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What are the factors that define almond yield in a given season?

No of flowers
% of fruit set
Kernel weight

𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝑵𝑵𝑵𝑵. 𝒐𝒐𝒐𝒐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 × % 𝒐𝒐𝒐𝒐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒔𝒔𝒔𝒔𝒔𝒔 × 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘

4,000 lbs/acre = 6,493,507 flowers/acre x 28% fruit set x 0.0022lbs per kernel
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Number of flowers: A game of numbers and quality

• A game of numbers: The more the better! • A game of quality: Healthy and fertile flowers 
are more likely to set fruit!
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How do we play and win the game? -Number of Flowers-

• Spurs are compacted shoots no longer than 2-3 inches.
• Mature trees produce >80% of their total yield on spurs.
• Flowers depend on spurs that are at least two-year-old.

Almond spurs are the fundamental bearing unit in almonds

Photo acknowledgment: 
Ted DeJong
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How to play and win the game? -Number of Flowers-

Ideally, we would like to have as many spurs as possible, and as many of them flowering and 
bearing fruit. 

However, a significant amount of these spurs will die or not bloom 
from one season to another. 

Photo acknowledgment: 
Ted DeJong

Photo acknowledgment: 
Ted DeJong



7

Almond spurs are alternate bearing structures:
2021 season 2022 season

Almond spurs are likely to die after bearing multiple fruit (“the black widow 
phenomenon”):



8

The key for abundance is to maintain the balancing act between 
different spur types
Walk your orchards and learn how to identify the difference populations of spurs: 

• The rate of spurs being formed needs to overcome the rate of spurs that are dying (check for new 
growth).

• Your current yield largely depends on the spurs with fruit. 

• Your next year yield will largely depend on the spurs without fruit.
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Drivers that affect the size and performance of spur populations: Nutrients

Nutrient deficiency

Reduced shoot growth and/or leaf area

Zinc deficiency: Small pale leaves, short 
internodes, rosette leaves.

Nutrients in excess

Increased susceptibility to diseases such as Hull Rot

Excess of nitrogen results in higher hull rot 
susceptibility.

Adequate nutrient management by following the 4Rs of plant nutrition: Apply at the Right Rate, Right Time, Right 
Source and Right Place. Check the CASP Nitrogen budget calculator for more info.

Photo: Jack Kelly Clark Photo: The Almond Doctor
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Drivers that affect the size and performance of spur populations: Irrigation management

In Spring In early Summer

Irrigation management is key all year round. Check the CASP irrigation calculator for more info.

In late Summer In early Fall

Canopy size Kernel size

Formation of flower buds Leaf senescence

20% reduction in kernel size



Percentage of fruit set
Begins during flowering…. But ends….



Percentage of fruit set
…By the end of April
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Percentage of Fruit Set is affected during bloom and after bloom

• During bloom percentage of fruit set is largely affected by:
– Flower quality ~CHO and nutrients such as Boron and Zinc
– Adequate crosspollination between the variety and pollinizer
– Number of healthy and strong hives
– Weather conditions

Photo acknowledgment: Joe Connell and Fruit and Nut Research and Information Center
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Percentage of Fruit Set is affected during bloom and after bloom

• After bloom keep in mind the following:

Fruit drop happens in three distinct stages, the first of which is shortly after bloom when defective 
flowers fall from the tree. The second drop occurs about a month later when pea-sized flowers, mostly 
unpollinated, fall. The third and final drop occurs six to seven weeks after bloom - the load adjustment 
for almonds-.

A combination of factors affect the third fruit drop. Some 
of them we can control. Others not so much (weather).

Observational data shows that the following 
management factors affect the third drop:
• Poor fertigation
• Water applied in excess 
• Correlated with fruit set: Low fruit set = low fruit drop

Tip: Walk your orchards, shake some branches with your hand 
in late April and observe how much fruit falls



Kernel weight
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As the season progresses the game is a function of # of fruit left on the 
tree x size of the individual kernels
• Your efforts in Spring start to pay off:

Provide the right amount of water and nutrients combined with an integrated pest 
management approach to maximize kernel size

Adequate management 
results in a strong light 

harvesting machine

Energy

Photo acknowledgment: 
Bruce Lampinen
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Drivers that affect the yield equation: Overall Horticultural Management

The highest yield potential is observed in orchards whose trees produce a total 
shade of 80%- 85% in the middle of the summer at midday.
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Summary

𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀𝒀 𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑𝒑 = 𝑵𝑵𝑵𝑵. 𝒐𝒐𝒐𝒐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 × % 𝒐𝒐𝒐𝒐 𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇𝒇 𝒔𝒔𝒔𝒔𝒔𝒔 × 𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌𝒌 𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘𝒘

No. of flowers:
• A game of number and quality: Identify your spur populations and aim for a balancing approach. 

Keep in mind that flowers are formed during the previous summer and that their quality largely 
depend on the pest, nutrient and irrigation management.

% of fruit set:
• Bloom is just the beginning.

• We have little control on the weather once we establish an orchard. However, we still have a big 
influence on fruit set by promoting tree health and reducing fruit drop.

Kernel weight:
• Help the tree to do its job: Harvesting light and producing CHO. Supply the horticultural inputs 

(nutrient, water, IPM) at the right time and at the right amount for the tree to perform at its highest 
efficiency.



19

Acknowledgements

• Especial thanks to the following UC Davis Team:
– Bruce Lampinen 
– Ted DeJong 
– Patrick Brown
– Emilio Laca
– Maciej Zwieniecki

• And to my former international collaborators:
– Sergio Tombesi
– Daniela Valdebenito 
– Eduardo Fernandez
– And many more!



20

Thank You
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Inner work of 
Almond tree
1 2 / 0 8 / 2 1  /  M a c i e j  Z w i e n i e c k i  a n d
P a u l a  G u z m a n  D e l g a d o  



22
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>99% of plan t m aterial is bu ilt from  th ree m ain  elem en ts.

C arbon  C           H yd rog en  H            O xyg en  O

(CH2O)n- carbohydrates (sugars)



24 Where does all that CH2O come from?

PHOTOSYNTHESIS
Photosynthesis is the process by which plants 
capture the energy in sunlight and convert it to a 
biologically usable form.

The energy is stored in carbon bonds created 
during photosynthesis and liberated during 
respiration.

Carbohydrates  + Oxygen
(H2O) (CO2) (CH2O)

n

(O2 )

Photosynthesis

Respiration

Solar energy
absorbed by
chlorophyll

Chemical energy
To build and repair

Water  +  Carbon dioxide



25

• Carbohydrates provides energy for maintenance, growth, defense, 
and reproduction (yield)

• Carbohydrates are only being produced during day (sunlight) and 
only when leaves are on the trees but used 24 hour a day and 365 
days a year.

• Non-Structural Carbohydrates (NSC) are the tree’s liquid assets -
‘currency’ they are in two forms (1) soluble sugars and (2) starches.

• Soluble carbohydrates can be considered as ‘cash’ that flows around 
the tree. Starch is the ‘currency’ saving account. 

• Trees continuously measure soluble sugar levels (measure cash in 
hand), and supplement it from starch (savings) or recharge savings if 
it has overflow of sugar (cash). 

• NSC level has to be maintained to allow trees to survive and 
recover after non-photosynthetic periods: daily (night) and 
seasonally (dormancy)

Soluble sugars

respiratio
n
growth

defense

Reproduction (yield) 

Physiology of carbohydrates
management in nut trees

Starch

PHOTOSYNTHESIS
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Orchard management focus is on 
facilitating photosynthetic activity:
• irrigation
• Fertilization
Boosting amount of carbohydrates

and protection from:
• insects
• pathogens
• Diseases
Reducing cost of defense

We hope that our effort will increase 
available NSC and they will be used to 
increase yield.

But, 

Respiration is temperature 
dependent – We can not do 
much about it

Growth is the function 
available NSC, space, 
physiological needs
- Usually, we can not tell plant 
how to grow - yet

Investment in reproduction is a 
function of initiated embryos, 
NSC availability and evolved 
redistribution function –
Again, we have very little 
impact on forcing plant to 
change its evolved behavior -
yet

Knowing when and how plant makes decision on its NSC investment can 
provide means to increase orchards productivity
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So, what we know so far – WHERE - most NSC is in the spur bearing twigs
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So, what we know so far – WHEN – NSC content varies seasonally 

Dormancy

Growth and fruit development Postharvest

Fruit maturation

Fall NSC
recovery

Summer NSC
minimum

Winter NSC
loss
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Fall NSC
Recovery
Sugar to
StarchSummer 

Starch to 
Sugar

Winter 
Starch to
Sugar

So, what we know so far – inner works – Starch to sugar conversion

Dormancy

Growth and fruit development Postharvest

Fruit maturation
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So, what we know so far – DO NSC MATTER? – YES 
High levels in February are associated with higher yield – healthy bloom

Low levels in May are associated with higher yield - use of NSC to avoid ‘drop’

Low levels in August are associated with higher yield - use of NSC to fill



31

So, what we know so far – DO NSC MATTER? – YES 

February
Total cost of flower = dry weight + respiration = 16-20 mg of sugars
NSC storage per cm ~10 mg or 80 mg per 1g of DW
~2-3 cm of twig is need for for each flower
High NSC = high yield

January
High level of sugars in January is 
correlated with high level of nectar
in flowers in February and high yield

May
Low levels of sugar – risk taking = high yield – potentially investing 
in growth and reproduction with low reserves for defense  

August
Low levels of sugar = high yield – investment in structure and 
yield while risk taking. 
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So, what we know so far – NSC and bloom
NSC and specifically soluble sugars respond temperature during winter – temperature 
change the  respiration rates and affects transformation rates between sugar and starch. 
Together NSC can form an internal clock of dormancy progression and be used to asses the 
rediness of trees to bloom.
A beta (research) version of the clock is available at: https://zlab-budbreak-
model.herokuapp.com/
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How does it work – working hypothesis for high yield

High initial reserves

Winter - Bloom Summer Post-harvest

Low loss during winter (chill)
High sugar in wood

Risk taking - Very low 
reserves level Recovery of reserves

What can we do?
Management
Treatments reducing respiration?

water stress in the fall?
whitening of the bark?
chemicals?

Selection for high reserve?
high amount of parenchyma cells?
slow end of summer growth?

What can we do?
Management

Reduce stress – under stress 
tree generate reserves in lieu 
of growth and reproduction
Maintain high photosynthetic 
capacity

Selection for risk taking?
no formation of reserves 

What can we do?
Management

Allow for reserves recovery
Maintain photosynthetic 
capacity
Enforce low stress to stop 
growth and stimulate reserves 
formation

Selection for risk taking?
select for early growth stop?
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To learn more or help in research by providing almond samples
Please visit Carbohydrate Observatory website
https://psfaculty.plantsciences.ucdavis.edu/plantsciences_faculty/zwieniecki/CR/cr.html

Science

• Determination of management practices on carbohydrate 
metabolism and physiology 

• Characterization of thermal/drought/biotic stresses on tree 
carbohydrate management/storage

• How to manage orchard for NSC?
• Modeling yield, and bloom time for orchards in specific locations for 

current weather

Applications

• Characterizing specific varieties of NSC based performance (yield) in 
relation to environment, management, salinity etc. 

• Near real-time information on NSC orchard status to assist in 
management especially during postharvest and dormancy periods

• Provide information for precision physiology based agriculture 

https://psfaculty.plantsciences.ucdavis.edu/plantsciences_faculty/zwieniecki/CR/cr.html
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Thank You
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How Your Trees Work Under 
Adequate Water Supply and 
Deficit Supply

D e c e m b e r  8 t h ,  2 0 2 1  

M a e  C u l u m b e r



37

Low precipitation levels in 2020-2021
P r e c i p i t a t i o n  a b o v e  t h e  S a n  J o a q u i n  r i v e r  d r a i n a g e  1 9 8 1 - 2 0 2 1
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Drought and heat impacts fruit quality and yield
S o m e  g r o w e r s  r e p o r t e d  l o w e r  k e r n e l  w e i g h t s  i n  2 0 2 1

Assoc iation  w ith  above averag e tem peratu res in  sprin g  an d  su m m er?
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Drought and heat impacts fruit quality and yield

h ttp s://th ealm on d d octor.com /red u ced -k ern el-size-20 21-h arvest/

•Heat induced plant stress 
reduces photosynthesis and 
carbohydrate production
•Carbohydrates are needed 
for plant growth and fruit 
development
•Some growers reporting low 
kernel weights, 28-30/ounce
in 2021 despite adequate 
water
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Frequent calls in early 
summer
• Ye l l o w i n g  l e a v e s  a n d  d ro p p i n g  

l e a v e s  i n  t h e  l o w e r  c a n o p y,  
s o m e  l i m b s  d y i n g  b a c k  

• L i ke l y  c a u s e  a  c o m b i n a t i o n  o f  
fa c t o rs  re l a te d  t o  h e a t  a n d  
wa te r  s t re s s ,  c a n o p y  s h a d i n g ,  
a n d  h u m i d  c o n d i t i o n s  i n  t h e  
l o w e r  c a n o p y  

• o rc h a rd s  o f te n  h a v e  p ro b l e m s  
w i t h  p o n d e d  wa te r  a t  t h e  
s u r fa c e
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• Drought decreases surface water availability 
and increases demand on groundwater

• Decreased flow rates raises water 
temperature, elevates salt concentrations 
and other chemical and biological 
characteristics of the water

• May impact application rate and 
distribution uniformity as well as soil salinity 
levels and infiltration

Drought impacts water supply
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Irrigation system 
problems
• S m a l l  m i c r o - e m i t t e r s  

o p e n i n g s  h i g h l y  s u s c e p t i b l e  
t o  c l o g g i n g  a n d  l e a k s

• R o u t i n e  i n s p e c t i o n  a n d  
m a i n t e n a n c e  i s  e s s e n t i a l
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Irrigation System Evaluation and Maintenance 

P h oto: D . Zac c aria

• Micro irrigation systems are highly efficient but almost all will have varying distribution uniformity (DU) across the block
• Untreated water quality problems will make things worse
• Professional system evaluation recommended every 2-3 years
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Cumulative differences in application within a block  
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Evaluating Irrigation Water Quality
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A typical well water analysis for eastside SSJV

• H i g h  p H  a n d  
b i c a r b o n a t e ( a l k a l i n i t y )

• L o w  E C
• H i g h  C a  ( h a r d n e s s )
• L o w  N a  a n d  C l
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Water has low EC and low sodium but visible salt 
damage and elevated levels in tissue analysis
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High temperatures = high evapotranspiration and 
accumulation of salts 
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Salinity Reclamation Timeline
N o v e m b e r :  
S a m p l e i r r i g a t i o n  w a t e r  a n d  s o i l  f r o m  1 ’  t o  5 ’  D e t e r m i n e  
E C ,  p H ,  N a +   ( S A R ) ,  B  
C a l c u l a t e  a n d  a p p l y  s o i l  a n d / o r  w a t e r  a m e n d m e n t s i f  
n e e d e d
C a l c u l a t e  d e p t h  o f  r e c l a m a t i o n :  D e t e r m i n e  d e p t h  o f  w a t e r  
( i n c h e s  p e r  f o o t  d e p t h  s o i l )  n e e d e d  t o  a c h i e v e  d e s i r e d  
s a l i n i t y
D e t e r m i n e  t i m e l i n e  f o r  c o m p l e t i n g  l e a c h i n g  p r o g r a m  
N o v e m b e r  t o  F e b r u a r y :  
L e a c h  i n  d o r m a n t  s e a s o n
1 s t f i l l  p r o f i l e  t o  f i e l d  c a p a c i t y  ( 3 - 6  i n c h e s  o v e r  3 - 4  d a y s ) ,  
t h e n  2 - 4  d a y s  d r a i n a g e … . . t h e n  b e g i n  l e a c h i n g  a p p l i c a t i o n s
F e b r u a r y :  
R e - s a m p l e i r r i g a t i o n  w a t e r  a n d  s o i l  f r o m  1 ’  t o  5 ’  t o  
d e t e r m i n e  e f f e c t i v e n e s s  o f  a p p l i e d  l e a c h i n g  a n d  s t a r t i n g  
p o i n t  f o r  g r o w i n g  s e a s o n  
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Adaptive approaches to water shortage

• Water budgeting 
• Soil moisture and plant water status monitoring 
• Regulated deficit irrigation
• Improved distribution uniformity with routine maintenance
• Winter reclamation for salts in the rootzone
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Thank You
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One Sacramento 
Valley Perspective

D e c .  1 2 ,  2 0 2 1 :  H o w  Y o u r  T r e e s  W o r k  U n d e r  
A d e q u a t e  W a t e r  S u p p l y  a n d  D e f i c i t  S u p p l y

L u k e  M i l l i r o n
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55 West Side Problems

• You may have water, but how clean is it?
• Trees exceeding toxicity levels for Cl

• Has the shoe dropped yet?

• Runoff instead of infiltration
• Refilling the soil profile: Long road to go… 



56 Winter Irrigation: Month by Month

• Track rainfall and compare with average
• Substitute irrigation for rainfall shortages on 
a monthly basis



57 Continuum: Plant Water Status
1.0  
F u n dam en tal 

2.0  
In term ediate 

3.0  Advan ced

V isu al p lan t 
c u es 

P re-irrig ation  
or b iw eek ly

P ressu re 
c h am b er

P re-irrig ation  
or m on th ly

P ressu re c h am b er

P re-
irrig ation /w eek ly

C om p are 
read in g s to 
b aselin e

D eterm in es start 
of season  / h u ll almonds.com/irrigation

95% 30%
27%
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Water status has huge 
growth, yield, and tree 
health  consequences!

$$$

Growers report 
$10-20 per acre 

cost annually
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80% 64% 48%

Tim e 
period

L oss on  8 0  
acres for 
each  1 bar 
of stress

L oss on  8 0   
acres for 4  
bars of 
stress

1 year $13,8 60 $55,4 4 0

8  years $110 ,8 8 0 $4 4 3,520

Potential revenue 
loss from stress 
during canopy 
development

B ru ce L am p in en

-8 bars -12 bars -16 bars
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61 More variation in tree size when over-irrigating
• Small trees suffer 
• If you under irrigate slightly, larger trees grow more slowly, 

and orchard becomes more uniform

B ru ce L am p in en
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Automated Water 
Potential 

e.g. FloraPulse

• Good agreement with
pressure chamber

• Representative tree? 
• Unknown cost efficacy 

vs. pressure chamber



63 Soil Moisture



64 For more information: 
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• Contact your local orchard or irrigation advisor
• SacValleyOrchards.com & SJVTandV.com
• GrowingTheValleyPodcast.com

For more information: 

Craig Ledbetter 
on the USDA 

breeding 
program

Irrigation 
Management 

with David Doll

Field 
Evaluation of 

Almond 
Varieties

The Dangers of 
Irrigation Leaks
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Available for CDFA CEU credit 
Google: “CDFA Continuing Education”



67 For more information: 
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alm on d s.com /irrig ation



69 Action Steps vs. Flying Blind 

1. Winter: Pray for gentle rains… 
2. Winter: Substitute irrigation for rainfall shortages 
3. Pressure chamber for…

• starting season, weekly trigger, regulated deficit
4. Not going to use the pressure chamber?  

• automated water potential, or at least use soil moisture
5. Test water quality and take leaf samples (including Cl) 



70

Thank You
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