravel, sand, silt, and clay in relation to ECa (mS/m) measured with EM38 in almond orchard
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Long-term almond yields in respective soil zones

Almonds, approximately 10 years after planting identified with EM38 and Veris mapping methods
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Zone 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8§ 9
EM38 VERIS

2.5mS/m (Zones 1and 2)

2.5103.0mS/m (Zone 3)

N 013 8msinone Veris variability map for almond
e EM38 variability map for almond . Y . P
s e . [ [P——— orchard — Nine soil zones
e eenmaen OFChard — Four soil zones I 0016y
- 60 to 72 mS/m (Zone 4) - 16.7 to 26.7 mS/m (Zone 8)

- 26.7 10 49.3 mS/m (Zone 9)
@  soil sampling sites @  Soil sampling sites



Zone or variable rate irrigation concept

Zone irrigation design to

Soil variability map (Veris) match soil variability
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/ | \\¥‘ Kent Stenderup,

Stenderup Ag Partners
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Discovery, Design and Implementation

*\eris

*Aerial Imagery, Infrared

*Soil Analysis

eIrrigation System Type

*Real-time Soil Moisture Sensors by Zone

Y californi
almonds

Almond Board of California




Variability Map

An overview of the range of soil variability in the field

Client: Stenderup
Grower: Stenderup
Ranch ID: 25

Field ID: O3

Total Acres: 149

Likely Soil Type Based On
Conductivity Reading

clay

loam

sand

o T 10 100 1000

Findings: Phase 2: Variable Rate Amending (VRA)
The variability identified within the field makes up 3 = =
areas, 45.2%, 47 .6% and 7.2%. How much do you spend on a given The field has an estimated two areas that most
amendment, per acre? Calculate your likely need to be amended differently. Percent
Area 1 (45.2%) is identified as blue on the standard amendment cost per acre below savings are calculated from a standard rate,
Variability Map. and then calculate your savings with the assuming 100% of the standard rate is applied to
VRA estimate to the right. the area that most needs amending.
Area 2 (47.6%) is identified as green to yellow
on the Variability Map. Standard amendment Estimated VRA savings:
Area 3 (7.2%) is identified as orange on the application:
Variability Map. % below standard rate )
s 33 " . . ounds/acre 2000 on Area 1 (%2 of field)
Conductivity readings indicate sandy loam P
to sandy clay loam range in soil type. cost/pound -0625 4+ ((%° below standard rate 25 ) oy
Within the 3 areas, 12 to 13 possible sample zones =% $125 standard on Area 2 (% of field) a7 . 6%
exist Soien et % below standard rate o
Estimated Areas of Variability: cost/acre -+ 0% ornia
o
|__Acres % of Total Field EC Range eifeas GO GRbcld)) 10.8% a .

aread estimated % of savings on = 34.5°, :)n S

Area 2 70.9 47 .6% 35-60 standard amendment cost or d of California

7 — G A - Sors i A rate per acre usina VR A




3 Distinct Soil Types
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Irrigation System Design
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?“:’ [] FILTER STATION
i+ @ MANIFOLD VALVE

@ MAINLINE FLUSHOUT
» 3" MANIFOLD FLUSHOUT
© 2" MANIFOLD FLUSHOUT

8 AIR VALVE ASSEMBLY

MAIN LINE
SUBMAIN LINE

- MANIFOLD LINE
BLOCK & HOSE SEPARATION

—— — — — — — FIELD BOUNDARY

GENERAL NOTES

CROP: ALMONDS
SIZE: 153,02 NET ACRES
TREE SPACING: 24' X 1§
APPLICATION RATE: 04115 ACRE INCHES'HOUR
EMISSION UNIFORMITY (EU): 96%
G.P.MJACRE: 1863
EMISSION DEVICE: NETAFIM 20MM UNI-RAM 92 G.P-H.
@ 36" SPACING (DUAL LINE)
TYPE OF TUBING: 690 LD. POLYETHYLENE
MIN. MANIFOLD VALVE PRESSURE: 30 P.S.1
FILTER STATION: 10" AG PRODUCTS SPIN CLEAN (150 MESH)
DEEP WELL: CAPABLE OF 1,510 GPM. @ 45 PSL W/ VFD,

BLOCK INFORMATION

BLOCKS A: 7,274 TREES, 72.14 ACRES, 1,345 GPM

SET INFORMATION

(SET1)BLK'SA:  7.274 TREES, 72.14 ACRES, 1,345 GP.M,
(SET 2) BLK'S B & C: 5.155 TREES. §0.88 ACRES. 1.507 GP.M.

TOTALS: 15,429 TREES, 153.02 ACRES, 2852 GPM.
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Zone Change Soil Moisture Monitoring

@california
almonds

Almond Board of California



Arvin, California
The Garden in the Sun




] Questions?




