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➢ In vascular plants, water flows along decreasing gradients of pressure (Ψp) or total water potential (Ψtot).

➢ It was occasionally observed that water flowed along increasing gradients of water potential across roots (Miller,

1985; Enns et al., 2000; Rowan et al., 2000; Bai et al., 2007).

➢ By combining micro-hydrology modeling with cell solutes mapping data, it was suggested that osmotic potential (Ψo)

gradients across living cells may generate a complementary driving-force that is missing in the current paradigm of
water flow across roots (Couvreur et al., 2021). This gradient may act as an active water pump.

Tact, transpiration; Krs, hydraulic conductance; σ, reflection coefficient;

Ψo, osmotic potential; Ψ p, pressure potential; LA-ICP-MS, Laser

Ablation - inductively Coupled Plasma - Mass Spectroscopy

The Plant Water Pump

Soil water potential Ψp

Measured continuously by TEROS 21

Under severe drought, (i) root bulk Ψo decreased rather than xylem Ψo ; (ii) lower xylem Ψtot (-1.3 MPa)
was not enough to explain what allows the inflow of water from the soil (Ψtot <-1.5 MPa)

Ψo in soil Ψo in roots Ψo in xylem sap
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Leaf xylem water potential Ψtot

Measured continuously by in situ psychrometers

Soil Xylem

LA-ICP-MS

From the microscale, water

flows across plasmodesmata

“downhill” of Ψp gradients,

so that more turgid cells with

a more negative Ψo may

pump water into xylem,

“uphill” of macroscale Ψp &

Ψtot gradients (xylem vs soil).
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