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Approaches to water management:

sSTLEVERSBWILICEH)

e unnversity nas the answers — just tell
Me oW muchiwarter: to) USe:

s DOUBANNGHIEHOMAS

NoeLOGY, canifigure out oW much Water
these triees need.

oI SEICH=INIALESMAIN

My Tieldis unique and oniy: ITknoew: the
FIgNG amount ofdwater: for this;orchard.
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What’s the critical process
— that keeps the crop growing?

s(@ptimal
PIOLOSYNTAESIS

o \apamum
carbkon dioxace
Liptake
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4CO, ASSIMILATION
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Observation:
some orchards
VISIbly stress a
defoliate just
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Water Use in the Orchard

evapotranspiration =
transpiration + evaporation

N

 Transpiration — ’tranﬁpiratinn A

needed for plant V U N

growth

 Evaporation —Due to
environmental
conditions

e Runoff/ Deep
percolation — Due to
over-application

groundwater
recharge




Creatingthe erieientfielavateroalance =
QUIRSENIMEISIUNEICRECKING aCCoURT!

The Water Budget Method of Irrigation

ET Lossto the
bHow big is the cup (soil AWHC, rootzone)? | #tmeiphere

rHow thirsty is the crop (ET)? 4
rHow often/much do you fill the cup
(irrigation system application depth)? : By

‘i ! inches /day

| 0.25
. 0.25
0.30

Bllowable .30
S il Depletion e

0.35
Available L e

0.35
0.30

2.10

Waler

IRRIGATE l. When? After 7 days
2. How much?-- Apply 2.10 inches of waoter + losses
{Efficiency consideration)




How do we calculate water use to
plan irrigation schedules?

Evapo-transpiration of the reference
crop (non-stressed tall grass)

|
’ETC = ETo x Kc

Evapo-transpiration of the Crop Coefficie}— ratio of

Known, Variable

Crop of Interest water need of crop v/s water
(pistachios) need of grass
Unknown Known, Fixed

Absolutely?



Pistachio Kc’s, ET for the San Joaquin Valley (Goldhamer, 1992)

Stage 1 Bloom Apr 1-15 0.07 2.36 0.17
Leafout Apr 16-30 0.43 2.36 1.10

Shell Expansion May 1-15 0.68 3.19 2.17

Stage 2 Shell Hardening May 16-31 0.93 3.40 3.16
41.2 inches total for June 1-15 1.09 3.84 4.19
SanJoaquin Valley  June 1630 117 384 " 4.49

Stage 3 Nut Fill July 1-15 1.19 4.13 4.92
July 16-31 1.19 4.41 5.25

Nut Fill/Shell Split Aug 1-15 1.19 3.54 4.21

Shell Split Aug 16-31 1.12 3.78 4.23

Hull Slip Sept 1-15 0.99 2.66 2.63

Harvest Harvest Sept 16-30 0.87 2.66 2.31
Post-Harvest  Postharvest Oct 1-15 0.67 1.71 1.15
Oct 16-31 0.50 1.83 0.91

Nov 1-15 0.35 0.80 0.28



BI=WeEE KN RPISTACIoe and Rasture
Grass Ede (ClIMIS) Compared

—e—Normal Year Biweekly Pistachio Water Use

Grass ETo /

—a— Mature Pistachio
(>65% cover)
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From 1968 to 1990 detailed records
of Class A pan evaporation were
recorded 1n dozens of locations
around the SJV.

Using ETo = 0.85 Evaporation

a 20 year average ETo of
49.3 Inches was published by CA

i =

Dept of Water Resources




How do we figure out ETo? Access California
Irrigation Management Information System

CoQ10 Dosage - Here's The,, 0 CIMIS - [ Daily ETa Yariance 1 =\ % DaFIS Web Site WX/ Evapotranspiration - Wikip.., o
<« C M O wwwdmis.water.ca.gov/cimis/frontDalyEToReport.do i
%= Computer crash - com... [ Tréce, Inc.,—Insect ... & 7-Diay Forecast for La. .. @ Treevine Consulting . AMR Universal Login - [ ) EXECSUM - Water Science Daily: Mews &. .. [ other bookmarks

~|

= CALIFORNIA THE ©OLDEN STATE i’;ﬁgﬁ:‘: Gﬁouz:f;:

CALIFORNIA IRRIGATION MANAGEMENT INFORMATION S'
DEP) ENT OF WATER RESO!

'ARTM
OFFICE OF WATER USE EFFI

RESOURCE SPA

Daily ETo Yariance

Welcome Back Dawid

Log Off

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

Daily

Daily ETo Wariance |

Manthly Hote: Multiple selections can be made by holding dosvwn the "Cirel" ar "Shift" keys while making selections.

Monthly Awverage ETo Stations

Quality Control Select a station(s) from the following categories. By default, only the checkbox for Active Stations is checked. Click

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

Current Flag Surmmary

Current Hourly Flags Plaase selact:

Current Daily Flags Active Stations

Former Flag Surmmary

Former Hourly Flags

Former Daily Flags

D Inactive Stations
I:l Stations by Region
D Stations by County

More Info [ stations by Zip Code
Station List . - .
o 2 - FivePoints, Since Junf1982 -~
e 5 - Shafter/USDA, Since Jun/1952 [E]
. B - Davis, Since Jul1932

Station List 7 - Firebaugh/Telles, Since Sep/1952

8 - Gerber, Since Sep/1982

12 - Durham, Since Octf1932

13 - Camino, Since OctM982

15 - Stratford, Since CctM1582 hd
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Why did “normal year” ETo increase from 1993-1999°

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

accurate?

5 50 ——1993 DWR Evap Pan ETo: 49.3in
_ —=-1999 CIMIS ETo: 57.91n
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NORMAL YEAR WATER USE (ET) FOR PISTACHIOS IN THE SOUTHERN SAN JOAQUIN VALLEY
(Most recent published CIMIS "normal year™ ETo for the SSJV. Table by Sanden, 2002)

Normal 1Crop 2Drip Drip Drip Mature
Year Coef- Year4 Year5 Year6 Year 9
Week Grass ficients Drip Drip Drip & FJ & FJ & FJ (>65%
Ending ETo Kc Yearl Year2 Year3 VYearl Year3 VYear5 Year7 Year8 cover)
Adjustment Facto 0.10 0.20 0.30 0.40 0.52 0.65 0.78 0.90 1.00
1/15( 0.54 . .
2/1| 0.70 GOOGLE: cekern Pistachio ET
2/15| 0.98
31| 1.26 to download weekly schedule
3/15| 1.64
4/1| 2.08 0.05 0.01 0.02 0.03 0.04 0.05 0.07 0.08 0.09 0.10
4/15( 2.55 0.07 0.02 0.04 0.05 0.07 0.09 0.12 0.14 0.16 0.18
5/1( 3.15 0.43 0.14 0.27 0.41 0.54 0.70 0.88 1.06 1.22 1.35
5/15| 3.50 0.68 0.24 0.48 0.71 0.95 1.24 1.55 1.86 2.14 2.38
6/1( 3.79 0.93 0.35 0.70 1.06 1.41 1.83 2.29 2.75 3.17 3.52
6/15| 4.00 1.09 0.44 0.87 1.31 1.74 2.27 2.83 3.40 3.92 4.36
7/1 4.25 1.17 0.50 0.99 1.49 1.99 2.59 3.23 3.88 4.48 4.97
7/15| 4.35 1.19 0.52 1.04 1.55 2.07 2.69 3.36 4.04 4.66 5.18
8/1| 4.33 1.19 0.52 1.03 1.55 2.06 2.68 3.35 4.02 4.64 5.15
8/15| 4.11 1.19 0.49 0.98 1.47 1.96 2.54 3.18 3.81 4.40 4.89
9/1( 3.64 1.12 0.41 0.82 1.22 1.63 2.12 2.65 3.18 3.67 4.08
9/15| 3.10 0.99 0.31 0.61 0.92 1.23 1.60 1.99 2.39 2.76 3.07
10/1| 2.70 0.87 0.23 0.47 0.70 0.94 1.22 1.53 1.83 2.11 2.35
10/15| 2.20 0.67 0.15 0.29 0.44 0.59 0.77 0.96 1.15 1.33 1.47
11/ 1.73 0.50 0.09 0.17 0.26 0.35 0.45 0.56 0.68 0.78 0.87
11/15| 1.20 0.35 0.04 0.08 0.13 0.17 0.22 0.27 0.33 0.38 0.42
12/1| 0.88
12/15 0.70 3.1 inches > than older Goldhamer total
12/31] 0.52 j
Total 57.90 4.43 8.87 13.30 17.74 23.06 2883 3459 3991 44.35

1 No weeds, bare middles. Goldhamer crop coefficients.
2 FJ stands for Fanjet or any microsprinkler spraying a 10 to 15 foot diameter. Higher evaporative losses from this
system create a first year water demand equal to a 4th leaf orchard on drip.




BI=WeEE KN RPISTACIoe and Rasture
Grass Ede (ClIMIS) Compared

—e—Normal Year Biweekly Pistachio Water Use

Grass ETo /

—a— Mature Pistachio
(>65% cover)
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Observation: We still have some things to
learn about crop ET...
Kern County Almond Yield 1980-2006

—a—Bearing (1000 acres) =#==Gross Revenue ($100/ac) =—#==Meat Yield (Ib/ac)
12U Cultural Yield
Years Practice (Ib/ac)
| 1980-86 Short Prune 1371
1987-01 Long Prune 1569
200206 More Water& N 2276
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——0lder UC Published Ko
—o—Sanden S5JV Ke (released 2002)
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Bi-weekly Almond Crop Coefficient (Ke)
=
pa

(Usging CIMIS Zone 15 "Historic Eto™ = 57.9 in)
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Individual trees
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Single Tree Yearly ET by Soil Water Depletion (in)




Sorhave the recommencded e crop
COETTICIENTS (KC) Tor pIStacle CRanged?

o Not at this time.

s Reality: afewTielas have useadiVIORE Waler;
[ennadicatedipy the Galdnamer ke Values;

or Realitys mest preduchentfields are inigatediat
|esS tiiantGeldRamerike Valtes, HiS research
SEWEGneVIEIANGSs usIng 15% Iessiwaler:

s Reality: reguilated deficitigatien (RIDI)dunng
sielliardening saves Waler; may Increase splits.

s Realityz InCreased esmenc resistance i saline
SIS andurigaenWaler=GeCreases =ik
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g pistachio
8 1.00 |
5 ET
S 0.95 - o
“" production
-
» 0.90 - function
2 (D. Goldhamer,
n
£085 2008)
o /| Kettleman City, Atl., '89-'92
.D. 0.80 - Y/ 7—/— - - -|0 Madera, Atl., '92-'95 | - - - - - - - -
% P 7/ A Lost Hills, Atl., '93-96
< / X McFarland, Atl., '93-'96

0751 7 X Madera, PG1, '04-'07 |- -~~~ -~

/
e
0.70 ‘ ‘ ‘ ‘ ‘ ‘ ity of California

0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.05 1d Natural Resources

Evapotranspiration (% of Control)



Regulated Deficit Irrigation (RDI)

RIanNENWaLERE ENCIISTaliSPECIHIC
CTOPICEVEIGPMEntalfStagESTH AL
CONMEINEGERLIVENG eWIINWITHGULT
RNEQatVEIVAaTECHNONRICHE UCTTON®

Gozll:  Solve noriiculiural oroolems:
Reclues waisr use:
Achnisve nigner farm orofes




Timing of Pistachio Nut Development

Stage 1 Stage 2 Stage 3
> >

(Dave Goldhamer,
Pistachio

U
o

o
N

Production O
Manual 2008) 25 \ 3
= 20 E

[0

E 15 b T

N . 06 3

a/" Kernelwt ¢ A

5 & 04 %

. o

3

D

15 30 15 31 15 30 15 31 15 31
APRIL MAY JUNE JULY AUG



Stage 2 RIDINrRgaenisSCRedule o! Goldnamer, 2008)

Refer- Normal
Growth ence ETo ETc RDI RDIETc
Stage Phenology Period (inches) Kc (inches) Level (%) (inches)
Bloom Apr 1-15 2.36 0.07 0.17 100 0.17
Stage 1 |Leafout Apr 16-30 2.36 0.43 1.01 100 1.01
Shell Expansion May 1-15 3.19 0.68 2.17 100 2.17

Shell Hardening May 16-31 3.4 0.93 3.16 50 1.58
Shell Hardening 1-15 3.84 1.09 4.19 50 2.09
Shell Hardening 16-30 3.84 1.17 4.49 50 2.25

Nut Filling 1-15 4.13 1.19 4.92 4.92
Nut Filling 16-31 4.41 1.19 5.25 5.25
Nuf Fill/Shell
Split

Shell Splitting 16-31 3.78 1.12 4.23 4.23
Hull Slip 1-15 2.66 0.99 2.63 2.63

1-15 3.54 1.19 4.21 4.21

Harvest 16-30 2.66 0.87 2.31 0.58

Post- |Postharvest 1-15 1.71 0.67 1.15 0.29
harvest |Postharvest 16-31 1.83 0.5 0.91 0.23
Postharvest 1-15 0.8 0.35 0.28 0.07

Totals 41.1 31.7
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STUDY SITE —= NW KERN COUNTY (Aerial 9/19/02)
40 acre pistachio orchard planted 1989
Soil:  calcareous Twisselman silty clay
Spacing:  5.2x6.1m (17 x 20 feet)

Irrigation:  One 55 Iph (14.5 gph) microsprinkler/tree

PP AP AR SRR RN 2T
s e

f"r“‘"** . centered between trees with 12 static jets @

FR e ...;, -360° and a wetted diameter of 4.3m (14 feet).

tfx ,.‘;,.H-s- « Established with CA Aqueduct water.
A

'L‘:?.:?-'; K - IS = v — =
FET e Sallnlty trlal initiated April 1994,
,“w;_(".-.""f" :

terminated November 2002.
(‘Trial size =12 trees x 20___[0 oY
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ET totals from 1994-2002 original pistachio salt tolerance trial for the San Joaquin Valley
showing higher total soil moisture and lower total ET due to increasing osmotic stress.

Total Water Content to 1.83 m {mm)

1200

—— 0.7dS/m: 1448 mm |[57.0in
—.— 4dS/m: 1308 mm |[51.5in

8dS/m: 1080 mm |42.5in
12dS/m: 794 mm |[31.2in

3/23

4/6 4/20 5/4 5/18 6/1 6/15 6/29 7/13 7/27 8/10 8/24 9/7 9/21 10/5 10/19 11/2 11/16 11/30

700

600

500

400

300 -

200

—— 0.7dS/m —m— 4 dS/m 8 dS/m

12 dS/m

Total soil water content over 2002 season as
determined by neutron backscatter

Field Capacity (31%)

L ]

W||t|ngPo|nt(10%)

100
3/23

416 4720

5/4 518 611 6M5 6/29 713 7/27 8M0 8/24 9/7 9/21

10/5 10/19 11/2 11/16 11/30




Cotton Relative Yield =100 - 5.2(ECe - 7.7)

—A— Alfalfa
—o— Almond

Current | e pretani
Salimity
thresholds
'fo) ¢

00
@)

Relative Yield (%)

a

Pistachio Relative Yield (%)
- . . =100 - 8.4(EC.-9.4
PIStACI0S .\ S

N

O 2 4 6 8 10 12 14 16 18 20
Soil Saturation Extract EC (dS/m)




. g in  general

. fhl 7 - : /- f-_l"
&1l ' Y ,

3*“1”““ hat 'HS'*' Jlera,n"r r*i:)e 1as res |t_.ed |
lanted to fields wl';r,

| SEVEIrE sa,lr rfJer.ﬂ's

ne to water 10gging or Sodiclit ity rlﬁJ l.)JJ.l' 3011

5 S "‘-‘w}ﬂ h Q‘:Hl

—————
N e | | T i e

350 L T L T SRR



Pistachio acreage has more than doubled in last 10 years

Changes in San Joaquin Valley
Cotton and Pistachio Plantings Over
the Last 33 Years
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WE NOW HAVE MORE
LAND THEN FRESH CANAL
WATER IN THE San Joaquin

Valley --WHAT ABOUT

DEVELOPING NEW
PISTACHIO PLANTINGS
USING SALINE
GROUNDWATER?
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Marginal burn
Was seen on most
leaves
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2010-14 Yield Decline by Rootzone Salinity

9000 Salt Tolerance Curve
(Sanden, 2004) |YCB =-96.129x +6744.8
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2014-15 Large-Scale Utilization of Saline Groundwater for
Development and Irrigation of Pistachios — Defining a
‘Real World” Salt Tolerance Curve for San Joaquin Valley
Pistachios (expanded survey. of 10 fields, western Kern)
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2014-15 Biennial Yield Decline by Rootzone
Salinity to 5 Feet (as sampled on 8/6/14
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New for 2015

Rootzone
ECe 2.3dS/m ..
Mid-valley Hanfo rd

Updating pistachio
Kc values for non-
saline to marginally
saline soils—
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Comparison of various weekly ET calcu-

lations for 2009-2010 (Surround trial)
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TRUNK GROWTH 70% IRRIGATION - 2459 microns
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— 16893 -DE1

UC Almond Production Function Trial 2015

- oy

Trunk diameter of 100%
grew 0.35 inch from 4/6 to
10/5/2015

70% grew 0.19 inch.
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Inspecting trees and
neutron probe sites
with the Chief
Pistachio Nut of Kern
County UC Extension —
Craig Kallsen 5/15/09
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SO|I mmsture monltorlng
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Weekly “Checkbook” Irrigation Scheduling Using Excel

(GOOGLE: cekern irrigation http://cekern.ucdavis.edu/Irrigation Management,
click SSJV IRRIGATION CHECKBOOK SCHEDULER)

Field (no.) PISTACHIO  44.3INCHES "NORMAL YEAR" ET

Total DESIGN WET TOTAL

FELD REALL ROOTING ROW NORMAL WETTED Avail@ AREA/ FLOW  AREA AREA

VIGOR CAPACI POINT DEPTH SPAC- IRRIG. RUNTIME VOLUME 100% TREE (gph/ APPLIC NUMBER APPLIC

FACTOR| SOILTYPE  TY(infit). (infft). (ft): ING:  SYSTEM: (hrs): (%): (in):  (sqft): tree).  (in): of SETS: (in):
Milham/ 18 X 4,1

10009%p|Panoche sandy | 2.6 0.9 6 , gph 24 35% | 10.2 | 396 6 1.67 1 0.58
clay loam 22 drips

Week Ending: AT 4114 421 4/28 55 512 519 526 6/2 6/9 6/16 6/23 6/30 TOTALET

"Normal Y""ET: 008 026 042 074 095 116 139 161 18 200 218 225 225 17.16

Block ET (infweek): 008 026 042 074 095 116 139 161 185 200 218 225 225

Run Time to Refill for TOTAL Irrig
Week (hrs): 34 108 174 306 393 479 570 661 759 824 897 928 9238 (in)
Actual Run (hrs): 24 24 24 24 48 72 72 72 9% 96 96 15.75

Cumulative Deficit or
Surplus (hrs): 34 -143 3.7 -29 -226 -465 -67.8 -455 -406 -51.1 -525 -49.2 -555

Estimated Soil Moisture Soil Moisture
Depletion or Excess (in):  -0.24 -0.99 026 -020 -157 -323 -471 -316 -282 -355 -364 -3.42 -3.85Depletion (in)

ES“mated(f/O” M_Tisgluf;? 98% 90% 103% 98% 85%  68% 54% 69% T72% 65% 64% 66% 62%  -3.85
bavallaple).

Actual Soil Moisture

. _ 98% 95% 60% 65% 75% 60% 60%
(% available):



http://cekern.ucdavis.edu/Irrigation_Management

Pistachio Irrigation Conclusions

Pistachio trees are extremely drought tolerant.

% splits and individual nut weight are the most sensitive to
stress.

Depending on soil type, salinity, irrigation system and
management mature pistachios can use 30 to 50 inches of
water over the season. Real time soil moisture/plant stress
monitoring over the season is essential to maximize
yield/efficiency and minimize disease.

During mid May thru early July and postharvest pistachios
are most tolerant of stress: potentially allowing for full
yield with only 85% of full ET. Successful RDI programs
require full winter recharge of soil profile and
understanding of soil water holding capacity and salinity.

Keep rootzone salinity < 6 dS/m EC if possible.
C E. Agriculture and Natural Resources

HEALTHY FOOD SYSTEMS HEALTHY ENVIRONMENTS HEALTHY COMMUNITIES
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