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• Walnut response to irrigation
• Time permitting – An irrigation 

management  reminder

Topics:



General strategy for evaluating water 
stress in walnut field trial

Crop Development Stage 3.5 ac-ft/ac 2.4 ac-ft/ac 1.9 ac-ft/ac
Root Growth (Feb/Mar) Low Low Low 

Bloom (Apr) Low Low Low

Shoot Growth (Apr/May) Low Low Low

Fruit Sizing (May/June) Low Mild Mild

Kernel Development (Jul/Aug) Low Mild Moderate

Bud Development (July/Aug) Low Mild Moderate

Root Growth (Aug/Sept) Low Mild Moderate

Post-harvest (Oct/Nov) Low Moderate Moderate
Range in Midday SWP (bars) -3 to -7 -3 to -10 -3 to -12
Range in Soil Water Tension -20 to -80 cb -20 to -200 cb -20 to -200 cb



Irrigation Effect on Shoot Growth



Effect of irrigation on shoot growth of bearing 
Chandler Walnut on Paradox, 2002 - 2003

Two-year Average
Applied Water  

(ac-ft/ac)

Average
Seasonal Shoot Growth * 

(feet per season)

3.5 (low stress) 3.5 a
2.4 (mild stress) 3.3 a
2.0 (moderate) 2.4 b

* Average of about 64 pruned Shoots per irrigation level



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.



Effect of Irrigation on Fruitfulness and Yield



Effect of water stress on bud break and bloom, 
Chandler walnut grown on Paradox rootstock, 2004.

Applied 
Water

Reduction 
in buds 

that 
opened (%)

Reduction 
in floral 

buds (%)

Reduction of 
flowers per 

floral bud (%)

Reduction 
in nut 

load (%)

3.6 ac- 
ft/ac 0 a 0 a 0 a 0 a

2.2 ac- 
ft/ac -1 a -18 b - 3 a - 24 b

1.9 ac- 
ft/ac -12 b -12 b - 9 b - 31 b

Remember 
Shoot 

Growth



Effect of irrigation on dry in-shell yield of Chandler 
walnut on Paradox Rootstock, 2002 – 2005.

Year
Applied Water 

(ac-ft/ac)
Yield 

(lbs/acre)
Percent 

less Yield

2004 3.6 (low) 5046 a -----
2.2 (mild) 3770 b 25
1.9 (mod) 3068 c 39

Four-Year Total 3.5 (low) 21,508 a -----
2.4 (mild) 18,066 b 16
2.0 (mod) 15,737 c 27



Effect of irrigation on dry in-shell yield of Chandler 
walnut on NCB Rootstock, 2002 – 2005.

Year
Applied Water 

(ac-ft/ac)
Yield 

(lbs/acre)
Percent 

less Yield

2004 3.6 (low) 3614 a -----
2.2 (mild) 2586 b 28
1.9 (mod) 2044 c 43

Four-Year Total 3.5 (low) 14,323 a -----
2.4 (mild) 11,248 b 21
2.0 (mod) 10,007 b 30



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds 

that open and that are fruitful.  Results in less nut 
load and near 40 percent less yield in some 
situations.



Chandler Walnut Yield Response to Increased 
Irrigation, Paradox Rootstock, 2006 – 2007.

Year
Applied Water 

(ac-ft/ac)
Yield 

(lbs/acre)
Four-Year Total 3.5 (low) 21,508 a
(2002 – 2005) 2.4 (mild) 18,066 b

1.9 (mod) 15,737 c

2006 3.1 (low) 5253 a
3.1 (mild) 5529 a
3.1 (mod) 5132 a

2007 3.3 (low) 6867 a
3.3 (mild) 6038 a
3.3 (mod) 6134 a



Chandler Walnut Yield Response to Increased 
Irrigation, NCB Rootstock, 2006 - 2007

Year
Applied Water 

(ac-ft/ac)
Yield 

(lbs/acre)
Four-Year Total 3.5 (low) 14,323 a
(2002 – 2005) 2.4 (mild) 11,248 b

1.9 (mod) 10,007 b

2006 3.1 (low) 4513 a 
3.1 (mild) 3564 a
3.1 (mod) 4001 a

2007 3.3 (low) 4994 a
3.3 (mild) 4730 a
3.3 (mod) 4216 a



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds 

that open and that are fruitful.  Results in less nut 
load and near 40 percent less yield in some 
situations.

3. Irrigation effects on walnut yield may carry over one 
or more years after water stress is corrected.



Effect of Irrigation on Walnut Quality



Effect of irrigation on quality of Chandler Walnut 
grown on Paradox Rootstock

Year
Applied Water 

(ac-ft/acre)
Relative Value 1

$/1000 lbs
2003 3.7 (low) 1116.75 a

2.2 (mild) 1012.33 b
1.8 (mod) 959.35  c

Four-Year Average 3.5 (low) 972.60 a
2.4 (mild) 927.32 b
2.0 (mod) 922.95 b

1 Darker kernel color and higher off-grade main quality parameters 
affecting walnut value.  Significant differences 3 out of 4 years.



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds 

that open and that are fruitful.  Results in less nut 
load and near 40 percent less yield in some 
situations.

3. Irrigation effects on walnut yield may carry over one 
or more years after water stress is corrected.

4. Irrigation management may influence walnut value.  
Darker kernel color and higher off-grade can be 
more common in water stressed trees.



Importance to Rootstock Performance



Effect of irrigation on performance of Paradox and 
Northern California Black Rootstock, 2002 – 2005

Rootstock

Four-year
Average Applied 

Water 
(ac-ft/ac)

Four-year 
Total Dry In- 
shell Yield 
(lbs/acre)

Paradox 3.5 (low) 21,508 a
Paradox 2.4 (mild) 18,066 b
Paradox 2.0 (mod) 15,737 c

Black 3.5 (low) 14,323 c
Black 2.4 (mild) 11,248 d
Black 2.0 (mod) 10,007 d



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds that open 

and that are fruitful.  Results in less nut load and near 40 
percent less yield in some situations.

3. Irrigation effects on walnut yield may carry over one or more 
years after water stress is corrected.

4. Irrigation management may influence walnut value.  Darker 
kernel color and higher off-grade can be more common in 
water stressed trees.

5. If mismanaged, irrigation can negate investments in other 
walnut culture i.e. hybrid rootstock, etc…



Irrigation, Crown Rot, and Tree Longevity



Effect of irrigation on longevity of trees grown on 
Paradox and Northern California Black Rootstocks

Rootstock

Average 
Applied 
Water 

(ac-ft/ac)

Percentage
trees in severe 

decline 

Paradox 3.5 0.0
Paradox 2.4 1.3
Paradox 1.9 1.3

Black 3.5 24.2 a
Black 2.4 3.0 b 
Black 1.9 0.0 b



Walnut Response to Irrigation

1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds that open 

and that are fruitful.  Results in less nut load and near 40 
percent less yield in some situations.

3. Irrigation effects on walnut yield may carry over one or more 
years after water stress is corrected.

4. Irrigation management may influence walnut value.  Darker 
kernel color and higher off-grade can be more common in 
water stressed trees.

5. If mismanaged, irrigation can negate investments in other 
walnut culture i.e. hybrid rootstock, etc…

6. Tree loss on Paradox rootstock was not influenced by 
irrigation.  Tree loss on Black rootstock increased significantly 
with more intense irrigation.



Irrigation, Crown Rot, and Tree Longevity



Effect of Irrigation on Tree Longevity

Crown Rot



Walnut Response to Irrigation
1. Water stress is likely to decrease shoot growth.
2. Crop water stress can reduce the number of buds that open 

and that are fruitful.  Results in less nut load and over 40 
percent less yield in some seasons.

3. Irrigation effects on walnut yield may carry over one or more 
years after water stress is corrected.

4. Irrigation management may influence walnut value.  Darker 
kernel color and higher off-grade can be more common in 
water stressed trees.

5. If mismanaged, irrigation can negate investments in other 
walnut culture i.e. hybrid rootstock, etc…

6. Tree loss on Paradox rootstock was not influenced by 
irrigation.  Tree loss on Black rootstock increased significantly 
with more intense irrigation.

7. Cutting back on irrigation reduced tree loss on Black rootstock 
but at the expense of walnut yield and quality.   Possibly 
some practices affecting water placement such as stream 
splitters might address problem.



• Walnut response to irrigation
• An irrigation management reminder

Topics:



THANK YOU!

Walnut Day weed control.ppt





Newspaper Distribution

• Happy Valley Times
• Anderson Valley Post
• Red Bluff Daily News
• Corning Observer
• Orland Press-Register
• Chico Enterprise Record
• Willows Journal
• Colusa County Sun Herald

Web Distribution
• http://cetehama.ucdavis.edu

Irrigation and Water Resources Page

Irrigation Scheduling Tools Menu Item





If hourly irrigation rate = 0.05 inches per hour

2.09 inches weekly use ÷ 0.05 inch/hr = 42 hours

Then, estimated hours of weekly irrigation run time = 42 hours 
during week of July 20 – 26,  2007

* May add hours in consideration of Irrigation Uniformity



Irrigation application rate is 
unknown?

OPTIONS:
• Contact Tehama County RCD Mobile 

Irrigation Lab 527-3101 x 119
• Estimate it yourself based upon 

irrigation system design



Make your own estimate of hourly irrigation 
rate

Example:

• 81 microsprinklers per acre
• 16.8 gph emission per sprinkler

81 x 16.8 gph = 1358 gph per acre

1358 ÷ 27,154 = 0.05 inch/hr

Conversion factor from gph per 
acre to inches per acre per hour



THANK YOU!

Walnut Day weed control.ppt
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