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Drought StrategiesDrought Strategies

Irrigation SchedulingIrrigation Scheduling
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Traditional Approaches For 
Reducing Agricultural Water Use

1. Changing irrigation systems.1. Changing irrigation systems.

2. Improving management.2. Improving management.



Irrigation Water Irrigation Water 
SupplySupply
Area 1Area 1

EvapotranspirationEvapotranspiration (ET)(ET)

RunoffRunoff

IrrigationIrrigation
ReturnReturn
FlowsFlows

Deep Deep 
PercolationPercolation

Irrigation WaterIrrigation Water
SupplySupply
Area 2Area 2

Reducing Losses = Reducing Losses = ““SavingSaving”” WaterWater



Reducing Agricultural Water Use

Reducing consumptive use; Reducing consumptive use; 
evapotranspirationevapotranspiration ((ETcETc))

Non-Traditional Approach For 
Reducing Agricultural Water Use



Adequate Water Supply (Choice)Adequate Water Supply (Choice)

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

Reducing consumptive use scenariosReducing consumptive use scenarios

Reduce water costReduce water cost
Be good stewards of the waterBe good stewards of the water

Droughts (No Choice)Droughts (No Choice)



RegulatedRegulated DeficitDeficit IrrigationIrrigation (RDI)(RDI)

PlannedPlanned waterwater deficitsdeficits atat specificspecific
cropcrop developmentaldevelopmental stagesstages thatthat
control control vegetativevegetative growthgrowth withoutwithout
negativelynegatively affectingaffecting prproductionoduction..

SolveSolve horticultural problemshorticultural problems;;
Reduce water use;Reduce water use;
AchieveAchieve higherhigher farmfarm profitsprofits..

GoalsGoals::





Pistachio Nut Growth ProcessesPistachio Nut Growth Processes



Almond Nut Growth ProcessesAlmond Nut Growth Processes
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Pistachio Growth StagesPistachio Growth Stages



Nut Component Dry Weights with TimeNut Component Dry Weights with Time

July Aug Sept











•• KettlemanKettleman City, City, AtlanticaAtlantica, , ’’8989--’’9292
•• Madera, Madera, AtlanticaAtlantica, , ’’9292--’’9595
•• McFarland, McFarland, AtlanticaAtlantica, , ’’9393--’’9696
•• Lost Hills, Lost Hills, AtlanticaAtlantica, , ’’9393--’’9696
•• Parlier, Parlier, AtlanticaAtlantica, , ’’0303--’’0606
•• Parlier, PG1, Parlier, PG1, ’’0303--’’0606
•• Madera, PG1, Madera, PG1, ’’0404--CurrentCurrent

Pistachio RDI Experiments in SSJVPistachio RDI Experiments in SSJV



3408     c2848     cd88.8   bc1146079.5   bc22.5 ab1.32     cControl
3317   bc2880     cd89.5   bc1087081.7     cd21.2 ab1.30   bc

50% Stage 2; 
25% PH

3162   bc2632   bcd88.8   bc1141078.8   bc22.8 abc1.30   bc0% Postharvest
2266 a1064 a72.6 a1119043.6 a27.6     c1.18 a0% Stage 3
2946   bc2350   bc91.4   bc1088073.6   b22.0 ab1.29   bc0% Stage 2
3261   bc2968       d85.5   bc1225087.8       d21.5 ab1.24   b*0% Stage 1

(lbs/ac)(lbs/ac)nuts)(No/tree)nuts)load)(g/nut)Treatment
(% Split(% filled(% nut

HarvestHarvestNutsLoadSplittingNutsWt.
5% H2O5% H2Oof SplitNutShellAbortedNut 

FilledSplitsRemovalTotalandSplit
YieldYieldBlanks

Kettleman Mean (1991-92) Yield and Components

* Values followed by the same letter are not statistically different at p=0.05.

NSDNSD



1230 ab1028 ab3408     c2848     cdControl
1540       de1337     c3317   bc2880     cd

50% Stage 2; 
25% PH

1201 a999 ab3162   bc2632   bcd0% Postharvest
1737         e816 a2266 a1064 a0% Stage 3
1449   bcd1156   bc2946   bc2350   bc0% Stage 2
1268 abc1155   bc3261   bc2968       d0% Stage 1

(lb/AF)(lb/AF)(lbs/ac)(lbs/ac)Treatment
FilledSplitsHarvestHarvest

ProductivityProductivity5% H2O5% H2O
WaterWaterFilledSplits

IrrigationIrrigationYieldYield

Kettleman Mean (1991-92) Water Productivity

* Values followed by the same letter are not statistically different at p=0.05.







Can we use Stage 1 stress to Can we use Stage 1 stress to 
improve shell splitting?improve shell splitting?



RDI Regimes EvaluatedRDI Regimes Evaluated

**

**

**

T1   Stage 1 stress followed by full T1   Stage 1 stress followed by full 
irrigation.irrigation.

T2   Stage 1 stress followed by 50% T2   Stage 1 stress followed by 50% 
of potential of potential ETcETc during Stage 2.during Stage 2.

Control   Fully irrigated for season.Control   Fully irrigated for season.





Fully Irrigated; July 9



Stressed; July 9
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Control; Sept. 8, 2003



T1; Sept. 8, 2003



T2; Sept. 8, 2003





NSDNSDNSDNSD

395   b***286098.434.8   b13.1161301.25   b47.0Control

282 a343098.216.3 a15.9161601.19 a34.2T2

339 ab338098.217.9 a15.2173601.17 a40.6T1PG1

NSDNSDNSDNSD**

524   b***216098.428.7   b14.0112001.23   b47.0Control

372 a269099.115.3 a14.5121701.13 a34.2T2

450 ab263099.215.3 a14.6120001.14 a*40.6T1Atlantica

(lbs/gal)(lbs/acre)(%)(% by No.)(No.)(No.)(g)(inches/yr)

NutsShakingShell NutsAbortsLoadWeightAppliedTreatmentRootstock

ProductivitySplitNuts byClosed Blanks andFruitNutIrrigationIrrigation

Water Dryof SplitFreshTreeTreeDry SplitSeasonal

IrrigationYield RemovalHarvestedTotalTotalHarvestedTotal

KAC Pistachio RDI; Mean 2003KAC Pistachio RDI; Mean 2003--4 Data4 Data

* Numbers not followed by same letter are statistically different.

** NSD means no statistically significant differences.

*** Excludes water applied for barley cover crop.
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If stress reduces photosynthesis andIf stress reduces photosynthesis and
RDI can maintain production withRDI can maintain production with
1515--20% less water than full 20% less water than full ETcETc,,
what carbonwhat carbon--requiring tree sink is requiring tree sink is 
being negatively affected?being negatively affected?



Adapted from Spann et al. (unpublished)



Adapted from Spann et al. (unpublished)

Preformed

Neoformed

Shoot Growth with TimeShoot Growth with Time





ReasonsReasons

1)1) WeatherWeather

2) Government2) Government

3) Judicial3) Judicial

DroughtDrought



No irrigation; only rainfallNo irrigation; only rainfall

Consumptive Use (Consumptive Use (ETcETc))

Year 1: 6.1 inchesYear 1: 6.1 inches

DrylandDryland ExperimentExperiment

Year 2: 3.0 inchesYear 2: 3.0 inches



Year 3 Dryland;
Early Sept.



Three Years Dryland
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y = 2.29x + 14.5
R2 = 0.984

y = 1.92x + 25.1
R2 = 0.982
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y = 0.979x - 7.39
R2 = 0.939

y = 35.0Ln(x) - 64.9
R2 = 0.978
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Is it possible to affect alternate Is it possible to affect alternate 
bearing with RDI?bearing with RDI?
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Can you kill a mature pistachioCan you kill a mature pistachio
tree in the San Joaquin due totree in the San Joaquin due to
lack of irrigation?lack of irrigation?



Year 3 Dryland;
Early Sept.



Almond; Early Cutoff



Is “dehorning” an appropriate drought strategy for pistachio?





Are antitranspirants an appropriate drought strategy for pistachio?



Impacts of Stress During Growth StagesImpacts of Stress During Growth Stages

Stage 1Stage 1

Stage 2Stage 2

Stage 3Stage 3

PostharvestPostharvest

Smaller fruit; reduced vegetative growthSmaller fruit; reduced vegetative growth

Very littleVery little

Early. Lighter fruit; more blanks; Early. Lighter fruit; more blanks; 
reduced reduced harvestibilityharvestibility > reduced splitting> reduced splitting

Very little; possible smaller nut size Very little; possible smaller nut size 
following year following year 

Late. Lighter fruit; more blanks; Late. Lighter fruit; more blanks; 
reduced splitting > reduced reduced splitting > reduced harvestibilityharvestibility



Stage 1



Stage 2



Stage 3



11.217.222.928.437.244.1Seasonal ETc
102525251000.39Nov 1-15
102525251000.74Oct 16-31
102525251001.39Oct 1-15
102525251002.21Sept. 16-30
5075751001003.27Sept. 1-15
5075751001003.94Aug 16-31
5075751001004.90Aug 1-15
5075751001004.86Jul 16-31
5075751001005.04Jul 1-15
10102525505.38Jun 16-30
10102525504.81Jun 1-15
10102525503.58May 16-31
102550501002.33May 1-15
102550501001.28Apr 16-30

(% ETc)(% ETc)(% ETc)(% ETc)(% ETc)(inches)
FactorFactorFactorFactorFactorPeriodDate

RDIRDIRDIRDIRDIETc in
12" Case18" Case24" Case30" Case36" CaseNormal

RDI Strategies to Minimize Drought ImpactsRDI Strategies to Minimize Drought Impacts

Stage 1

Stage 2

Stage 3

PH


