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Almond Nutrition/ET Collaborative Projects

Field Calibration of Surface Renewal ET — Updated Crop coefficients for CA:
2007-2009 (CA Dept of Water Resources)

Refined Crop Coefficients to Improve Water Resources Planning and
Management: 2008-2009 (CA Dept of Water Resources)

Development of a Nutrient Budget Approach To Fertilizer Management In
Almond: 2008-2012

Fertigation: Case study of interaction of water and nutrient management in
almonds: 2008-2012

Advanced sensing and management technologies to optimize resource use
in specialty crops: case studies of water and nitrogen in deciduous crops
under normal and resource-limited conditions: 2009-2012 (USDA
Speciality Crops Research Initiative)

Optimization of water use and nitrate use for almonds under micro-irrigation:
2010-2012

Almond orchards and greenhouse gases: calculating nitrous oxide
emissions from two N fertilizer and two micro-irrigation systems: 2008-
2012



Cooperating Researchers/Agencies/Companies:

Rick Snyder (UCD), Allan Fulton (UCCE, Butte) Dan
Munk (UCCE Fresno), DWR (Almond ET)

Patrick Brown, Sebastian Saa Silva, Saiful Muhammad
(UCD; Tiree nutrition)

Ken Shackell, Bruce Lampenin;, Mike Whiting (UCD),
albove andimany: others, NASA (‘T ree stiess and remote

Sensing)

Dave Smart, Daniel Shellenberg; above UCD (NOx
emissions and N fertilizer efficiency)

PARAMOUNT FARMING COMPANY

FUNDING: YARA, HAIFA, SOM FERTILIZER COMPANIES,
ALMOND BOARD of CA, CDFA-FREP, DWR

In-kind: PureSense, Grundfos, Bowsmith, Irrometer




« ESSENTIAL water/fertigation for almonds

1 : something basic <the essentials of
astrenomy>

2 . SeMEething necessary,

Indispensanle; or unaveidable
(Merrram-\Vebsters Dictionany)

3 . Making 4,000 |b/ac nut meats!
(Westside Almond Growers)




SO WHAT'S the
ESSENTIAL WATER
& FERTIGATION

SYSTEM for
MAKING 4.000 Ib/ac?
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Injecting fertilize TL; W
and applying 0.6% ..
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YES ...
NO ...
DEPENDS.



What’s the critical process
that keeps the crop growing?

PIBLOSYRLIIESIS

s Viaxamum
carpon diexide
Liptalke
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This IS your crop.




This Is your crop
on reduced water.
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Creating e ehiicient el dwateifoalance =

VOUIFSONIMGISIUE ChECKING acecoln!

The Water Budget Methed of Irrigation

ET Lassto the

*How big is the cup (soil AWHC)? Atmosphere
eHow thirsty Is the crop (ET)?
How often/much do you fill the cup

ET

(SChEdU“ﬂQ)? B ] i inches/day  days
| L 0.25 1
f E o283
[ 0.30 3
Allowable iyl B a.10 4
. ETIEI Depletian R Eae :
vallaklé L — = oas s
0,30 7
J 2.0 7
- A
IRRIGATE 1. When¥--—-—--- Adter 7 days

2. How much?-- Apply 2.10 inches of water + losses
[Efficiency consideration)



eNERgatien netaedy/ Systemis thie
“ESSENNHALERiegraung iactior: o
creang anroptimaliiwatels alance:

California crops sit
most firmly on a

LIFE CYCLE & WATER USE (ET) || chair with 4 legs!
ROOTING CHARACTERISTICS —
DESIRED STRUCTURE / SPACING
HARVEST REQUIREMENTS
FIELD TRAFFIC

L}
AL

SOURCE / SUPPLY g2 IR s s g e i iR IRRIGATION METHOD
SALTS / QUALITY T r s 1%  DISTRIBUTION PATTERN
REQUIRED AMENDMENTS Lo i ekalie IRRIGATION FREQUENCY
COST _ \ MONITORING
MAINTENANCE / REPAIR
OPERATING COST
CAPITAL COST

TOPOGRAPHY
TEXTURE
INFILTRATION RATE
DRAINAGE
SALTS / QUALITY
AMENDMENTS / COST




ESSENTHAILS 10 OPTHIMIZE CROPTPROPUECTION

> AVAICABLLEWATIER
> ROOIZONEAERAIHIGON

> SUEEICIENIFROONTEDVOILEUME EOR
ANCHORING ANDINUNRIENHS

> AVAILLABLEE NUNRIENNS = N, K Zinc, Boron,
Ion

» AVOIBDSATTURATHON & HIGH HUNMDINNYAIO
PDECREASE DISEASE

» CROP'SIIRUCTIURE EORIMAXIMUIM
PHONOSYNITIHESIS & ERUINFDEVEIC@RIVIEN]

» EQUIEMENIFEORIHIMELLY @RPERAIHGONS
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/ S-POINL SEMGN:

sl Unoerstanding & moniteino soll
Wateihelding charaCleliStes

o Crop water requirementsi(Eir); CIVIS

o NP nubrent requirements fior alimends
& fertigation epLoens
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Check your dirt! It
has more Ssecrets
than the CIA.

s
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Check your dirt!

ditles, dark yellowish brown (10YR 4/6) moist;

gak fine subangular blocky structure; slightly hard,
friable, nonsticky and nonplastic; many very fine
nd few fine roots; common very fine and few fine
lar pores and many very fine interstitial pores;

eutral; clear wavy boundary.

—48 t0 56 inches; white (10YR 8/1) silt loam, gray
10YR 5/1) moist; common medium prominent
rownish yellow (10YR 6/8) mottles, dark yellowish

rown (10YR 4/6) moist; moderate medium
ubangular blocky structure; slightly hard, friable,

lightly sticky and nonplastic; many very fine and

gommon fine roots; many very fine and common fine
 —— fbular pores and common very fine interstitial

pores; neutral; clear wavy boundary.

—56 to 65 inches; very pale brown (10YR 8/3)
sand, grayish brown (10YR 5/2) moist; few fine
prominent brownish yellow (10YR 6/8) mottles, dark
yellowish brown (10YR 4/6) moist; single grain;
loose, nonsticky and nonplastic; many very fine
nterstitial pores; neutral.

oil is noneffervescent below a depth of 11 to 20

A n a.l yS I S : he A horizon has dry color of 10YR 5/2, 5/3, 6/2, or

dand moist color of 10YR 4/2, 4/3, or 5/3. Clay

S P 48 - S at u r at I O n % ngsrlg:i)z?r11haagzrr§‘egglor of 10YR 6/2, 6/3, 6/6,

2,7/3,8/1, or 8/3 or 2.5Y 6/2 and moist color of
R 3/2,3/3, 4/2, 4/6, 5/1, 5/2, or 5/3 or 2.5Y 4/2 or

p H 7 8 Mottles have dry color of 10YR 5/6, 6/6, 6/8, or

dor 7.5YR 5/4 and moist color of 10YR 3/6, 4/6, or
dor 7.5YR 5/4. Texture is stratified sand, loamy sand,

E C 2 O d S/m amy fine sand, sandy loam, fine sandy loam, loam, or

e - tloam. Clay content is 10 to 18 percent. Reaction is

ightly acid to moderately alkaline.

Xxeter Series

e Exeter series consists of moderately deep, well
fained soils on broad alluvial terraces. These soils
imed in alluvium derived dominantly from granitic rock.

‘:- is 0 to 9 percent.
Soils of the Exeter series are fine-loamy, mixed,
flermic Typic Durixeralfs.

Typical pedon of Exeter sandy loam, O to 2 percent
lopes (fig. 4); on an alluvial terrace where slopes are 1
ercent; about 3 miles west of Highway 65 on Highway
155, 150 feet north and 200 feet west of the southeast
BAC K H O E P I TS orner of sec. 7, T. 25 S., R. 27 E.; Richgrove

Quadrangle.

ip—0 to 4 inches; pale brown (10YR 6/3) sandy loam,
dark brown (10YR 3/3) moist; weak very coarse

| platy structure; very hard, friable, nonsticky and
A U nonplastic; common very fine roots; many very fine
1 interstitial pores and few very fine tubular pores;
neutral; clear smooth boundary.

Figure 4.—Profile of Exeter sandy loam, 0 to 2 percent slopes. A
duripan is at a depth of about 24 inches.
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SOILE TEXTURE
DETERMINES AVAICABICE
WATER HOILLDING CAPACINFY:

. i SOIL TEXTURE
o & “FEEL METHOD”

Inch depth of water
AWHC =%Volume =

1 foot depth of soll



SOIL TEXTUR
“FEEL METHOD”
FLOWCHART

Start)

Place approximately 25 g soil in palm.
Acd waler dropwise and knead the soi
1o break down ail aggregales. Soil is

al the proper consistency when Add dry scilto
plastic and moldable, like moist putty. I-..._Lso:u up water

L/

Dces soil remainina
ball when squeezed?

s

Place ball of soil between thumb and lorefinger
gently pushing the soil with tlhe thumb, squeezing
It upward into a ribben. Ferm a ribbon of uniform
thickness and width. Allow the ritbon to emerge
and extend over the foretinger, breaking from ils
own weight,

LN N
LOAMY NO  Does soil form aribbon? I
SAND
YES
Does soil make a I Dces soil make a Does soil make a
weak ribbon less no ] medium ribbon —no Y strong ribbonScm
than 3 cm long 3to5cmlong ] orlongerbelcre
belore breaking? befcre breaking? breaking?

o A v 3 4]

Excessively wet a small pinch of seil in palm and rub with lorcl‘lnger

STV NI

Does soil Does =oil Does soil
feel very feel very feel very
gritty? gritty? s gritty?
YES
NO

Does soil Does soil Does soil

feel very feel very feol very
smooth? smooth? smooth?
YES YES YES '
NO ; NO

Neither grittiness Neither grittiness Neither grittiness
nor smoothness nor smoothness nor smoothness
predominates predominates predominates




e diEE ISTTREtANG: Ko /eUIE Seril

Avg Drip
Subbing
Field Available Diameter *Moisture
Capacity Wilting Point Soil Moisture from 1to 4 Reserve
Soil Texture (in/ft) (in/ft) (in/ft) Depth (ft) (gals)

Sand 1.2 0.5 0.7 2 4

Loamy Sand 1.9 0.8 1.1 16
Sandy Loam 2.5 1.1 1.4 35
Loam 3.2 1.4 1.8 70
Silt Loam 3.6 1.8 1.8 102
Sandy Clay Loam 3.5 2.2 1.3 100
Sandy Clay 3.4 1.8 1.6 123
Clay Loam 3.8 2.2 1.7 170
Silty Clay Loam 4.3 2.4 1.9 241
Silty Clay 4.8 2.4 2.4 305
Clay 4.8 2.6 2.2 345

*This is the maximum gallons of water stored to a 4' depth beneath a single drip emitter. In fine
textured soils, the wetted volume of one emitter merges with another on the same hose and final
gallons of moisture reserve per emitter will be less than the number shown in the table. Plant
stress will usually be seen when about 50% of this reserne has been used.

Ref. Ratliff LF, Ritchie JT, Cassel DK. 1983. Field-measured limits of soil water availability as related
to laboratory-measured properties. Soil Sci Soc Am. 47:770-5.
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| “total available Waff',_l._ e

with microsprinkiers. &
@ 1.5 in/day.... ©
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EstimatnaVVater Helaing CapacTi &

VITCronmaation  Set INmes oy @rechands

Textures and

Refill Times for Different Soil

Micro Systems

lIrrigation Time to Refill & Moisture Reserve of
4 Foot Wetted Rootzone @ 50% to 100% Available

Sibbine |ooretime LALMONDS 0.28 inch/day ET
Available Diameter| Drip 1- Moisture 10 gph Moisture 14 gph Moisture
Soil from 1to | gph, 10 Resene @| Fanjet, 1 Reserve @| Fanjet, 1 Reserne @
Moisture 4' Depth per tree 0.28"/day | pertree 0.28"/day | pertree 0.28"/day
Soil Texture (in/ft) (ft) (irrig hrs) (days) (irrig hrs) (days) (irrig hrs) (days)
Sand 0.7 2 2.2 0.3 11.6 1.6 12.5 2.4
Loamy Sand 1.1 3 7.8 1.0 19.6 2.7 20.9 4.0
Sandy Loam 1.4 4 17.5 2.4 26.9 3.6 28.3 5.4
Loam 1.8 5 35.9 4.9 37.1 5.0 38.6 7.3
Silt Loam 1.8 6 43.1 5.8 39.7 5.4 40.8 7.7
Sandy Clay Loam 1.3 6 31.1 4.2 28.6 3.9 29.5 5.6
Sandy Clay 1.6 7 44.7 6.0 37.6 51 38.3 7.2
Clay Loam 1.7 8 54.3 7.3 42.6 5.8 42.9 8.1
Silty Clay Loam 1.9 9 68.2 9.2 50.6 6.8 50.5 9.6
Silty Clay 2.4 9 86.2 11.6 64.0 8.6 63.8 12.1
Clay 2.2 10 87.8 11.9 62.3 8.4 61.5 11.6

'Based on a tree spacing of 20 x22'. Drip hoses 6' apart. 10 gph fanjetwets 12' diameter. 14 gph fanjet @ 15' diameter

Note: Peak water use @ 0.28"/day and 20 x22' spacing = 74 gallons/day/tree. 0.20"/day = 55 gallons/day/tree.

Table takes into account merging water patterns below soil surface for drip irrigation.
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e s5c: )

g7 Depth - §

Sandy Clay Loam, ‘
g slightly calcareous

36" Depth

e Vi
king reliability of dry readings on

Chec

tensiometers with a soil core obtained with a 3
foot hammer probe.




A deV|ce usmg Iow Ievels of radlatlon the neutron -
probe was developed in the 1960°s for checking |
«soll moisture. Used mostly by researchers and
lrrlgatlon consultants, It Is often the standard
check for the accuracy of other Instruments.
Largest sample “volume™ to estimate moisture.



wwzii Entire Rootzone — —0—3' —05’

Neutron probe water content
profile for 7t leaf Fritz on
fanjet, 3500 Ib/ac yield and
44.8 inches irrigation.

Average available water = 60%

[ STORED SOIL MOISTURE |7 3
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Water Content @ Depth (in/ft)
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Evaluates SoilF
Water in Deeper |
e Layer”




A variety of loggers can be
used for various Sensors:
Costs from $100 ;(Hﬁb'o“§ to
$5,000 (Campbeli)

f




Watermark Readings from AM400 logger, reading 3x/day

3/15 4/5 4/26  5/17 6/7 6/28  7/19 8/9 8/30 9/20 10/11 111

©
o

-120

Almond (Fritz)

-150 | )
60 Sandy clay loam

Soil Moisture Tension (cb)

3/15 4/5 4/26  5/17 6/7 6/28 7/19 8/9 8/30 9/20 10/11 111

NONPARIEL o

M"‘;‘ md ‘ a
2 .30 ‘*N"
5
a _60 i
c
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8 _90 B —18 .
3 36"
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2 1120 - 60
=
?) -150 Almond (Non Peril)
Sandy clay loam
-180




Watermark Readings from AM400 logger, reading 3x/day

1/4 1/25 2/15 317 3/28 4/18 5/9 5/30 6/20 7/11 8/1 8/22 9/12 10/3  10/24

0 I I I I I I
Severe moisture deficit going into harvest

\

2004 Watermark Rdgs
Fanjet Almond, 2-10 gph/tree

Soil Moisture Tension
cb
()]
o
|

100 | T 18 47.9 inches applied :
28" Millham Sandy Loam
120 7 AVarada-sofl rHot e tensiorn: =57 ¢o

1/4 1/25 2/15 317 3/28 4/18 5/9 5/30 6/20 7/11 8/1 8/22  9/12 10/3  10/24

0 I I I I
¢ 20 Pk IR, M
— i - ®
[%2]
c
2 -40 -
L ~
55
o =60 -
S 2004 Watermark Rdgs
33) -80 Fanjet Almond, 2-12 gph/tree
100 . 59.7 inches applied —
Millham Sandy Loam _ _ ] -
-120 A -




Soll-Meisture: Changes in Citrus Unader Different IManifold Pressures

Drainage at the 15" depth takes Set 1"_ Good hose pressure.
about 3 days ?{o@pn/ormal . Loam'ler ground than set 2.
crop water us€ commences. Possible o}eep Possibly too wet, but trees
percolation look great and grower used

15" below 30". less water than previous year.

Foliage on tree skirt also
reduced throw of water.

Soil Moisture Tension (cb)

30"

% Mature Trees (15x20"), 12 gph Fanjet, 24 hr sets

~
O
~—

Set 2 -- Lower
pressure than set 1
and sandier ground.
No leaching past 30"

but refill adequate.

Mature trees (15x20"), 12 gph Fanjet, 24 hr sets Same row as set 1.

Soil Moisture Tension (cb)




Electronics, data loggers,
weather stations and multi-
stage Sensors can increase the
cost rapidly up to $5,000 to
$10,000. Does this degree of

Sophlstlcatlon payoff’)
b Tl TR



Irrigation Forecaster - PureSense Irrigation Manager

PureSense Comprenensive

-~ Site Info

| e M Soll Moersture &lrrigation
| Summary for Almonds

~Chart Date Range

From: | 1/ 172011 »| To: [ 91122011 & [ Update Chart | 1 Use Bounds | | System Bounds  Lipper Lower (88 | [ Save Bounds |

B8 42

= SoitMosture Sum e N e S VA N NN i AN
&8.31

08—  — Pressure OnOF
0.56 —

0.23 —

0.1

1172011 12:00 AM 212011 12:00 AM 3172011 12:00 AM 412011 12:00AM 172011 12:00 AM 2011 12200 AM  TA2011 12:00 AM 2011 12:00 AM SAr2011 12:00 AM
Double click on Chart to run calculations for that point in time
Hover Value |6/20/2011 8:00:00 AM | 10433 | % Value used for Calculations |6/20/2011 8:00:00 AM | (10433  |[=%

- Site Meta Data
Mumber of Sensaors Probe Length (meters) Manufacturer  Sertek ] [ Imigation Event Details ]
~wiater Bank .~ Time to Irrigate
Total moisture capacity |13.47 i Hours since last imigation event end | 110.9 hirs
Curmrent maisture holding level |12.78 in Volume of water depleted in
Minimum moisture capacity | 10.78 in Waiter Bank Fil Average rate of water bank depletion in/hr

Bounds Calculation Type |UserSe‘t Esitmated hours remaining urntil imgation | 137.0 hrs

5 Days 17 Hours

~ Irrigation Water Balance
Stat | 1/ 172011 | | Update |

~ Irnigation Application Rate . End | 6/20,2011 ha |
Average infiltration rate inshr Appeent Root Weker Uptales
“Waolume needed to reach total capacity in in

Estimated imigation duration s Total Applied Water




Use the pressure bomb tocheck Stem
V\ater Poetential (SVYVE) ter determine
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Equipment for checking soil Moisture
«Seat of the pants still most common method




/- S-POINE SErmon:

o Understandingl& moenitering seil water
nelding chanacierstics

o Cropwaierreguirements(END);
CIVIIS

o NPICnubment requirements fior alimends
& fertigation

o | AQatIoN &aGTa==C . - aalEfANCe
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Blake with his first soll
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From 1968 to 1990 detalled 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
publlshed by CA Depf; of Water Resources
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CALIFORNIA IRRIGATION  °©
MANAGEMENT
INFORMATION SERVICE

Courtesy of Mark Anderson, DWR



Monthly Average Reference Evapotranspiration by ETo Zone (inches/month)

DA3| 168 | 310 |450| 580 | 720 | B06 [ 713 | 510 (310 | 1.50 | 0593 | 49.1
155|224 [ 310 | 450 | 585 | 720 [8.08 | 744 [570 | 372 (210 [1.55| 530
12 | 124196 | 341 (510|682 | 780 (806 | 713 | 540|372 | 180|093 | 533
13 [ 124|196 | 3.10 | 480 | 651 | 780 [B99 | 775 | 570|372 (180|083 | B43
14 | 155|224 | 3.72 | 510 | 6B2 | 780 | B8R | 7.95 | 570 | 4.03 | 210 | 1.66 | 5¥0
15 | 124|224 | 372 |5.70 | 744 | B0 [ 868 | 775 | 570|403 | 210|124 ] 579

16 | 155|252 | 4.03 |570|7.75| 870 (930 | 837 | 630|434 | 240155 | 825

B (17 | 186|280 | 465|600 | Bo6 | 900|992 [668 | 660|434 | 270 | 1.86 66.5

29 18 | pag| 336 | 527|690 | see 960|961 leea | 690|496 | 300|217 71.6

T ¥ s, Variablity between stations within single zones is as high as 0.02 inches per day for

DS SN i [ L e -. zone 1 and during winter menths in zone 13, The average standard deviation of the

pe by et L & __-"_ .;' ""—. ':' M ONDO \H,\ ETo between estimation sites within a zone for all months is about 0.01 inches per

g N ‘;, o ket Tt B day for all 200 sites.
oy M ARIPOS # = D e

() - R T he whole Central
Gl \/alley covers Zones
12 te 16: for an
‘normal year” ETe
ofi 53.3/10 62.5 In/yr,
Wiith moest area
@) 53 10 58! Inches.

LENN 12 g T Zone| Jan | Feb | Mar | Apr [ May [ Jun | Jul | Aug [ Sep | Ost [ Nov | Dec | Total
i & ._;',r‘m,gm“_?'ER'RA W | 093] 1.40| 2.48 | 3.30 | 4.03 | 450 | 4.65 | 4.03 | 3.30 | 2.48 | 1.20 | 0.62 | 33.0
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CIMIS ET Estimates Using Zone 15 Southern SJV "Historic" ETo

Normal Mature Almond ET -- Minimal Cover Crop, Mlcrosprinkler 20X?2
vear Crop (S.San Joaquin Valley) Spacing
Grass Coef- ' Gallon /
ETo ficient lst Leaf 2nd Leaf 3rd Leaf 4th Leaf day /
Week (in) (Kc) @ 40% @ 55% @ 75% @ 90% M ature tree
1/6 0.21 0.40 0.03 0.05 0.06 0.08 0.09 3
1/13 0.28 0.40 0.03 0.06 0.08 0.10 0.11 4
1/20 0.30 0.40 0.04 0.07 0.09 0.11 0.12 5
1/27 0.36 0.40 0.04 0.08 0.11 0.13 0.14 6
2/3 0.42 0.40 0.05 0.09 0.13 0.15 0.17 7
2/10 0.47 0.40 0.06 0.10 0.14 0.17 0.19 7
2/17 0.54 0.40 0.06 0.12 0.16 0.19 0.22 8
6/16 1.90 1.02 0.58 1.06 1.45 1.74 1.93 76
6/23 1.93 1.05 0.61 1.11 1.52 1.82 2.03 79
6/30 1.93 1.06 0.62 1.13 1.54 1.85 2.05 80
717 1.93 1.08 0.62 1.14 1.56 1.87 2.07 81
7114 1.93 1.08 0.62 1.14 1.56 1.87 2.07 81
7121 1.86 1.08 0.60 1.10 1.50 1.80 2.00 78
7128 1.86 1.07 0.60 1.10 1.50 1.79 1.99 78
8/4 1.78 1.07 0.57 1.05 1.44 1.72 1.91 75
8/11 1.75 1.08 0.57 1.04 1.42 1.70 1.89 74
8/18 1.69 1.08 0.55 1.00 1.36 1.64 1.82 71
10/27 0.77 0.83 0.19 0.35 0.48 0.58 0.64 25
11/3 0.67 0.78 0.16 0.29 0.39 0.47 0.53 21
11/10 0.57 0.71 0.12 0.22 0.31 0.37 0.41 16
11/17 0.48 0.68 0.10 0.18 0.25 0.30 0.33 13
11/24 0.42 0.60 0.07 0.14 0.19 0.22 0.25 10
12/1 0.36 0.50 0.05 0.10 0.13 0.16 0.18 7
12/8 0.31 0.40 0.04 0.07 0.09 0.11 0.12 5
12/15 0.29 0.40 0.03 0.06 0.09 0.10 0.11 4
12/22 0.25 0.40 0.03 0.06 0.08 0.09 0.10 4
12/29 0.21 0.40 0.03 0.05 0.06 0.08 0.09 3
Total 57.90 15.68 28.75 39.20 47.05 52.27




Remember Regulated Deficit
Irrigation (RDI)?

“ldeal RDI i1s planned water deficits at
Specific crop developmental stages
that control vegetative: growin witheut
negatively: affecting production.

Goals: Solve hoerticultural problems;
Reduce water use;

Achieve higher farm profits.”
(Dave Goldhamer, 2007)




1992-1996 Kern County RDI trial: 10 different

treatments (Goldhamer & Viveros)

Table 1. Simplified average results of 5 year regulated deficit
irrigation (RDI) trial in almonds.

ET Kernal *Predawn LWP
Treat- Irrigation  Weight Yield July  August
ment (inch) (9) (Ib/ac) (bars) (bars)

55% 22.8 1.13 1503 -17 -24
75% 28.3 1.17 1639 -11 -22
85% 33.8 1.24 1722 -10 -23
100% 42.1 1.30 1870 -6 -15

*Approximate average of treatment leaf water potential for the month
as measured within 1 hour of dawn.




2 significant findings from RDI trials:

1.

2.

August/Pest-harvest Irrigation critical
10 fellewing year nut lead

HUll ret was reduced and aull split
was advanced by applying only 50%
oft normal Irrigation for June and first
half of July. (100 Ib/ac yield loss,
statistically insignificant.)




Westside Almond

Available Water Stored in Rootzone

Nonpariel yields (Ib/ac) by applied irrigation & N fertilizer
(Ib/ac) (starting year 5th leaf, NW Kern)

Lampinen, B., T.Dejong, S.Weinbaum,
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57.6 Total for 2003 2006 52.5 3241 2697 41.5 2739 2330 47.9 Total for 2003
3.2” Dormant Refill 2002-6 272.1 13232 10247 219.8 10749 9193 2.9” Dormant Refill
Entire Rootzone — —0—3' —05 Entire Rootzone — ——3' —0F5
120% + - 35 120% 35
2
— [e) —
100% - - - 3.0 £ 2100% A 30 &£
5 g £
80% — — 2.5 E. z 80% + _ 125 '*E_
8 2 \ T
o A o
60% -~ ] 20 9 2 60% — A 20 ®
5 5 g
40% — + 15 § S 40% 15 §
o 3 5
20% 4 1+ 1.0 g S 20% + VB 1.0 g
[ STORED SOIL MOISTURE S [ STORED SOIL MOISTURE
0% A+ ==ttt 05 0%+ A 05
8§ 3 ¥ & 2 33 238 32 32 2 o § 3 F & 2 83 238 2 3 2
NEUTRON PROBE WATER CONTENT OVER SEASON
119 2/16 3/16 4/13 5111 6/8 7/6 83 831 928 10/26 11/23 19 216 316 413 511 6/8 7/6 83 831 928

e \m\{\i\l

— "

—60"

36"

Nonpareil Almond
Reduced Irrigation -- 47.1 inches
Millham Sandy Loam




Nonpariel yields (Ib/ac) by applied irrigation & N fertilizer
(Ib/ac) (starting year 5th leaf, NW Kern)

Full Irrigation Reduced Irrigation
(in) N~250 N-~125 (in) N~250 N-~125
2001 ? 1926 1898| (-25%) 1979 1992
2002 48.5 1922 1275 38.8 1593 1215
2003 57.6 3004 2030 47.1 2352 1901
2004 59.7 2838 2752 47.9 2307 2209
2005 53.8 2227 1493 44.5 1758 1538
2006 52.5 3241 2697 41.5 2739 2330
2002-6 272.1 13232 10247 219.8 10749 9193
Witr Use Eff (Ib/in) 48.6 37.7 48.9 41.8
Requecee APPIICANG 0 AlRalnee
A a ] Lampinen, B., T.Dejong, S.Weinbaum, S.Metcalf, C.

Negron, M.Viveros, J. Mcllvane, N.Ravid, and

R.Baker. 2007. Spur dynamics and almond
productivity. CA Almond Board 2006 Conference
Proceedings, 18pp.



Do almonds really need
as much water as alfalfa
— 52 10 56 Inches? The
old recommendation was
472-45 Inches?

What’s the right ET?
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1, UNIVERSITY of CALIFORNIA
COOPERATIVE EXTENSION

|l

Fertlgatmh Case study of mtéréctlcm Oft ﬁ
water and nutrient management i?h g
almonds: 2008-2012 . =

Blake Sanden — Irrigation & Agronom' Ke‘rn" _ounty
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Collaborative USDA Specialty Crops and Callfornla Almond Board PrOJect
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Comparison of 3 years of mature almond crop coefficients geneed
from EDDY COVARIANCE heat flux estimates of crop ET divided by
the modified Penman ETo from the Belridge CIMIS station #146 1.5
miles due west of orchard. (2008 ET measured 3/19to 11/11. 2009
and 2010 are full year.)
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o Understandingl& moenitering seil water
MeIAING Characterstics
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Vaclmn created by pressure dlfil“érentlal usually
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W |njection nipple on well casing dribbling
=] Chemicals directly into groundwater.




Califormia Home

Chemigation Intistive

REQUIRED CHEMIGATION SAFETY DEVICES

Equipment Required on the Irmigation
Pipeline

(&) Check Yalve
(B) Low Pressure Drain
(C) AirfvVacuum Relief Valve
Atternative for (&), (B), and (C):
Zooseneck Pipe Loop
(D) Bregsure Switch

Required Power and System
Interlocks

(E) Interlocking System Caontrals

Equipment Required on the Injection
Line

(F) Zolenoid Cperated Valve
Alternatives:
&, 10-psi Check Yalve*
b. Hydraulically Cperated Valve

c. “Yacuum Relief Yalve®

(&) Chemical Injection Pump
Alternative: Venturi Injector
(H) Injection Line Check Valve**

Department of Pesticide Regulation

(B) F l
(A s

"‘-'\.'\-H_\_I!-\. B .. L . _'
%, Ty Ty

¥ - Electnel
I g WO Connections

Chemical ™5, .“}#-‘:(.‘5*"( ;}?H
Injection Line 3, o o
®  <qb
x\

! F Well Pump and

N
b
gl SEie .

Search Contact Us

Well Head

Chmuu:al

Chemigauoen/Backilow Preve'ntlon

LRV, GO PIECEL 0 0V/dOCS/OWWPIC
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Main fertility. trial: KTS

[Direct Injection 4 tlmes/ ezl

Bleom 20%)
April 50%
June 0%

Post Harvest 20%



=ertilizer Treatments or Fertigation/ET Trial

Fertigate 4 times/year. 20% February, 30% April, 30% June, 20% August
A: 125 LB UAN + 125 LB KSOP banded (one application) + 75 LB KTS
B: 200 LB UAN + 125 LB KSOP banded (one application) + 75 LB KTS
C:. 275 LB UAN + 125 LB KSOP banded (one application) + 75 LB KTS
D: 350 LB UAN + 125 LB KSOP banded (one application) + 75 LB KTS

E: 125 LB CAN17 + 125 LB KSOP banded (one application) + 75 LB KTS
F: 200 LB CAN17 + 125 LB KSOP banded (one application) + 75 LB KTS
G: 275 LB CAN17 + 125 LB KSOP banded (one application) + 75 LB KTS
H: 350 LB CAN17 + 125 LB KSOP banded (one application) + 75 LB KTS

I: 275 LB UAN + 60 LB KSOP banded (one application) + 40 LB KTS

J: 275 LB UAN + 180 LB KSOP banded (one application) + 120 LB KTS
K: 275 LB UAN + 200 LB KSOP banded (one application)

L: 275 LB UAN + 200 LB KCL
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Kernal yield and water use not correlated

above 51 inches (1300 mm) ET
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Critica
Ear

Leaf N concentration (%)

Current Practice: Late summer sample. Too late for current season response. Too early

3.6
3.4
3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4

Values are based on July/August sample.
y season CV'’s have not been validated.

L

NF
F1
F2

Nitrogen

April May June July

for next season planning (yield potential is defined by winter and spring weather)
Challenge: Develop early season sampling and interpretation methodologies.
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VARIABLE K RATE KNO3 TRIAL

Treatments A, B, Crecieve 4 "episodic (F)" fertigations over the season @ 20%Feb, 30%
April, 30%June, 20%post harvest. Treatments D, E, F, Gand H are continuous or "spoon-
feed (C)" fertilizer treatments with fertilizer injections every irrigation, with 10%applied
post-harvest. ALL TREATMENTS RECIEVE A TOTAL OF 300 LB/AC NITROGEN.

F300-0 T1: No K, 300 Ibs N as UAN

F300-75KTS

195 SOP T2: 2001b K=125 SOP band + 75 KTS, 300 Ib UAN (Grower Standard)

F300-75KN  T3: 200 Ib K =125 SOP band + 75 KNO3, 273 UAN + 27 KNO3
125 SOP

C300-200S0OP T4: 200 Ib K = SOP dissolved in mix tank, 300 Ib UAN (Manifold 1)
C300-75KN  T5: 200 b K =125 SOP band + 75 KNO3, 273 UAN + 27 KNO3 (Manifold 2)

C300-200KN  T6: 200 Ib K =KNO3, 193 UAN + 107 KNO3 (Manifold 3)

C300-300KN  T7: 300 Ib K=KNO3, 128 N UAN + 172 KNO3 (Manifold 4)

C300-150 KCl
150 KNO3

T8: 300 Ib K =150 KCL + 150 KNQO3, 248 UAN + 52 KNO3 (Manifold 5)
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Conclusions
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