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Question:

Two guys come in from being 

outside.  One says it’s cold, the 

other says it’s not.

What can you ask to decide for 

yourself?



Salisbury & Ross, Plant Physiology (1992)

The plant on the right is obviously water stressed, 

but what can we measure to be more sure?



Soil moisture?

Key problem with trees: how 

deep and where?



Applied water?



Typically stated objective of irrigation:

“Apply water to match ET”







Salisbury & Ross, Plant Physiology (1992)

Wilting = water sucked out of cells



Bradford and Hsiao, 1982, Encyclopedia of Plant Physiology.  12B:263-324.

Early symptoms of stress: reduction in growth

(growth 

processes)



Typically stated objective of irrigation:

“Apply water to match ET”



Salisbury & Ross, Plant Physiology (1992)

More appropriate objective of irrigation in agriculture:

“Manipulate plant water status to achieve some production objective”



Like measuring the “blood 

pressure” of the plant







Stem Water Potential

(SWP)









What you see under 

the magnifying glass

Leaf stem (petiole)

Xylem (“veins”)











Time of day

Fully irrigated

6 8 10 12 14 16 18 20

Typical example of the daily pattern in SWP
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Air

Temperature (F)

Air RH (%)

20 40 60

60 -3.7 -3.5 -3.2

70 -4.1 -3.7 -3.4

80 -4.6 -4.1 -3.7

90 -5.2 -4.6 -4.0

100 -6.1 -5.3 -4.5

110 -7.3 -6.2 -5.0

“Baseline” values of midday SWP (Bar) 

under various air temperature and RH 

conditions for Walnut



Around -60 Complete defoliation



This tree had 

reached -63 

bars on July 

14, 2009, and 

by July 28 was 

completely 

defoliated.

No flowers or 

nuts in 2010, 

but still alive!



“Wet”

“Medium”

“Dry”
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A “Day in the Life:”

Stress and kaolin spray (surround) effects on SWP and 

photosynthesis in walnut over a day.
(open symbols = sprayed trees)

Rosati et al, 2006



RDI: “Regulated Deficit Irrigation”

Concept: Mild to moderate levels of water stress, at 

the correct time, may benefit horticultural crop 

production or quality, or at least save water without 

reducing production or quality.



Salisbury & Ross, Plant Physiology (1992)

Manipulate plant water status to achieve some 

production objective



Benefits of RDI in Prunes:

1) Increase fruit sugar concentration

2) Decrease fruit water content and drying costs

3) Increase flower density and yield

4) Save Water

Proposed benefits of RDI for almonds during hull 

split:

1) Speed up Hull Split

2) Reduce Hull rot

3) Reduce Sticktights (Improve Harvestability)

4) Save Water



Benefits & risks of deficit 

irrigation in Walnut

Benefits: 

 Reduce water use/pumping costs

 Reduce soil disease pressure

 Reduce unnecessary vegetative growth & pruning 

costs

Risks: 

 Reduce necessary vegetative growth

 Lower yield and/or quality



Fulton et al, 2004

Walnut SWP, applied water and yields (dry inshell) for a three 

year irrigation test with wet, medium and dry irrigation levels
(Sacramento valley Chandler orchard “Black Butte”)

Yield

(T/ac)
1.98 1.84 1.76 2.72 2.22 2.01 2.17 1.59 1.28

%

Loss
-7% -11% -18% -26% -27% -41%

Wet Med Dry Wet Med Dry Wet Med Dry
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Problem: 

increased tree 

loss to disease in 

the wet treatment



Similar yield loss in two locations

2004 Yield

Black Butte 2002 2003 2004 Reduction

Wet 1.98 a 2.82 a 2.24 a 0%

Medium 1.84 a 2.33 b 1.65 b -26%

Dry 1.74 a 2.07 b 1.31 c -42%

San Joaquin

Wet 3.55 a 4.43 a 3.77 a 0%

Medium 3.26 a 3.94 a 2.98 b -21%

Dry 3.29 a 3.80 a 3.08 b -18%

Yield (t/ac)



The reason for yield loss in 2004: 

fewer number of nuts/tree

2004 Nut Percent reduction

Black Butte Yield Size g. #Nuts/tree Yield # nuts

Wet 2.24 a 10.71 a 2,342 0% 0%

Medium 1.65 b 11.14 a 1,659 -26% -29%

Dry 1.31 c 10.94 a 1,341 -42% -43%

San Joaquin

Wet 3.77 a 11.92 a 5,856 0% 0%

Medium 3.03 b 11.87 a 4,726 -20% -19%



No treatment effects on % retention in 2004

(i.e., losses occur prior to bloom)

% Retention % Retention 

Black Butte April - May April - July

Wet 76% a 73% a

Medium 74% a 71% a

Dry 74% a 71% a

San Joaquin

Wet 83% a 83% a

Medium 78% a 77% a

2004 Yield

Reduction

0%

-26%

-42%

0%

-20%



# shoots

Fraction

floral

# nuts per

floral shoot

0% 0% 0%

-1% -18% -3%

-12% -15% -9%

0% 0% 0%

3% -15% -1%

# Nuts

0%

-24%

-31%

0%

-16%

Black Butte

Wet

Medium

Dry

San Joaquin

Wet

Medium

Overall yield effect due to all 3 factors.

# of Nuts at bloom are determined by:

 Total # shoots

 Fraction of shoots that flower

 Number of nuts per flowering shoot



Black Butte Dormant Floral Vegetative Total #

Wet 0% 0% 0% 0%

Medium 13% -23% -16% -10%

Dry 45% -24% -24% -13%

San Joaquin

Wet 0% 0% 0% 0%

Medium 19% -16% -14% 3%

Less overall shoots, more of them dormant and 

less of them floral and vegetative

# shoots are composed of:

 # floral

 # vegetative

 # non-growing (dormant/dead) 



Conclusions

• Yield is reduced with deficit irrigation.

• Yield loss occurs in a number of factors.

• Nut size is unaffected by water stress.

• Prominent losses occur in % floral of total 

terminals.

• Floral and Vegetative terminals are lost and are 

replaced with dead/dormant terminals. Possibly an 

over wintering effect.



To know when 

plants are 

thirsty, you 

need to ask the 

plant



New technologies?



“Phytogram” sensor



“Dendrometer” sensor
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Y = 3.44*SWP + 104

N = 26    

Rsq = 0.2580

AdjRsq = 0.2271

RMSE = 12.026  
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Y = 0.0172*SWP – 0.074

N = 9    

Rsq = 0.153   

AdjRsq = 0.032

RMSE = 0.086  

-0.45

-0.40

-0.35

-0.30

-0.25

-0.20

-0.15

-18 -17 -16 -15 -14 -13 -12 -11

M
id

d
a

y
 s

h
ri
n

k
a

g
e

 (
M

D
S

, 
m

m
)

SWP (bars)

Dendrometer & SWP comparison



“Stem Hygrometer”

Main problem: temperature equilibrium and low voltage signal (need to 

measure temperatures to an accuracy of about 0.001C)



Sealing hygrometer with silicone


