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Droughts in the Western US
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Drought stress and emboli
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Embolism Fatigue

Damages the pits and makes them
“leaky” to the spread of emboli

More vulnerable to future droughts
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Knowledge gap

* Most studies only focus on plant response of a single drought
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Knowledge gap

* Most studies only focus on plant response of a single drought
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Main Questions

* How do recurrent droughts affect tree xylem and
drought responses?

 How does the hydraulic system change across multiple
years to impact hydraulic function and tree drought
responses?



* Need a new method to measure hydraulic function as it ages

* Already have methods to measure hydraulic function but are
limited and cannot measure age differences in the same branch



Measuring hydraulic function




Measuring hydraulic function




Measuring hydraulic function
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Conductivity &  Vulnerability
Curves Curves

Hydraulic measures result in two complimentary sets of data
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Conductivity &  Vulnerability
Curves Curves

Hydraulic measures result in two complimentary sets of data
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Limitations

» Works great for measuring
hydraulic conductivity and
vulnerability of a stem




Limitations

» Works great for measuring
hydraulic conductivity and
vulnerability of a stem

* But this is done on the entire
cross-sectional area of the stem




New Method

Measures individual “bins”
of rings

Measures function as xylem ages

How vulnerable and how
conductive eachring is
within a single stem

“>3"= All rings older “2-3"=2nd and 3rd
than 3 years newest rings

“All” = All Rings

“New” = Newest ring




New Method

Step 1: Measure conductivity of all rings (K_ )

K =Kof “All"

Step 2: cover rings older than 3 years with superglue
measure conductivity (K. )

K, -K _=Kof">3"

Step 3: apply glue to 2 additional rings, covering all but the newest ring
measure conductivity (K__ )

“>3"= All rings older “2-3"=2nd and 3rd
than 3 years newest rings

“All"= All Rings

“New" = Newest ring

K.-K =Kof“2-3"

1-3 outer

K =Kof“New”

outer
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“All"= All Rings >3"= All rings older 2-3"=2nd and 3rd New”= Newest ring
than 3 years newest rings
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All within one stem!
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With this method we can now address...

* How do different aged rings differ in their ability to resist
embolism?

* How do different aged rings differ in their ability to conduct
water?

* How do trees from different drought regimes change in their
hydraulic structure and function?



case study with 5 aspen populations

Previous work comparing between populations along climatic gradient :

Dry sites = more vulnerable to emboli

Kerr et al. 2023. New Phytologist



A case study with 5 aspen populations

Previous work comparing between populations along climatic gradient :
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A case study with 5 aspen populations

Previous work comparing between populations along climatic gradient :

Dry sites = more vulnerable to emboli

Kerr et al. 2023. New Phytologist



__________________________________

Study Sites

Salt Lake City
o

Provo

 Uinta (Ul)

» White River (WR)

* Uncompahgre (UC)
« San Juan (SJ)
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Google Maps



Sample collection

Trembling Aspen (Populus tremuloides)

Used forked branches
- one branch used for dye perfusions
- one branch used for hydraulics




Do we see differences between different aged
rngs?



Conductivity results across rings
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Conductivity results across rings
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Conductivity results across populations
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Vulnerability curves across rings

“New"” = Newest ring

newest rings
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Vulnerability curves across rings
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Vulnerability curves across populations
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Why do we see differences in the amount of
conductivity in each ring?



Vessel diameter?

* Larger vessel diameters= less
resistance to flow, more water
conductance

* conductivity related to VD*




Vessel diameter
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Vessel diameter
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Vessel diameters between populations

There were differences between populations.
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Vessel diameters between populations

There were differences between populations. Supports differences in conductivity findings.
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Vessel diameters between populations

There were differences between populations.

30

a ab c bc bc
—_~ 28 ] ;
=
. i
S 26 1 ®
-a-s 26
= i
©
©
5 2 l ?
% T
1
()
>
22
20
[ | [ [ [
DX SJ uc WR ul
Population

Fickle et al. 2025. New Phytologist.

Wet

Population:
@ Uinta
@ White River
© Uncompahgre
O San Juan
O Dixie

Supports differences in conductivity findings.

Ki(kg s'MPa'm™)

2.5 -

0.0

==

Xylem tension




Vessel diameters & Freeze-thaw embolism

Annual days below freezing (days/year)

240 —

230

220 —

210 —

200 —

190 —

180 —

DX

Population

Freeze-thaw

Function of:

-- vessel size
-- Xylem tension
-- thaw rate

Fickle et al. 2025. New Phytologist.



Vessel diameters & Freeze-thaw embolism
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Vessel diameters & Freeze-thaw embolism

Vessel Diameter (um)
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Vessel diameters & Freeze-thaw embolism
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How do these hydraulic measurements
compare to active xylem area?



Active xylem

Dye Perfsions
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Dye Perfusions across rings

“>3"= All rings older “2-3"=2nd and 3rd
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Ring Level Differences

* Do different aged rings transport water differently?
* Old rings= conduct less water
* New rings= conduct more water



Ring Level Differences

* Do different aged rings resist embolism differently?

* Old rings= more vulnerable to embolism at average conditions
* New rings= more resistant to embolism at average conditions



Ring Level Differences

* Why are there differences between the rings?

* Not due to vessel diameter differences, but likely due to damages
* Old rings had significantly less active xylem



Population Level Differences

* Wettest site- More resistance to embolism
* Driest sites- More vulnerable to embolism
- dry sites experiencing some kind of damage
* Differences in vessel diameter and the amount of conductivity









Wood anatomy type

Coniferous

Ring-porous

Diffuse-porous

The Wood Database
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“>3"= All rings older "2-3"=2nd and 3rd
than 3 years newest rings
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In all wood types, newest ring had
higher conductivity than rings >3
yrs
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“>3"= All rings older "2-3"=2nd and 3rd
than 3 years newest rings
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Conductivity
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Conductivity
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Conductivity
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Different wood anatomies retire
their rings at different rates



Same General Patterns in different wood
anatomical types

« Does wood age differently by wood anatomy types in
conductivity and vulnerability?

* Yes, patterns of hydraulic deterioration with age, but with differing rates
between wood types
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Looking for Data!
‘jaycie.fickle@tum.de ‘

Objective: determine Intra-annual and
inter-annual anatomical plasticity
across a species range

Anatomical images / ROXAS files
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