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River flow from 

high to low places;

Uphill movement 

of water in plants
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At root micro-scale level

Couvreur et al., 2018, Plant Physiology
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What scientists observed

How water flow should be

Enns et al., 2000
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Couvreur et al., 2018, Plant Physiology



Building a water pump from scratch:

- 3 cells, i.e., cortex, endodermis and stele

- A cellular Ψos gradient  (Enns et al., 2000)

Cell Ψp decreases to the right but cell Ψtot increases to the right
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Building a water pump from scratch:

- 3 cells, i.e., cortex, endodermis and stele

- A cellular Ψos gradient  (Enns et al., 2000)

- An apoplastic barrier
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Building a water pump from scratch:

- 3 cells, i.e., cortex, endodermis and stele

- A cellular Ψos gradient  (Enns et al., 2000)

- An apoplastic barrier

- Plasmodesmatal connections

Water flow is pressure-driven in plasmodesmata 11



Building a water pump from scratch:

- 3 cells, i.e., cortex, endodermis and stele

- A cellular Ψos gradient  (Enns et al., 2000)

- An apoplastic barrier

- Plasmodesmatal connections

Pump “upgrade” 

with suberin 

lamellae

Couvreur et al., 2021, bioRxiv

Osmotic potential gradient between root cell layers could be the driving 
force of water flow. 12
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⚫ Does water flow go from low to high Ψtot?

⚫ Does the osmotic potential gradients exist?

⚫ Is there missing driving force for water flow?
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⚫ Does water flow go from low to high Ψtot?

⚫ Does the osmotic potential gradients exist?

⚫ Is there missing driving force for water flow?



⚫ Does water flow go from low to high Ψtot?
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Maize @ greenhouse Tomato @ phytotron



16

-0.7MPa

-0.8MPa

-1.3MPa

ΨTot in soil ΨTot in xylem

X
y
le

m
 w

a
te

r 
p

o
te

n
ti
a
l 
(M

P
a

)



17

Treatments ΨSolution osmotic Ψxylem

Control -0.05 0~-0.05

NaCl_mild stress 5 g/L -0.45 -0.2~-0.5

NaCl_severe stress 10 g/L -0.7 -0.75~-1.0

PEG_mild stress 168 g/L -0.27 -0.4~-0.5

PEG_severe stress 236 g/L -0.84 -0.75~-1.0

In tomato
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⚫ Does water flow go from low to high Ψtot?

⚫ Does the osmotic potential gradients exist?

⚫ Is there missing driving force for water flow?
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Bulk root cells osmotic potential

Ctrl    Mild  Severe

Maize Tomato
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Osmotic potential in different cell layer

Micro-sampling from each cell layer Cell sap osmotic potential is measured by pico-osmometer
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Osmotic potential in epidermis and cortex cells under control and NaCl treatments



Signals: 
Ca2+ | K+

100 µm100 μm

LA-ICP-MS
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Tomorrow @ 3pm @ Lecture Theatre 5 

@ Noémie Thiébaut 
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⚫ Does water flow go from low to high Ψtot?

⚫ Does the osmotic potential gradients exist?

⚫ Is there missing driving force for water flow?
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𝑻𝒄𝒂𝒍 = 𝑳𝒑𝒓 × (𝚿𝒔𝒐𝒊𝒍 −𝚿𝒙𝒚𝒍𝒆𝒎 + 𝝈𝚫𝚿𝒐,𝒂𝒑𝒐 −𝝈𝜟𝜳𝒐,𝒔𝒚𝒎)𝑻𝒂𝒄𝒕

???



Tomorrow @ 4pm @ Lecture Theatre 5
@ MARCO D’AGOSTINO 



Summary and Perspectives

• We do observe that water may go from low water potential in 
soil and to high one in xylem vessels;

• Preliminary results indicate that there was osmotic potential 
gradient in different cell layers (epidermis vs cortical);

• Inverse modeling will tell us if there is missing driving force of 
water flow.
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