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Surface EvaporationSurface Evaporation
++

TranspirationTranspiration

EvapotranspirationEvapotranspiration ((ETcETc) =) =



y = 0.136x - 4.43
R2 = 0.752

0

5

10

15

20

25

30

0 50 100 150 200 250

Evapotranspiration (cm)

A
lf

a
lf

a
 Y

ie
ld

 (
t/

h
a
)

Alfalfa Production Function; New MexicoAlfalfa Production Function; New Mexico

Sammis (1981)



y = 15.2x - 1844
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EvapotranspirationEvapotranspiration ((ETcETc))

Crop Coefficient (Crop Coefficient (KcKc)) ==

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



0.35Nov 1-15
0.50Oct 16-31
0.67Oct 1-15
0.87Sept. 16-30
0.99Sept. 1-15
1.12Aug 16-31
1.19Aug 1-15
1.19Jul 16-31
1.19Jul 1-15
1.17Jun 16-30
1.09Jun 1-15
0.93May 16-31
0.68May 1-15
0.43Apr 16-30
0.07Apr 1-15
(Kc)

CoefficientsDate
Pistachio Crop
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Pistachio: high water usePistachio: high water use

Can we reduce Can we reduce ETcETc withoutwithout
negatively impactingnegatively impacting
production?production?



ToTo reduce reduce consumptiveconsumptive
use,use, only options are:only options are:

decreasedecrease

E E andand//oror TT



Can Can wewe reducereduce

Surface EvaporationSurface Evaporation??



Irrigation Frequency vs. DurationIrrigation Frequency vs. Duration

Wet surface as infrequently asWet surface as infrequently as
possible.possible.

Insure that when you irrigate with Insure that when you irrigate with 
longer duration of application, donlonger duration of application, don’’t t 
““overirrigateoverirrigate..””













Can Can wewe reducereduce

TranspirationTranspiration??





Atmosphere
CO2

O2H2O

6 CO2+12 H2O
Light

C6H12O6+6 O2+6 H2O

(Sugar)
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Midday Midday StomatalStomatal Conductance; Conductance; DrylandDryland and Full Irrigationand Full Irrigation

Pistachio







Drought Tolerance:Drought Tolerance:

= High Productivity= High Productivity

= Ability to Survive= Ability to Survive



Irrigation SchedulingIrrigation Scheduling

1)1) When to irrigate.When to irrigate.
2)2) How much water to apply.How much water to apply.



Scheduling ConceptsScheduling Concepts

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





ETcETc =   =   KcKc x   x   EToETo
OrchardOrchard
Water Water 
UseUse

= CropCrop
CoefficientCoefficient

ReferenceReference
CropCrop

Water Water 
UseUse

x

Water BudgetWater Budget





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.













Application EfficiencyApplication Efficiency

Percentage of applied water Percentage of applied water 
that is can be used by the that is can be used by the 
tree. tree. 





44.1Total
3.30.5550.030.390.351.11Nov 1-15

5.90.8980.050.740.501.47Oct 16-31

11.81.719170.091.390.672.08Oct 1-15

18.72.729260.152.210.872.54Sept. 16-30

27.74.044390.223.270.993.30Sept. 1-15

31.34.549440.253.941.123.52Aug 16-31

41.65.965590.334.901.194.12Aug 1-15

38.75.561550.304.861.194.09Jul 16-31

42.76.167600.345.041.194.23Jul 1-15

45.66.572640.365.381.174.60Jun 16-30

40.85.864580.324.811.094.42Jun 1-15

28.54.145400.223.580.933.85May 16-31

19.82.831280.162.330.683.43May 1-15

10.91.617150.091.280.432.99Apr 16-30

(hr/wk)(hr/day)(gal/tree/dy)(gal/tree/dy)(inch/dy)(inch)(Kc)(inch)

Time Time AmountPeriodPeriodPeriodCoeff.PeriodDate

Applic.Applic.ApplicationETc inETc inETc inCropETo in

For Madera; based on 10 yr mean ETo



Blackwell Corner; Daily ETo
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Pistachio Seasonal Pistachio Seasonal ETcETc
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Coefficient of Variation; 10 Yr. ETc
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Shortcomings of Water BudgetShortcomings of Water Budget

1)1) Accuracy of CIMIS Accuracy of CIMIS EToETo..
2)2) Accuracy of Accuracy of KcKc..
3)3) Applicability of regional data to Applicability of regional data to 

your farm.your farm.
4) Application efficiency estimates.4) Application efficiency estimates.
5) Usefulness for RDI limited.5) Usefulness for RDI limited.



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; canpossible; can’’t adequately 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 = 0.983x + 6.98
R2 = 0.944
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1)1) Manually taken; canManually taken; can’’t be automated.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, canThus, can’’t adequately characterize t adequately characterize 
a field.a field.



WhatWhat aboutabout handhand--

held infraredheld infrared

thermometersthermometers??
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Irrigation Scheduling Summary

• Pistachio trees have the potential 
to use large amounts of water.

• Pistachio trees are extremely 
drought tolerant.

• Water budget approach; easy, 
cost effective; good starting point.


