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Irrigation SchedulingIrrigation Scheduling


 

When to apply irrigation waterWhen to apply irrigation water


 
How Much to applyHow Much to apply



When and How Much?When and How Much?


 
Different cropsDifferent crops


 

Different orchard development stageDifferent orchard development stage


 
Different stage of growthDifferent stage of growth


 

Presence of an orchard vegetative coverPresence of an orchard vegetative cover


 

Climate Climate 


 

Irrigation systemIrrigation system



Orchard water useOrchard water use


 

Determined by:Determined by:



 

ClimateClimate


 

Stage of Growth (Canopy size)Stage of Growth (Canopy size)


 

Presence of ground coverPresence of ground cover



ClimateClimate


 

EvapotranspirationEvapotranspiration


 

EToETo



www.cimis.water.www.cimis.water. 
ca.govca.gov
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Stn Id Station Date Precip (in) CIMIS ETo (in) PPT Eto
70 Manteca 7/1/2009 0 0.26
70 Manteca 7/2/2009 0 0.26
70 Manteca 7/3/2009 0 0.26
70 Manteca 7/4/2009 0 0.25
70 Manteca 7/5/2009 0 0.25
70 Manteca 7/6/2009 0 0.27
70 Manteca 7/7/2009 0 0.27
70 Manteca 7/8/2009 0.08 0.27
70 Manteca 7/9/2009 0 0.27
70 Manteca 7/10/2009 0 0.26
70 Manteca 7/11/2009 0 0.2
70 Manteca 7/12/2009 0 0.21
70 Manteca 7/13/2009 0 0.27
70 Manteca 7/14/2009 0 0.29
70 Manteca 7/15/2009 0 0.27 0.08 3.9 1-15
70 Manteca 7/16/2009 0 0.27
70 Manteca 7/17/2009 0 0.28
70 Manteca 7/18/2009 0 0.27
70 Manteca 7/19/2009 0 0.28
70 Manteca 7/20/2009 0 0.29
70 Manteca 7/21/2009 0 0.26
70 Manteca 7/22/2009 0 0.26
70 Manteca 7/23/2009 0 0.25
70 Manteca 7/24/2009 0 0.24
70 Manteca 7/25/2009 0 0.24
70 Manteca 7/26/2009 0 0.25
70 Manteca 7/27/2009 0 0.26
70 Manteca 7/28/2009 0 0.25
70 Manteca 7/29/2009 0 0.23
70 Manteca 7/30/2009 0 0.23
70 Manteca 7/31/2009 0 0.24 0 4.1 16-31



ETo  =  Kc x EToETo  =  Kc x ETo

Where:Where:


 
ETcETc =  crop evapotranspiration=  crop evapotranspiration


 

Kc  =  crop coefficientKc  =  crop coefficient


 
ETo  =  evapotranspiration of the   ETo  =  evapotranspiration of the   
reference crop (station Information)reference crop (station Information)



CanopyCanopy


 

CoverageCoverage


 
Mature Mature ---- more than 62% Shadingmore than 62% Shading


 

Use established crop coefficientsUse established crop coefficients


 

Less than 62% ShadingLess than 62% Shading


 

Use a 2:1 ratioUse a 2:1 ratio
•• 20% shade = 40% use of mature orchard20% shade = 40% use of mature orchard



Cover increases water use by 25-30%









Kc Peach Almond Walnut Pistachio
period
Mar 16-31 0.35 0.54 0.12
Apr 1-15 0.42 0.6 0.53 0.07
Apr 16-30 0.56 0.66 0.68 0.43
May 1-15 0.62 0.73 0.79 0.68
May 16-31 0.76 0.79 0.86 0.93
June 1-15 0.82 0.84 0.93 1.09
June 16-30 0.96 0.87 1 1.17
July 1-15 1.01 0.92 1.14 1.19
July 16-31 1.06 0.97 1.14 1.19
Aug 1-15 1.1 1.06 1.14 1.19
Aug 16-31 1.15 1 1.14 1.12
Sept 1-15 1.15 0.94 1.08 0.99
Sept 16-30 1.12 0.91 0.97 0.87
Oct 1-15 1.1 0.85 0.88 0.67
Oct 16-31 1.01 0.79 0.51 0.50
Nov 1-15 0.82 0.7 0.28 0.35



Date 
Evapotranspiration 

Reference 
ETo 

Crop 
Coefficient 

kc 

Water Use 
(inches) 

ETc 

Cumulative 
Inches 

ETc 
Mar 16-31   2.3 0.12  0.28 0.3 
Apr 1-15   2.5 0.53  1.34 1.6 
Apr 16-30   2.9 0.68  1.96 3.6 
May 1-15   3.3 0.79  2.59 6.2 
May 16-31   3.6 0.86  3.14 9.3 
Jun 1-15   3.8 0.93  3.53 12.8 
Jun 16-30   4.0 1.00  3.98 16.8 
Jul 1-15   4.1 1.14  4.66 21.5 
Jul 16-31   3.9 1.14  4.49 26.0 
Aug 1-15   3.7 1.14  4.16 30.1 
Aug 16-31   3.5 1.14  3.98 34.1 
Sep 1-15   2.9 1.08  3.12 37.2 
Sep 16-30   2.4 0.97  2.30 39.5 
Oct 1-15   2.0 0.88  1.73 41.3 
Oct 16-31   1.6 0.51  0.79 42.1 
Nov 1-15   1.1 0.28  0.30 42.4 
 

Irrigation scheduling using ETo values based on a 20-year average
Manteca, CIMIS Station 70

Leaf out: 3/15 Leaf drop: 11/15
Walnut    No cover crop



Water Use / LossesWater Use / Losses


 

EvapotranspirationEvapotranspiration


 

TranspirationTranspiration


 

EvaporationEvaporation


 

RunoffRunoff


 

Non Uniformity                Deep percolationNon Uniformity                Deep percolation



Sprinkler

Irrigation Management



Pressurized systemsPressurized systems


 

Engineered Distribution UniformityEngineered Distribution Uniformity


 

Not perfectNot perfect
•• SprinklerSprinkler
•• Micro irrigationMicro irrigation



Evaluate and upgrade irrigation systems Evaluate and upgrade irrigation systems 
improve distribution uniformityimprove distribution uniformity

Pressure variation

Nozzle size uniformity

Sprinkler
Pressure Regulation

Emitter Clogging

Micro Irrigation



IrrigationIrrigation

1.1. Determine Net Irrigation RequirementDetermine Net Irrigation Requirement

2.2. Determine Application RateDetermine Application Rate


 

Determine Average application rateDetermine Average application rate


 

Uniformity of applied waterUniformity of applied water

3.3. Measure Applied WaterMeasure Applied Water



Evaluate (Measure) Irrigation Evaluate (Measure) Irrigation 
SystemSystem


 

Average Application rate Average Application rate 


 
Distribution uniformityDistribution uniformity



Quantifying Irrigation Quantifying Irrigation 
System Performance System Performance 

Distribution Uniformity (DU 1/4)Distribution Uniformity (DU 1/4)


 

An indication of how evenly the water is distributed An indication of how evenly the water is distributed 
across the systemacross the system



 
DU =DU =

Average of the Average of the low quarterlow quarter of volume measurementsof volume measurements
Average of all volume measurements               X 100Average of all volume measurements               X 100



 
8585--95%  well designed and maintained system95%  well designed and maintained system



Distribution Uniformity
85%

Sta 21 no cover Biweekly Biweekly
Period Kettelman Kc Net irr Gross
Date ETo (in.)
1/1-1/15 0.7 0.00 0.00
1/16-1/31 0.99 0.00 0.00
2/1-2/15 1.09 0.00 0.00
2/16-2/28 0.9 0.00 0.00
3/1-3/15 1.48 0.00 0.00
3/16-3/31 2.8 0.25 0.70 0.82
4/1-4/15 2.26 0.54 1.22 1.44
4/16-4/30 3.28 0.6 1.97 2.32
5/1-5/15 4.42 0.66 2.92 3.43
5/16/5/31 5.08 0.73 3.71 4.36
6/1-6/15 4.85 0.79 3.83 4.51
6/16-6/30 4.75 0.84 3.99 4.69
7/1-7/15 4.15 0.87 3.61 4.25
7/16-7/31 4.64 0.92 4.27 5.02
8/1-8/15 4.39 0.97 4.26 5.01
8/16-8/31 4.29 1.06 4.55 5.35
9/1-9/15 3.49 1 3.49 4.11
9/16-9/30 3.15 0.94 2.96 3.48
10/1-10/15 2.65 0.91 2.41 2.84
10/16-10/31 1.85 0.85 1.57 1.85
11/1-11/15 1.24 0.79 0.98 1.15
11/16-11/30 0.63 0.7 0.44 0.52
12/1-12/15 0.74 0 0.00 0.00
12/16-12/31 0.498 0.00 0.00

47 55

ETo   x  Kc   =    ET / DU = Gross Irrigation

100
87.5

75
62.5

50
37.5

25
12.5

0

DU Low Quarter



Applying the Correct AmountApplying the Correct Amount



 

Water meterWater meter



Measuring Micro Irrigation Measuring Micro Irrigation 
Discharge RateDischarge Rate



Soil Based Irrigation SchedulingSoil Based Irrigation Scheduling



 

Devices that measure moistureDevices that measure moisture


 

StatusStatus


 

ContentContent



WaterMarkWaterMark SensorSensor



Electrode

Access Tube

Data Logger

Solar Panel

Cable

Electrode

Ground 
Surface

Permanent/logging
Multi depth

Single point measurePortable



Capacitance Probe



C-Probe
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Plant Based Irrigation SchedulingPlant Based Irrigation Scheduling



 

Stem Water PotentialStem Water Potential



Plant Based Tree Water StatusPlant Based Tree Water Status



 

Use midday stem water potentialUse midday stem water potential


 

to assure that you are not over or underto assure that you are not over or under-- 
irrigatingirrigating











Walnut Stem Water PotentialWalnut Stem Water Potential


 

0 to 0 to ––2.0  2.0  Not commonly observedNot commonly observed



 

--2.0 to 2.0 to ––4.04.0 Fully irrigatedFully irrigated, low stress, commonly , low stress, commonly 
observed when orchards are irrigated observed when orchards are irrigated 
according to estimates of real time according to estimates of real time 
evapotranspiration (evapotranspiration (ETcETc), long term root and ), long term root and 
tree health may be a concerntree health may be a concern



 

--4.0 to 4.0 to ––6.0  6.0  Low to mild stressLow to mild stress, high rate of shoot growth , high rate of shoot growth 
visible, suggested level from leafvisible, suggested level from leaf--out until mid out until mid 
June when nut sizing is completedJune when nut sizing is completed



 

--6.0 to 6.0 to ––8.0  8.0  Mild to moderate stressMild to moderate stress, shoot declines , shoot declines 
especially with Black Walnut Rootstock. These especially with Black Walnut Rootstock. These 
levels do not appear to affect kernel levels do not appear to affect kernel 
developmentdevelopment



Walnut Stem Water PotentialWalnut Stem Water Potential


 

--8.0 to 8.0 to ––10.0  10.0  Moderate to high stressModerate to high stress,,

shoot growth in nonshoot growth in non--bearing trees may stop, bearing trees may stop, 
nut sizing may be reduced in bearing treesnut sizing may be reduced in bearing trees



 

--10.0 to 10.0 to ––12.0  12.0  High stressHigh stress, , 

temporary wilting of leaves has been observed. temporary wilting of leaves has been observed. 
New shoot growth may be sparse or absent and New shoot growth may be sparse or absent and 
some defoliation may be evident. Nut size likely some defoliation may be evident. Nut size likely 
to be reduced.to be reduced.



 

--12.0 to 12.0 to ––14.0  14.0  Relative high levels of stressRelative high levels of stress, , 
moderate to severe defoliation, should be avoidedmoderate to severe defoliation, should be avoided



 

--14.0 to 14.0 to ––18.0  18.0  Severe defoliationSevere defoliation





Web Site URL:Web Site URL:


 

http://lawr.ucdavis.edu/faculty/prichard/http://lawr.ucdavis.edu/faculty/prichard/


 

Click on: Educational MaterialsClick on: Educational Materials

http://lawr.ucdavis.edu/faculty/prichard/
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