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Lessons from temperate alley cropping 

systems 
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Black walnut-corn alley 

cropping



Pecan-Cotton alley 

cropping



Competition for light



9-year-old

12-year-old
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Corn yield as a function of 

radiation transmittance
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47-yr-old trees + cotton
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Cotton yield as a function of 

radiation transmittance
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PAR vs. Pnet
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As you know……..

P net per unit leaf area is 

important

But, overall canopy P net

drives productivity



Competition for water

Leaf expansion is the first 

process inhibited by Water 

stress in plants



Alley soil water as influenced by 

tree competition (Black walnut-corn)
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Alley soil water as influenced by 

tree competition (Pecan-cotton)
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Rooting density is the key
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Minirhizotron: Root studeis made 

easier?
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Water stress and leaf area-Corn

0

0.2

0.4

0.6

0.8

10-May 30-May 19-Jun 9-Jul 29-Jul 18-Aug 7-Sep

Control-row1

control-row3

barrier-row1

barrier-row3

L
e

a
f 

a
re

a
 (

m
2

 p
e

r 
p

la
n

t)





0

0.1

0.2

0.3

0.4

0.5

0.6

0 2 4 6 8 10 12 14 16 18

L
e

a
f

A
r
e

a
 (

m2
)

Barrier

Non-barrier

Weeks after emergence

Water stress and leaf area-Cotton



Water uptake



Corn water uptake

Weekly uptake
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Black Walnut water uptake
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Competition for Nitrogen
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Total Nitrogen Uptake

0

20

40

60

80

100

120

Grain Stover

N
it

ro
g

e
n

 U
p

ta
k

e
 (

k
g

/h
a

)

No Competition Competition

40% higher
41% higher



0

10

20

30

40

50

60

70

Grain Stover

%
N

D
F

No Competition Competition

Nitrogen derived from Fertilizer



Fertilizer Use Efficiency
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Safety net role of tree roots

NO3
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Safety net role: Evidence?
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Observation Period NO3-N 

0.3 m 0.9 m

2001 Growing Season
(June–November)

0.64 0.55

2002 Growing Season
(May–August)

0.45 0.97

Whole Study Period 
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0.57 0.66
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Phytotoxicity / Allelopathy

OH O

O

Juglone:

5-hydroxy-1,4-napthoquinone



Soil Juglone: Spatial variation
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Juglone:  Effects on crop growth
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