
Almond Drought StrategiesAlmond Drought Strategies

How to best manage limited waterHow to best manage limited water
•• Regulated Deficit Irrigation (RDI)Regulated Deficit Irrigation (RDI)
•• Importance of stress timingImportance of stress timing

The almond production functionThe almond production function
•• Yield Yield vsvs applied waterapplied water

Roles of “stumping;” Roles of “stumping;” antitranspirantsantitranspirants

•• Water supplies from 12 to 36 inchesWater supplies from 12 to 36 inches
Specific drought irrigation schedulesSpecific drought irrigation schedules



Water RelationsWater Relations

Water RequirementsWater Requirements

Irrigation SchedulingIrrigation Scheduling
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Sorghum Production Function; S. Great PlainsSorghum Production Function; S. Great Plains

y = 15.2x - 1844
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Nobel Lecture
“So today, we dumped another 70 
million tons of global-warming 
pollution (CO2) into the thin shell of 
atmosphere surrounding our planet, 
as if it were an open sewer.”

Albert R. Gore
Nobel Prize Acceptance Lecture
Oslo, Norway, 10 December 2007
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“Al Gore’s just an opportunist. The person who is really 
responsible for this overestimate of global warming is Jim 
Hansen. He consistently exaggerates all the dangers.”  Coal, 
he has written, “is the single greatest threat to civilization and 
all life on our planet.” Hansen has referred to railroad cars 
transporting coal as “death trains.”

Freeman Dyson, Eminent Physicist, 2009





E.P.A. Moves Toward Regulating Greenhouse Gases

By Felicity Barringer

Published: March 23, 2009
In February, the E.P.A.’s administrator, Lisa P. Jackson, hinted strongly 
in an interview with The New York Times that the agency would take action 
on the issue before April 2. That date marks the second anniversary of 
a Supreme Court ruling ordering the agency to determine whether 
carbon dioxide and other greenhouse gases qualify as pollutants under 
the Clean Air Act.
The action, known as an endangerment finding, would allow federal 
regulation of motor vehicle emissions of greenhouse gases. If further action
is taken by the E.P.A., it could open the door to regulatory controls over 
power plants, oil refineries, cement plants and other factories that emit 
such gases.



Demonizing CODemonizing CO22

Beneficiaries:Beneficiaries:
1)1) PoliticiansPoliticians
2) Wall StreetWall Street
3) AntiAnti--capitalistscapitalists

4) Environmentalists4) Environmentalists

5) Researchers5) Researchers



Demonizing CODemonizing CO22

Losers:Losers:

1)1) Energy UsersEnergy Users
2) Tax Payers2) Tax Payers



Scheduling ConceptsScheduling Concepts

1)1) Soil/Plant based monitoring.Soil/Plant based monitoring.
2)2) Water budget.Water budget.





Irrigation Scheduling ExampleIrrigation Scheduling Example

Crop:Crop: Almond (mature)Almond (mature)
Location:Location: FirebaughFirebaugh
Tree Spacing:Tree Spacing: 21 x 24 ft (86 trees/ac)21 x 24 ft (86 trees/ac)
Irrigation:Irrigation: MicrosprinklerMicrosprinkler (11 gal/hr)(11 gal/hr)

Two per tree (22 gal/tree/hr)Two per tree (22 gal/tree/hr)
Application Efficiency:Application Efficiency: 90%90%



Water BudgetWater Budget

ETc   ETc   =   =   Kc   Kc   x   x   EToETo
OrchardOrchard
Water Water 
UseUse

= CropCrop
CoefficientCoefficient

x ReferenceReference
CropCrop

Water Water 
UseUse



Reference Crop Water Use (Reference Crop Water Use (EToETo))

1)1) Real time.Real time.
2)2) Long term, historical values.Long term, historical values.





Reference Crop Water Use (Reference Crop Water Use (EToETo))

www.www.cimiscimis.water.ca..water.ca.govgov





Crop Coefficient (Crop Coefficient (KcKc) ) ==

EvapotranspirationEvapotranspiration ((ETcETc))

Reference Crop Water Use (Reference Crop Water Use (EToETo))









Literature and Other Almond Related Crop Coefficients Literature and Other Almond Related Crop Coefficients 

0.690.70Nov
0.900.890.790.80Oct
1.061.020.910.85Sept
1.061.080.960.95Aug
1.061.080.960.95July
0.881.010.920.95June
0.680.920.840.90May
0.480.780.710.75April
0.280.590.600.50March

PeachAlmondDeciduousDeciduous
et al.and PuchFAO 24
Ayers SandenFereresUN



GoldhamerGoldhamer at al. Almond Crop Coefficients (In Development)at al. Almond Crop Coefficients (In Development)

0.20Oct 16-31
0.35Oct 1-15
0.50Sept 16-30
0.67Sept 1-15
0.87Aug 16-31
0.99Aug 1-15
1.12Jul 16-31
1.18Jul 1-15
1.18Jun 16-30
1.18Jun 1-15
1.17May 16-31
1.09May 1-15
0.93Apr 16-30
0.68Apr 1-15
0.43Mar 16-31

(Kc)

Crop 
Coefficient



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

Total
1.7Oct 16-31
2.2Oct 1-15
2.6Sept 16-30
3.1Sept 1-15
3.7Aug 16-31
3.7Aug 1-15
4.2Jul 16-31
4.2Jul 1-15
4.3Jun 16-30
4.2Jun 1-15
4.2May 16-31
3.5May 1-15
2.9Apr 16-30
2.5Apr 1-15
2.3Mar 16-31

(inches)

BiMonthly
ETo



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

Total
0.201.7Oct 16-31
0.352.2Oct 1-15
0.502.6Sept 16-30
0.673.1Sept 1-15
0.873.7Aug 16-31
0.993.7Aug 1-15
1.124.2Jul 16-31
1.184.2Jul 1-15
1.184.3Jun 16-30
1.184.2Jun 1-15
1.174.2May 16-31
1.093.5May 1-15
0.932.9Apr 16-30
0.682.5Apr 1-15
0.432.3Mar 16-31

(Kc)(inches)

Crop 
Coefficient

BiMonthly
ETo



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

45.1Total
0.30.201.7Oct 16-31
0.80.352.2Oct 1-15
1.30.502.6Sept 16-30
2.10.673.1Sept 1-15
3.20.873.7Aug 16-31
3.70.993.7Aug 1-15
4.71.124.2Jul 16-31
4.91.184.2Jul 1-15
5.01.184.3Jun 16-30
5.01.184.2Jun 1-15
4.91.174.2May 16-31
3.91.093.5May 1-15
2.70.932.9Apr 16-30
1.70.682.5Apr 1-15
1.00.432.3Mar 16-31

(inches)(Kc)(inches)

ETc In 
Period

Crop 
Coefficient

BiMonthly
ETo



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

45.1Total
0.020.30.201.7Oct 16-31
0.050.80.352.2Oct 1-15
0.091.30.502.6Sept 16-30
0.142.10.673.1Sept 1-15
0.203.20.873.7Aug 16-31
0.253.70.993.7Aug 1-15
0.294.71.124.2Jul 16-31
0.334.91.184.2Jul 1-15
0.345.01.184.3Jun 16-30
0.335.01.184.2Jun 1-15
0.314.91.174.2May 16-31
0.263.91.093.5May 1-15
0.182.70.932.9Apr 16-30
0.111.70.682.5Apr 1-15
0.061.00.432.3Mar 16-31

(inch/day)(inches)(Kc)(inches)
ETc Daily

ETc In 
Period

Crop 
Coefficient

BiMonthly
ETo



Converting depth to volume unitsConverting depth to volume units
Example for peak demandExample for peak demand

g/tree/d g/tree/d == in/day x (tree spacing) x 0.622in/day x (tree spacing) x 0.622

== 0.34 in/day x (21 x 24 ft) x 0.6220.34 in/day x (21 x 24 ft) x 0.622

== 105 gal/tree/day105 gal/tree/day



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

45.1Total
0.020.30.201.7Oct 16-31
0.050.80.352.2Oct 1-15
0.091.30.502.6Sept 16-30
0.142.10.673.1Sept 1-15
0.203.20.873.7Aug 16-31
0.253.70.993.7Aug 1-15
0.294.71.124.2Jul 16-31
0.334.91.184.2Jul 1-15
0.345.01.184.3Jun 16-30
0.335.01.184.2Jun 1-15
0.314.91.174.2May 16-31
0.263.91.093.5May 1-15
0.182.70.932.9Apr 16-30
0.111.70.682.5Apr 1-15
0.061.00.432.3Mar 16-31

(inch/day)(inches)(Kc)(inches)
ETc Daily

ETc In 
Period

Crop 
Coefficient

BiMonthly
ETo



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

45.1Total
70.020.30.201.7Oct 16-31

160.050.80.352.2Oct 1-15
270.091.30.502.6Sept 16-30
430.142.10.673.1Sept 1-15
620.203.20.873.7Aug 16-31
770.253.70.993.7Aug 1-15
920.294.71.124.2Jul 16-31

1030.334.91.184.2Jul 1-15
1050.345.01.184.3Jun 16-30
1040.335.01.184.2Jun 1-15
960.314.91.174.2May 16-31
810.263.91.093.5May 1-15
560.182.70.932.9Apr 16-30
350.111.70.682.5Apr 1-15
190.061.00.432.3Mar 16-31

(gal/tree/day)(inch/day)(inches)(Kc)(inches)
ETc* Per TreeETc Daily

ETc In 
Period

Crop 
Coefficient

BiMonthly
ETo

* Assumes 21 x 24 ft tree spacing; 86 trees/acre



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

45.1Total
50.020.30.201.7Oct 16-31

120.050.80.352.2Oct 1-15
200.091.30.502.6Sept 16-30
320.142.10.673.1Sept 1-15
470.203.20.873.7Aug 16-31
580.253.70.993.7Aug 1-15
690.294.71.124.2Jul 16-31
770.334.91.184.2Jul 1-15
790.345.01.184.3Jun 16-30
780.335.01.184.2Jun 1-15
720.314.91.174.2May 16-31
600.263.91.093.5May 1-15
420.182.70.932.9Apr 16-30
260.111.70.682.5Apr 1-15
150.061.00.432.3Mar 16-31

(gal/tree/day)(inch/day)(inches)(Kc)(inches)
ETc* Per TreeETc Daily

ETc In 
Period

Crop 
Coefficient

BiMonthly
ETo

* Assumes 18 x 21 ft tree spacing; 115 trees/acre



Gross Applied Water RequiredGross Applied Water Required
Example for peak demandExample for peak demand

EvapotranspirationEvapotranspiration
Application EfficiencyApplication Efficiency

105 gal/tree/day105 gal/tree/day 117 gal/tree/day= 117 gal/tree/day
0.900.90



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

7Oct 16-31
16Oct 1-15
27Sept 16-30
43Sept 1-15
62Aug 16-31
77Aug 1-15
92Jul 16-31

103Jul 1-15
105Jun 16-30
104Jun 1-15

96May 16-31
81May 1-15
56Apr 16-30
35Apr 1-15
19Mar 16-31

(gal/tree/day)
ETc*

Actual

* Assumes 21 x 24 ft tree spacing; 86 trees/acre



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

77Oct 16-31
1816Oct 1-15
3027Sept 16-30
4843Sept 1-15
6962Aug 16-31
8677Aug 1-15

10392Jul 16-31
114103Jul 1-15
117105Jun 16-30
116104Jun 1-15
10796May 16-31

9081May 1-15
6356Apr 16-30
3935Apr 1-15
2219Mar 16-31

(gal/tree/day)(gal/tree/day)
WaterETc*

AppliedActual

* Assumes 21 x 24 ft tree spacing; 86 trees/acre



Irrigation FrequencyIrrigation Frequency
Example for peak demandExample for peak demand

117 gal/tree/day117 gal/tree/day

Gross Application RequiredGross Application Required

528 gal/tree/irrigation528 gal/tree/irrigation

Application Amount per IrrigationApplication Amount per Irrigation

22 gal/tree/hr x 24 hr = 528 gal/tree/22 gal/tree/hr x 24 hr = 528 gal/tree/irrirgationirrirgation

= 4.5 days4.5 days



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

77Oct 16-31
1816Oct 1-15
3027Sept 16-30
4843Sept 1-15
6962Aug 16-31
8677Aug 1-15

10392Jul 16-31
114103Jul 1-15
117105Jun 16-30
116104Jun 1-15
10796May 16-31

9081May 1-15
6356Apr 16-30
3935Apr 1-15
2219Mar 16-31

(gal/tree/day)(gal/tree/day)
WaterETc*

AppliedActual

* Assumes 21 x 24 ft tree spacing; 86 trees/acre



Developing an Irrigation Schedule; FirebaughDeveloping an Irrigation Schedule; Firebaugh

7177Oct 16-31
301816Oct 1-15
183027Sept 16-30
114843Sept 1-15

86962Aug 16-31
68677Aug 1-15
510392Jul 16-31
5114103Jul 1-15
5117105Jun 16-30
5116104Jun 1-15
510796May 16-31
69081May 1-15
86356Apr 16-30

143935Apr 1-15
242219Mar 16-31

(days)(gal/tree/day)(gal/tree/day)
FrequencyWaterETc*
IrrigationAppliedActual

* Assumes 21 x 24 ft tree spacing; 86 trees/acre



19991999--2008 Reference Crop Water Use (2008 Reference Crop Water Use (EToETo))

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

Feb 19 Mar 25 Apr 29 Jun 3 Jul 8 Aug 12 Sep 16 Oct 21 Nov 25

R
e
fe

re
n

c
e
 C

ro
p

 W
a
te

r 
U

s
e
; 

E
T

o
 (

in
c
h

/
d

a
y
) 1999

2000
2001
2002
2003
2004
2005
2006
2007
2008

Firebaugh CIMIS



0.0

0.1

0.2

0.3

0.4

0.5

0.6

Feb 19 Mar 25 Apr 29 Jun 3 Jul 8 Aug 12 Sep 16 Oct 21 Nov 25

C
o

e
ff

ic
ie

n
t 

o
f 

V
a
ri

a
ti

o
n

19991999--2008 2008 EToETo Coefficient of VariationCoefficient of Variation

Firebaugh CIMIS



19991999--2008 Almond 2008 Almond ETcETc; Firebaugh; Firebaugh
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Monitoring water statusMonitoring water status

1)1) By handBy hand
2)2) TensiometersTensiometers
3)3) Electrical resistance/capacitanceElectrical resistance/capacitance
4)4) Neutron probeNeutron probe

SoilSoil

PlantPlant
1)1) Pressure chamberPressure chamber
2) Infrared Thermometers2) Infrared Thermometers













Shortcomings of Soil MonitoringShortcomings of Soil Monitoring

1) Interpretation of the data.1) Interpretation of the data.
2) Accuracy of the data.2) Accuracy of the data.
3) Costs.3) Costs.
4) Only a few measurements per acre 4) Only a few measurements per acre 

possible; can’t adequately possible; can’t adequately 
characterize an entire field.characterize an entire field.



PlantPlant--based monitoringbased monitoring

Pressure Chamber: Gives estimatePressure Chamber: Gives estimate
of plant water status. of plant water status. 
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y = 0.9239x - 0.7069
R2 = 0.7816
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1)1) Manually taken; can’t be automated.Manually taken; can’t be automated.
2) Requires trips to the field and operator.2) Requires trips to the field and operator.
3) Limited time period to take3) Limited time period to take

measurements; noonmeasurements; noon--2:30 pm.2:30 pm.

Shortcomings of the Pressure ChamberShortcomings of the Pressure Chamber

Thus, can’t adequately characterize Thus, can’t adequately characterize 
a field.a field.
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Midday Shaded Pressure Chamber vs.Midday Shaded Pressure Chamber vs.

Maximum Air Temperature; Full IrrigationMaximum Air Temperature; Full Irrigation





Reducing consumptive use scenariosReducing consumptive use scenarios

Adequate Water Supply (Choice)Adequate Water Supply (Choice)
Reduce water costReduce water cost
Be good stewards of the waterBe good stewards of the water

Droughts (No Choice)Droughts (No Choice)

Minimize negative impacts onMinimize negative impacts on
current and subsequent yearscurrent and subsequent years
productionproduction



Regulated DeficitRegulated Deficit Irrigation (RDI)Irrigation (RDI)

PlannedPlanned waterwater deficitsdeficits atat specific specific 
cropcrop developmentaldevelopmental stagesstages that arethat are
stress tolerantstress tolerant withoutwithout negativelynegatively
affectingaffecting prproductionoduction..





Pistachio Nut Growth ProcessesPistachio Nut Growth Processes



Almond Nut Growth ProcessesAlmond Nut Growth Processes



Influence of Influence of PreharvestPreharvest Irrigation CutoffIrrigation Cutoff

Full irrigation until irrigation cutoffs rangingFull irrigation until irrigation cutoffs ranging
from 53 to 4 days prior to shaking infrom 53 to 4 days prior to shaking in
7 day increments7 day increments

Thus, stress only Thus, stress only preharvestpreharvest; full ; full postharvestpostharvest
irrgationirrgation

Total RainfallTotal Rainfall
Yr. 1Yr. 1 3.0 inches3.0 inches
Yr. 2Yr. 2 6.4 inches6.4 inches
Yr. 3Yr. 3 6.9 inches6.9 inches



Influence of Influence of PreharvestPreharvest Irrigation CutoffIrrigation Cutoff

31.53Aug 12
30.611Aug 5

-15.4     c- 5.7     c28.818Jul 29
-18.9   bc-10.5     c27.025Jul 22
-26.5   b-17.3   b- 5.3    c25.232Jul 15
-26.3   b-21.8   b-12.0   b23.439Jul 8
-35.3 a-29.6 a-24.4 a21.646Ju1 1
-40.0 a-28.5 a-25.1 a19.853Jun 25

(bars)(bars)(bars)(inches)(days)
LWPLWPLWPWaterDurationDate

PredawnPredawnPredawnAppliedCutoffCutoff
Jul 27Jul 20Jul 7Preharv.Irrig.



53 day Preharvest cutoff



4 day Preharvest cutoff



Cutoff; 3 Yr Mean; With Cutoff; 3 Yr Mean; With PostharvestPostharvest IrrigationIrrigation

31.54Aug 12

30.611Aug 5

28.818Jul 29

27.025Jul 22

25.232Jul 15

23.439Jul 8

21.646Ju1 1

19.853Jun 25

(inches)(days)
WaterDurationDate

AppliedCutoffCutoff
PreharvestIrrigation



Cutoff; 3 Yr Mean; With Cutoff; 3 Yr Mean; With PostharvestPostharvest IrrigationIrrigation

1.21   bc31.54Aug 12

1.24   b30.611Aug 5

1.13 abc28.818Jul 29

1.15 abc27.025Jul 22

1.18 abc25.232Jul 15

1.13 abc23.439Jul 8

1.11 a  c21.646Ju1 1

1.08 a19.853Jun 25

(g)(inches)(days)
Wt.WaterDurationDate

KernelAppliedCutoffCutoff
DryPreharvestIrrigation



Cutoff; 3 Yr Mean; With Cutoff; 3 Yr Mean; With PostharvestPostharvest IrrigationIrrigation

95301.21   bc31.54Aug 12

83681.24   b30.611Aug 5

83401.13 abc28.818Jul 29

95261.15 abc27.025Jul 22

78721.18 abc25.232Jul 15

86501.13 abc23.439Jul 8

94701.11 a  c21.646Ju1 1

86401.08 a19.853Jun 25

(No./tree)(g)(inches)(days)
LoadWt.WaterDurationDate
Nut KernelAppliedCutoffCutoff

DryPreharvestIrrigation

NSD



Cutoff; 3 Yr Mean; With Cutoff; 3 Yr Mean; With PostharvestPostharvest IrrigationIrrigation

172395301.21   bc31.54Aug 12

157483681.24   b30.611Aug 5

145583401.13 abc28.818Jul 29

168495261.15 abc27.025Jul 22

138878721.18 abc25.232Jul 15

145686501.13 abc23.439Jul 8

155294701.11 a  c21.646Ju1 1

138486401.08 a19.853Jun 25

(lb/ac)(No./tree)(g)(inches)(days)
YieldLoadWt.WaterDurationDate

KernelNut KernelAppliedCutoffCutoff
DryDryPreharvestIrrigation

NSD NSD



Hull Rot



Hull Rot; 3 Yr Mean; With Hull Rot; 3 Yr Mean; With PostharvestPostharvest IrrigationIrrigation

5.00     c31.54Aug 12
4.44     c30.611Aug 5
3.73   bc28.818Jul 29
1.17 ab27.025Jul 22
0.73 a25.232Jul 15
0.32 a23.439Jul 8
0.19 a21.646Jul 1
0.00 a19.853Jun 25
(strikes/tree)(inches)(days)

RotWaterDurationDate
HullAppliedCutoffCutoff

VisualPreharv.Irrig.



Hull Rot; Teviotdale et al.; 1997

Hull Whole
Rot Dead Kernel Shell Hull Unit

Strikes Wood Wt. Wt. Wt. Wt.
(#/tree) (inches/tree) (gms) (gms) (gms) (gms)

Control 297 508 1.19 0.93 4.12 6.24
RDI 49 33 1.14 0.95 4.19 6.28
RDI % Di -84.5 -93.5 -4.2 +2.2 +1.7 +0.6

* * NSD NSD NSD NSD



What is the impact of What is the impact of postharvestpostharvest
irrigation?irrigation?







Divided experiment to test full Divided experiment to test full 
postharvestpostharvest irrigation vs. no irrigation vs. no postarvest postarvest 
irrigationirrigation



Refoliated with full irrigation after harvest

53 day Preharvest cutoff



Second Year Bloom DensitySecond Year Bloom Density
B

lo
om

 D
en

si
ty

 (f
lo

w
er

s/
 6

0 
cm

 sh
oo

t)



Second Year Fruiting DensitySecond Year Fruiting Density
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Tuffs and Morrow; Tuffs and Morrow; HilgardiaHilgardia 1(1):101(1):10

Late July-Early AugFrenchPlum
Late June-Early JulyBartlettPear
Late JulyElbertaPeach
Late June-Early JulyNapoleionCherry (Sweet)
Early AugRoyalApricot 
Mid JuneGravensteinApple
Late Aug-Early SeptNon PareilAlmond
Date of DifferentiationVarietySpecies



PostHarvestPostHarvest Amount StudyAmount Study

Used Control plots that previously had Used Control plots that previously had 
full irrigation for the entire season and full irrigation for the entire season and 
imposed 6 single year imposed 6 single year PostHarvest PostHarvest 
treatments.treatments.



PostHarvestPostHarvest Amounts StudyAmounts Study

7.2Oct 29
4.5Oct 3
3.6Sep 25
2.7Sep 18
1.8Sep 4
0.9Aug 28

(inches)
WaterIrrigation

Applied Harvest
HarvestPost

PostLast



PostHarvestPostHarvest Amounts StudyAmounts Study

22.9     c7.2Oct 29
9.8 a4.5Oct 3

13.6 ab3.6Sep 25
15.5   b2.7Sep 18
18.1   bc1.8Sep 4
13.8 ab0.9Aug 28
(No./60 cm)(inches)

DensityWaterIrrigation
FlowerApplied Harvest
YearHarvestPost
NextPostLast



PostHarvestPostHarvest Amounts StudyAmounts Study

10.0     c22.9     c7.2Oct 29
4.5   b9.8 a4.5Oct 3
4.5   b13.6 ab3.6Sep 25
3.2 ab15.5   b2.7Sep 18
1.5 a18.1   bc1.8Sep 4
1.5 a13.8 ab0.9Aug 28

(No./60 cm)(No./60 cm)(inches)
DensityDensityWaterIrrigation

FruitFlowerApplied Harvest
YearYearHarvestPost
NextNextPostLast



PostHarvestPostHarvest Amounts StudyAmounts Study

43.7     cd10.0     c22.9     c7.2Oct 29
48.8       d4.5   b9.8 a4.5Oct 3
34.2     c4.5   b13.6 ab3.6Sep 25
20.3   b3.2 ab15.5   b2.7Sep 18
7.0 a1.5 a18.1   bc1.8Sep 4

11.5 ab1.5 a13.8 ab0.9Aug 28
(%)(No./60 cm)(No./60 cm)(inches)
SetDensityDensityWaterIrrigation

Fruit SetFruitFlowerApplied Harvest
YearYearYearHarvestPost
NextNextNextPostLast



PostHarvestPostHarvest Amounts StudyAmounts Study

8122     c43.7     cd10.0     c22.9     c7.2Oct 29
7269     c48.8       d4.5   b9.8 a4.5Oct 3
5936   b34.2     c4.5   b13.6 ab3.6Sep 25
5693   b20.3   b3.2 ab15.5   b2.7Sep 18
1920 a7.0 a1.5 a18.1   bc1.8Sep 4
2814 a11.5 ab1.5 a13.8 ab0.9Aug 28
(No./tree)(%)(No./60 cm)(No./60 cm)(inches)

LoadSetDensityDensityWaterIrrigation
NutFruit SetFruitFlowerApplied Harvest
YearYearYearYearHarvestPost
NextNextNextNextPostLast



PostHarvestPostHarvest Amounts StudyAmounts Study

1727       d8122     c43.7     cd10.0     c22.9     c7.2Oct 29
1634     cd7269     c48.8       d4.5   b9.8 a4.5Oct 3
1365   bc5936   b34.2     c4.5   b13.6 ab3.6Sep 25
1285   b5693   b20.3   b3.2 ab15.5   b2.7Sep 18
436 a1920 a7.0 a1.5 a18.1   bc1.8Sep 4
671 a2814 a11.5 ab1.5 a13.8 ab0.9Aug 28

(lb/ac)(No./tree)(%)(No./60 cm)(No./60 cm)(inches)
YieldLoadSetDensityDensityWaterIrrigation

KernelNutFruit SetFruitFlowerApplied Harvest
YearYearYearYearYearHarvestPost
NextNextNextNextNextPostLast



Almond Drought (RDI); Three Supply ScenariosAlmond Drought (RDI); Three Supply Scenarios

22, 28, and 34 inches available for season22, 28, and 34 inches available for season
Each supply amount applied three waysEach supply amount applied three ways

a)a) Bias stress Bias stress preharvestpreharvest (22A, 28A, 34A)(22A, 28A, 34A)
b)b) Bias stress Bias stress postharvestpostharvest (22B, 28B, 34B)(22B, 28B, 34B)
c)c) Stress throughout season (22C, 28C, 34C)Stress throughout season (22C, 28C, 34C)
Fully Irrigated Control

Mature, Non Pareil

Mean Rainfall: 7.4 inchesMean Rainfall: 7.4 inches



22A Non Pareil Late August



22B Non Pareil Late August



22C Non Pareil Late August



28A Non Pareil Late August



28B Non Pareil Late August



28C Non Pareil Late August



Control Non Pareil Late August
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Simulated One Year Drought (Smith)Simulated One Year Drought (Smith)

Assume 16 inches available during seasonAssume 16 inches available during season
4 additional inches applied late winter; 5 inches rain4 additional inches applied late winter; 5 inches rain

1) 100% 1) 100% ETcETc until 16 inches applieduntil 16 inches applied
2) 75% 2) 75% ETcETc until 16 inches applieduntil 16 inches applied
3) 50% 3) 50% ETcETc until 16 inches applieduntil 16 inches applied
4) Fully irrigated Control4) Fully irrigated Control

Drought trees returned to full irrigation the followingDrought trees returned to full irrigation the following
two seasons.two seasons.



One Year Simulated Drought; 16 inches Applied During SeasonOne Year Simulated Drought; 16 inches Applied During Season

1448  ab7000 a1.03   bcAug 2850% ETc
1236   b6340 a1.10   bcJul 1175% ETc
1362   b8160 a0.97   bJun 19100% ETcYear
1653  a7100 a1.24  aSeasonFull IrriDrought

(lbs/ac)(No./tree)(g)thru
YieldLoadWeightAppliedRegimeYear

KernelNutKernelWaterIrrigation



One Year Simulated Drought; 16 inches Applied During SeasonOne Year Simulated Drought; 16 inches Applied During Season

2010    d11690  a0.89   bSeason50% ETc
1493   c8250   c0.99 abSeason75% ETc
911  b4770  b1.03 aSeason100% ETcYear 1

2730 a12850  a1.04 aSeasonFull IrriRecover
1448  ab7000 a1.03   bcAug 2850% ETc
1236   b6340 a1.10   bcJul 1175% ETc
1362   b8160 a0.97   bJun 19100% ETcYear
1653  a7100 a1.24  aSeasonFull IrriDrought

(lbs/ac)(No./tree)(g)thru
YieldLoadWeightAppliedRegimeYear

KernelNutKernelWaterIrrigation



One Year Simulated Drought; 16 inches Applied During SeasonOne Year Simulated Drought; 16 inches Applied During Season

1949   b7050  b1.13   bSeason50% ETc
1975   b7900  b1.02  aSeason75% ETc
2327  a9200 a1.02  aSeason100% ETcYear 2
2358  a9890 a0.97  aSeasonFull IrriRecover
2010    d11690  a0.89   bSeason50% ETc
1493   c8250   c0.99 abSeason75% ETc
911  b4770  b1.03 aSeason100% ETcYear 1

2730 a12850  a1.04 aSeasonFull IrriRecover
1448  ab7000 a1.03   bcAug 2850% ETc
1236   b6340 a1.10   bcJul 1175% ETc
1362   b8160 a0.97   bJun 19100% ETcYear
1653  a7100 a1.24  aSeasonFull IrriDrought

(lbs/ac)(No./tree)(g)thru
YieldLoadWeightAppliedRegimeYear

KernelNutKernelWaterIrrigation



One Year Simulated Drought; 16 inches Applied During SeasonOne Year Simulated Drought; 16 inches Applied During Season

1802   c8581  b1.02 a50% ETc
1568  b7498  b1.04 a75% ETc
1534  b7378  b1.01 a100% ETcMean
2247 a9948 a1.08 aFull Irri3 Year
1949   b7050  b1.13   bSeason50% ETc
1975   b7900  b1.02  aSeason75% ETc
2327  a9200 a1.02  aSeason100% ETcYear 2
2358  a9890 a0.97  aSeasonFull IrriRecover
2010    d11690  a0.89   bSeason50% ETc
1493   c8250   c0.99 abSeason75% ETc
911  b4770  b1.03 aSeason100% ETcYear 1

2730 a12850  a1.04 aSeasonFull IrriRecover
1448  ab7000 a1.03   bcAug 2850% ETc
1236   b6340 a1.10   bcJul 1175% ETc
1362   b8160 a0.97   bJun 19100% ETcYear
1653  a7100 a1.24  aSeasonFull IrriDrought

(lbs/ac)(No./tree)(g)thru
YieldLoadWeightAppliedRegimeYear

KernelNutKernelWaterIrrigation



Almond Production Function DevelopmentAlmond Production Function Development
Identification of optimal Crop CoefficientIdentification of optimal Crop Coefficient

10 irrigation regimes that applied from 38 to10 irrigation regimes that applied from 38 to
54 inches in about 1.5 inch increments.  All 54 inches in about 1.5 inch increments.  All 
stress imposed stress imposed preharvest

*
preharvest

MicrosprinklerMicrosprinkler irrigation* irrigation

Mature Non Mature Non PareilPareil; 8 replications of each ; 8 replications of each 
treatment; Lost Hills; 4 yr durationtreatment; Lost Hills; 4 yr duration

*
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y = 56.5x + 612
R2 = 0.982

y = 81.7x - 653

2500

2600

2700

2800

2900

3000

3100

3200

3300

3400

3500

3600

38 40 42 44 46 48 50 52 54

Applied Water (inches)

K
e
rn

e
l 
Y

ie
ld

 @
5

%
 H

2
O

 (
lb

/
a
c)

Straight Line Thru 8 inches

Kernel Yield; 5% H2O; 4 Yr. MeanKernel Yield; 5% H2O; 4 Yr. Mean



y = 0.826x + 18.0
R2 = 0.982

y = 1.19x - 19.2
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AlmondsAustraliaAlmondsAustralia; Yield vs. Applied Water; Yield vs. Applied Water

19.7 39.4 59.1 78.8Inches
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4500

5400 lb/ac



Suggested Drought StrategiesSuggested Drought Strategies

Crop:Crop: Almond (mature)Almond (mature)
Location:Location: FirebaughFirebaugh
Tree Spacing:Tree Spacing: 21 x 24 ft (86 trees/ac)21 x 24 ft (86 trees/ac)
Irrigation:Irrigation: MicrosprinklerMicrosprinkler (11 gal/hr)(11 gal/hr)

Two per tree (22 gal/tree/hr)Two per tree (22 gal/tree/hr)
1.7 inches/24 hr irrigation1.7 inches/24 hr irrigation

Application Efficiency:Application Efficiency: 90%90%



24.229.536.345.1Total (inch)
0.000.000.000.3Oct 16-31
0.4500.6750.81000.8Oct 1-15
0.6501.0751.31001.3Sep 16-30
1.6751.6752.11002.1Sep 1-15
2.4752.4753.21003.2Aug 16-31
3.71003.71003.71003.7Aug 1-15
4.71004.71004.71004.7Jul 16-31
1.5302.5502.5504.9Jul 1-15
1.5302.5503.8755.0Jun 16-30
1.5302.5503.7755.0Jun 1-15
1.5302.4503.7754.9May 16-31
1.2301.9502.9753.9May 1-15
1.9701.9702.0752.7Apr 16-30
1.2701.2701.3751.7Apr 1-15
0.7700.7700.7751.0Mar 16-31

(inch)(%)(inch)(%)(inch)(%)(inch)
AmountRateAmountRateAmountRatePeriod
AppliedIrri.AppliedIrri.AppliedIrri.ETc in

FirebaughFirebaugh 36 inch Case 30 inch Case 24 inch Case



11.817.845.1Total (inch)
0.000.000.3Oct 16-31
0.000.2250.8Oct 1-15
0.3250.3251.3Sep 16-30
0.5250.5252.1Sep 1-15
1.6502.4753.2Aug 16-31
0.9252.8753.7Aug 1-15
1.2253.5754.7Jul 16-31
1.2251.2254.9Jul 1-15
1.3251.3255.0Jun 16-30
1.2251.2255.0Jun 1-15
1.2251.2254.9May 16-31
1.0251.0253.9May 1-15
0.7251.1402.7Apr 16-30
0.4250.7401.7Apr 1-15
0.2250.4401.0Mar 16-31

(inch)(%)(inch)(%)(inch)
AmountRateAmountRatePeriod
AppliedIrri.AppliedIrri.ETc in

18 inch Case 12 inch CaseFirebaughFirebaugh



Irrigations per SeasonIrrigations per Season

Seasonal Seasonal ETcETc: 45.1 inches: 45.1 inches

Determine Gross IrrigationDetermine Gross Irrigation

45.1 inches45.1 inches
0.900.90

= 50.1 inches50.1 inches

Determine Irrigation NumberDetermine Irrigation Number

50.1 inches50.1 inches
1.7 inches/24 hr 1.7 inches/24 hr irrigirrig..

= 30 irrigations30 irrigations



Adjust Irrigation Frequency; Not DurationAdjust Irrigation Frequency; Not Duration

Assume you have 28 normal irrigationsAssume you have 28 normal irrigations

If you have 75% of normal water:If you have 75% of normal water:

= 14 irrigations14 irrigations

28 irrigations x 0.7528 irrigations x 0.75 21 irrigations21 irrigations=

If you have 50% of normal water:If you have 50% of normal water:

28 irrigations x 0.5028 irrigations x 0.50



Almond Drought Strategies SummaryAlmond Drought Strategies Summary

Recognize the differences in stressRecognize the differences in stress
sensitivities and time irrigations accordingly.sensitivities and time irrigations accordingly.**

Reproductive bud differentiation occursReproductive bud differentiation occurs
very late; Augvery late; Aug--Sept., and is stressSept., and is stress--sensitive.

** sensitive.

Fruit size is less sensitive to stress thanFruit size is less sensitive to stress than
following season’s fruit load.following season’s fruit load.**

With limited water supplies; don’t be afraidWith limited water supplies; don’t be afraid
of partial of partial preharvestpreharvest defoliation.

** defoliation.



Should I use poor
quality water in a
pinch?





Is “stumping” (dehorning) an appropriate almond drought strategy?



Severe Pruning Study; Tree SurvivalSevere Pruning Study; Tree Survival

Mature, Non Pareil
a)a) SevereSevere
b)b) ModerateModerate
c)c) None (Control)

Pruning Treatments:

None (Control)
Irrigation Treatments:

a) Nonea) None
b) Mid Jul; 2.9 inchesb) Mid Jul; 2.9 inches
c) Mid Jul and Late Aug; 2.9 inches eachc) Mid Jul and Late Aug; 2.9 inches each

Rainfall: 12.1 inchesRainfall: 12.1 inches



Severe



Moderate



Pruning Impact on Predawn LWP; No IrrigationPruning Impact on Predawn LWP; No Irrigation
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Pruning Impact on Predawn LWP; July IrrigationPruning Impact on Predawn LWP; July Irrigation
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Pruning Impact on Predawn LWP; July, Aug IrrigationPruning Impact on Predawn LWP; July, Aug Irrigation
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Stumping SummaryStumping Summary

•• 12 inches of stored winter rainfall; no 12 inches of stored winter rainfall; no 
tree death.tree death.

•• Minimized stress; magnitude in relationMinimized stress; magnitude in relation
pruning severity.pruning severity.

•• Created “super” leaves; extremely rapid Created “super” leaves; extremely rapid 
growth even without irrigation.growth even without irrigation.

1.5 million acres of almonds in Spain; 1.5 million acres of almonds in Spain; 
most most drylanddryland. . 



Are antitranspirants an appropriate drought strategy for almond?



AntiTranspirantAntiTranspirant ExperimentExperiment

May, June, July, Aug, Sept Applications;May, June, July, Aug, Sept Applications;
1 gal/105 gal water; Non 1 gal/105 gal water; Non PareilPareil, Carmel

*
, Carmel

Three Irrigation RegimesThree Irrigation Regimes
a)a) NoneNone
b)b) Early Jun; 4 inchesEarly Jun; 4 inches
c)c) Mid Jul; 2.9 inchesMid Jul; 2.9 inches
d)d) Mid Jul and Late Aug; 2.9 inches eachMid Jul and Late Aug; 2.9 inches each

*

Rainfall: 12 inchesRainfall: 12 inches



Impact of Impact of AntiTranspirantAntiTranspirant on Predawn LWPon Predawn LWP
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Impact of Impact of AntiTranspirantAntiTranspirant; Mid July; Late Aug Irrigation; Mid July; Late Aug Irrigation
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Why does mild stress
reduce fruit size?



Dry Whole Nut Weight vs Time



Dry Hull+Shell Weight vs Time



Dry Kernel Weight vs Time



Dry Kernel Weight vs Hull Split Rate
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