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Motivation
Interactions between plant roots and soil are im-
portant for several agricultural problems since
root water and nutrient uptake behavior have a
crucial influence on soil physical processes. To
understand these processes, we developed a
model approach that couples water flow inside
the root system with three-dimensional water flow
and solute transport in the soil [1]. We used the
model to investigate transpiration reduction pro-
cesses due to soil salinity [2].
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Model concept
Our model couples three-dimensional soil domain with an one-dimensional net-
work grid. Soil water flow is defined by Richards equation, root water flow by
the approach of Doussan [3], and solute transport by convection-dispersion
equation.

Soil Water Flow
Three-dimensional Richards equation:
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Boundary conditions:
Transpiration rate or pressure
head at root collar

Coupling
Sink term definition:
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Soil pressure head:
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Soil Solute Transport
Three-dimensional convection-dispersion equation:

∂ (θc)
∂t

= ∇ · (θD∇c) − ∇ · (θuc) − S ′c,

with
Di j = λT‖u‖δi j + (λL − λT)
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Stress definition
When the collar pressure head reaches Hcrit

collar = −15000 , the BC at the root col-
lar switches from a flow BC (potential transpiration rate) to a pressure head BC
with a constant head of Hcollar = − 15000 cm. After this switch, the actual tran-
spiration rate Tact is reduced compared to the (applied) potential transpiration
rate Tpot.

Numerical experiments
Simulation setup

soil column 4.5 x 4.5 x 10 cm
filled homogeneously with clay loam
single lupine plant root (Kx , K∗r )

initial pressure head hinit = −1000 cm
various inital concentrations
various constant potential transpiration rates
no flow condition boundary condition at all
faces
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Water potential at the soil-root interface
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Stress reduction under constant po-
tential transpiration rates are linearly
linked to the total local water head
(sum of matric, gravimetric and os-
motic head) at the soil-root interface,
which is consistent with the macro-
scopic model of Couvreur [4]:

α =
Tact

Tpot
=

Krs
Tpot

 M∑
j=1

Hs, jS S F j − Hcollar


This approach is additive in terms
of water potentials, but separation of
pure water or salt stress response is
not possible.

Water potential in the bulk soil
Using average bulk water heads leads to differences in the transpiration re-
sponse to bulk soil water head dependent on the osmotic and matric head gra-
dients in the root neighborhood.

0 2000 4000 6000 8000 10000 12000 14000 16000|

H

|

[cm]

0.0

0.2

0.4

0.6

0.8

1.0

α
[−
]

0 2000 4000 6000 8000 10000 12000 14000 16000

|H

|

[cm]

0.0

0.2

0.4

0.6

0.8

1.0

α
[−
]

a) b)

≈[hPa] ≈[hPa]

Outlook
salinity stress functions:
sensitivity analysis on the parameters affecting the shift between bulk and root-
soil interface by using 1D apparent data

new implementation:

include model approach into the framework , an open-source simu-
lator for flow and transport processes in porous media [5]
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