
Optimum Walnut Canopies: Spacing and 
Managing Orchards for Both Early and Mature 

Production 
Bruce Lampinen 

~45% midday light interception

Potential for 4.4 MT/ha
~30% midday light interception

Potential for 3 MT/ha

~45% midday light interception

Potential for 4.4 MT/ha
~30% midday light interception

Potential for 3 MT/ha

~70% midday light interception

Potential for 7 MT/ha
~90% midday light interception

Potential for 8+ MT/ha

~10% midday light interception 



2nd Generation mule light bar 

Adjustable from 8 to 32 feet 

Tilt sensor 



•Improvements with second generation Mule 

– Continuously adjustable from 10-32 feet (versus 18-26 feet for first 
generation) 

– Soil surface temperature at much higher resolution (2 degree angle of 
view versus 45 degree angle of view and faster acquisition) 

– HD video camera that runs when Mule is moving 

– New GPS that works much better in dense canopies 
 



Mid-summer, drive down rows with Mule 

light bar 

At harvest, pick up and weigh all nuts from 

same area driven down with light bar 





All walnut data 2009-2012

Midday PAR interception (%)
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Potential production is 100 pounds or 0.05 
tons per 1% of total midday PAR intercepted 

(PAR = photosynthetically active radiation) 





All walnut sites 2009 to 2012

Orchard age (years)

0 10 20 30

M
id

d
a
y
 P

A
R

 i
n

te
rc

e
p

ti
o

n
 (

%
)

0

20

40

60

80

100

45

48

56

58

62

63

65

70

74

76

87

90

97

101

105

109

116

121

132

145

151

171

180

48 
97 65 180 

171 

74 

48 151 
76 

76 

56 

116 

180 

63 

90 

56 

97 
70 

58 

97 87 

132 

105 

76 

109 101 

145 

132 

116 

Number indicates # trees/acre 



2D Graph 1

Orchard age (years)
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180 trees/acre 
48 trees/acre 



Orchard age>8 years 

Light interception continues to increase 
with increasing tree density 

Yield tends to peak at about 70-80 trees/acre 



Orchard age>8 years 



Orchard age>8 years 



Orchard age>8 years 



Orchard age>8 years 



Planted in 1997 

11’ x 22’ 

30’ x 30’ 

19’ x 21’ 

40’ x 24’ 

14’ x 21’ 

15’ x 30’ 
Planted 
in 1982 



Optimum appears to be at about 24’-26’ traditional spacing and about 65-75 trees 
per acre. The highest yielding orchard in trial was 24’ row spacing by 25’ tree spacing 
   

Row spacing Tree spacing #trees/acre 

20 20 109 

21 21 99 

22 22 90 

23 23 82 

24 24 76 

25 25 70 

26 26 64 

27 27 60 

28 28 56 

29 29 52 

30 30 48 



• Howard pruning trial- After 7 years of treatment imposition  

 

 

 

 

 

 

 

 

• Chandler pruning trial- After 5 years of treatment imposition, there were no 
benefits to pruning and cumulative yields were similar among all treatments 

 

•Pruned versus unpruned- no sign. dif. in: 

•Tree size 

•Midday canopy light interception 

•Cumulative yield 

•Percent sunburn 

•Nut quality- except more large nuts  

   in unpruned in 2008 

•This study does not support the common  

wisdom that you need to prune walnuts to 

get them to grow 

•Pruned versus unpruned- no sign. dif. in: 

•Heavy pruning resulted in smaller 

trees and less yield in early years 

No benefits of either minimal or heavy 

pruning 

•This study does not support the common  

wisdom that you need to prune walnuts to 

get them to grow 
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Before pruning 

Unpruned                             Heavily pruned 
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variety/rootstock/pruning
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3rd leaf yield clonal rootstock trial in Solano County- heavily pruned by grower 



Clonal rootstock trial in Solano County and Nickels Chandler trial 
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Tulare growth and yield responses to mechanical hedging Solano County 2003 

20%  decrease in 
PAR interception =  
1 ton/acre loss 



1

2

3





top 
view 

High density 

side 
view 

                      before hedging   after hedging        one year later     3 yr ave. 

PAR int.                  85%                70%                         80%              83% 

Yield potential    4.2 tons          3.2 tons/ac             4.0 tons/ac          3.8 
3.6 tons/ac      2.4 tons/ac             2.9 tons/ac         2.96 



                      before hedging   after hedging        one year later     3 yr ave. 

PAR int.                  80%                65%                         75%              73% 

Yield potential    4.0 tons/ac     2.7 tons/ac             3.7 tons/ac    3.5 tons/ac 

top 
view 

Moderately high density 

side 
view 

3.4 tons/ac     2.5 tons/ac             2.8 tons/ac    2.9 tons/ac 



top 
view 

Slightly lower density with no hedging 

side 
view 

                          unpruned            unpruned           unpruned         3 yr ave. 

PAR int.                  75%                76%                         77%             76% 

Yield potential    3.75 tons/ac       3.8 tons/ac             3.85 tons/ac  3.8 tons/ac 



Moderate density 
with hedging 

Slightly lower density 
with no hedging 



Moderate density 
with hedging 

Slightly lower density 
with no hedging 



~90% light interception (4.5 tons/acre potential) 

Conventional planting 



Summary of 4 scenarios 
 Scenario Year 1 Year 2 Year 3 Average 

 

High density 

85% 

4.2 

3.6 

70% 

3.5 

2.6 

80% 

4.0 

2.9 

83%(int.) 

3.8 (potential) 

2.96 (actual) 

Moderately 

high density 

80% 

4.0 

3.4 

65% 

2.7 

2.5 

75% 

3.7 

2.8 

73% 

3.5 (potential) 

2.9 (actual) 

Unpruned, 

slightly wider 

spacing 

75% 

3.75 

 

76% 

3.8 

77% 

3.85 

76% 

3.8 

Conventional 

spacing 

90% 

4.5 

 

91% 

4.55 

92% 

4.6 

91% 

4.55 



Why was high density planting more productive than moderately high density? 

2.96 tons/acre 

2.90 tons/acre 



5 seasons of growth 
on 5 year old tree 

5 seasons of growth 
on 11 year old tree 



7 Year old Howard orchard in Solano County- 
tremendous breakage problem in 2011 

Pruning related problems 



Pruning related problems 



Pruning related problems 



Pruned tree in Chandler pruning trial Nickels July 2012 

Pruning related problems 



Breakage in 10 year old Lake 
County Chandler orchard July 5, 
2012 

Pruning related problems 



Nickels Chandler pruning trial 

01/15/12 
Unpruned                                              Minimally pruned 

~20 branches off of main trunk                        4-6 branches off main trunk 
 1 broken branch = 5% of canopy               1 broken branch=16-25% of canopy 



Pruning related problems 







All walnut data 2009-2012

Midday PAR interception (%)
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4.5 tons/ac at 90% PAR int.

2.5 tons/ac at 50% 

PAR int.

Potential production is about 100 in-shell pounds/acre 
(0.05 tons/acre) for each 1% of the total midday PAR 
you can intercept 



All walnut data 2009-2012

Midday PAR interception (%)
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Based on these data we would 

predict a potentially large crop this 

year if bloom/spring conditions are 

good



Conclusions 
• Although you can potentially get higher yields in years 3-8 

with higher density plantings, ultimately the highest yields 
come from more traditional spacings with minimal pruning 

• Yield per unit light intercepted is always lower when any 
pruning or hedging takes place 

• 7 year Howard pruning trial and 5 year Chandler pruning 
trial have shown no benefits to pruning 

• Each pruning cut tends to generate more work for the next 
1-4 years 

• Pruning tends to result in increased potential for limb 
breakage when pruning eventually stops 

• Mechanical hedging can result in decent but not high 
yields and decreased quality 

• More work is needed on managing canopy in mature 
orchards    


