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Current model representations of root water and solute uptake often use
simplified approaches (including regulatorily used models such as PEARL)

e spatially static root water uptake distribution
* no interaction between root and soil system

* lumped description of solute uptake (e.g. plant uptake factor PUF,
transpiration stream concentration factor TSCF)

from the PEARL manual
Ru,p = Ru,L fu CL

with: R,p = Vvolumetric mass rate of pesticide uptake, kg m= d-
R,. = volumetric volume rate of water uptake, m3 m=d*
f, transpiration stream concentration factor, -
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Yet advanced concepts are available which allow to describe the relevant processes
more mechanistically
* roots as hydraulic system driven by water potential gradients
* interaction between root and soil system concerning growth and exchange of
water and chemicals
* mechanistic description of root solute uptake
e active uptake (Michaelis-Menten kinetic)
» diffusive uptake via bio-membranes (solubility-diffusion theory, e.g. Trapp,
2004%)
e advective uptake (membrane leakage)

- development of the RoSI** model based on the existing R-SWMS model at
Forschungszentrum Julich in collboration with Bayer AG

*Trapp, S. 2004. Plant Uptake and Transport Models for Neutral and lonic Chemicals. Environ Sci & Pollut Res 11 (1) 33 — 39
*WWW.rosi.science
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- ,Automatic"” adjustment of water uptake over
the root system due to local soil water
availability and local root hydraulic conductivity
- Hydraulic redistribution possible
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Membrane permeability P and solute uptake

P=K-D/AXx

K partition coefficient membrane /water (usually approximated by Kow)
D diffusion coefficient across membrane
Ax membrane thickness

— permeability is essentially a function of lipophilicity (and molar weight)

Jup = P- (Cw soil = Cw root)
]g;gﬂgg C,, concentration in liquid phase
endodermis jup solute flux across interface soil-root
vascular — solute flux can be in both directions

tissue

driven by concentration gradient

Cross section of a root
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High and low membrane permeability of chemical

root membrane

———Cwroo——— ‘/\_/\

CW soil .
soil
CW
_ 5 low permeability
high permeability « substance taken up slower than advective uptake
* substance taken up as fast as water « larger gradients

* small gradients e accumulation in rhizosphere
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RoSI is a further development of the RSWMS software

(sor ) [ Pant Roor |

| Root collar

fully coupled
ﬁu
4
Soil watgr flow and so!ute transport _ _ _ Representation of root by discrete segments
* 3-D Rlchards eqL{atlon anfj convection-dispersion « different hydraulic conductivites
* Freundlich sorption and first order decay axial/radial and young/old roots
Numerical implementation of solute transport * growth
 particle tracking in both soil and root (to be * advective solute transport, adsorption,

able to handle steep gradients) and first order decay

* coupling of both systems is complex and
numerical implementation is a challenge
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Exploration of effective parameters for plant uptake (PUF, TSCF) as used in 1-D regulatory models
(e.g. PEARL)

jup = jw -f- CWsoil

Uptake factor f

TSCF = CX/CW soil # PUF = Cupt/CW soll

« C, solute concentration in plant shoot
« j,, root water uptake flux

« C —% ratio of cumulative mass to cumulative water volume uptake

Vupt
¢ PUF plant uptake factor
« TSCF transpiration stream concentration factor

upt =

Aim: Gain understanding of the dynamics and dependencies of root
solute uptake and their representation by TSCF and PUF
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Parameterisation

Soil:

* no flux boundaries

* no soil sorption

* Cusiini=1mgecm3att=0

 domain: 2.25 *2.25 * 10 cm?3
with Ax=Ay=Az=0.25cm

Root:

e static root system (age 2 days) <":/A

* T,,e= 0.71 mm day?!

e P =5.62*102%cm day! (low permeability) Uptake processes:

* nosorption in root system « diffusive and via membrane leakage with
* Cyroot,in=0mgem=att=0 leakage factor €

ln =P (C, i - C + i .--C. .
e 2 days simulation time Jup (Cuw soit = Cwroot) + Jw w soil
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= Simulations |
Results for reference case and parameter combinations studied

reference case

C soil (M L-3)
P £ [ Too
[cmday?] |[-] |[mm day”]
N —1.08
E 1 5.62e-2 0.0 0.71
1.04
2 ¢ ¢ 0.04
1
3 ¢ ¢ 1.71
§260e-01
4 ¢ 0.5 0.71
Q axial [Lg_Ts_(;]oe_m 5 (s 1 .0 (s
03 6 2.69e-3 0.0 ¢
7 1.18 ¢ ¢
0.2

MHHH\HH\HHHHM
=

1.999e-03

Day0O Dayl Day 2
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Simulations |
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j
PUR(t) = LTt/ Vapes
Cwsoil(ti)
Cx (t;
TsCr(t,) = —
Cwsoil(ti)

Cy taken at root collar
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First simulations using the FOCUS groundwater scenario Hamburg with dummy compound B, maize crop

B

A
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Depth 0, 0, a n m Keat A Ps oC| Kp*
cm?
cm mim3| mim3 m?* - -| *10°ms? gcm? % gt
Hamburg
0-30 0.391| 0.036| 1.491| 1.468| 0.3188 2333 05 1.5 1.5|1.545
30-60 0.370| 0.030| 1.255| 1.565| 0.3610 31.67| 05 1.6/ 1.0]1.030
60-75 0.351| 0.029| 1.808| 1.598| 0.3742 2833| 05 1.56| 0.2]0.206
75-90 0.310| 0.015| 2.812| 1.606| 0.3773 2833 05 1.62 0| 0.0
90-105 0310 0.015| 2.812| 1.606| 0.3773 2833 05 1.6 o] 00
Planting Emergence Senescence | Harvest Root depth
§< dd/mm (doy) | dd/mm (doy) | dd/mm (doy) | dd/mm (doy) | m
v Hamburg | 20/04 05/05 21/08 20/09 1.0
(110) (125) (234) (264)
Root properties for solute uptake
Parameter Unit Value
Lipophilicity * logKow [-] 1.41 .
. > .
Permeability ** P [cm/day] 13.44 i hl_gh PI (? 18 cm/d
Lipid content ** LM Mg 0.02 in simulation 1)
soll layer Water content ** Br [cm’ cm?) 0.942
! 2 3 4 5 Advective uptake fraction ** | € [-] 0.05
— Root sorption coefficient ** | Kpr [cm g Y 0.298

*Seth et al. (1999), **Trapp (2000)
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Simulations 11

Root hydraulic properties

Maize rootsystem | . | | |

REGIEINS o [I[aiA/ [ Age O - 10 days Age 10-16 days Age >16 days
(cm dtlcm)

0.00181 0.00181-0.000173 0.000173
0.181 0.181-0.0173 0.0173
0.181 0.181-0.0173 0.0173

Axial conductivity Age 0-10days Agel10-16days Age >16 days
(cm4dtcm?)

0.0432 0.0432 0.0432
0.0432 0.0432 0.0432
0.0432 0.0432 0.0432
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Results for water content and radial conductivity
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Results for pressure head and water uptake
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Results on solute transport

.... currently under evaluation
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<= Summary and Conclusion

 We implemented diffusive solute uptake as suggested by e.g. Trapp
(2000) in a 3D multidimensional and dynamic root — soil model

* It could be shown that for a small, quasi-static system comparable to
the situation in a hydroponic test system both uptake factors, PUF and

TSCF reached a constant value after relatively short time

 The values of PUF and TSCF obtained were found to depend on
membrane permeability and transpiration (and leakage factor)
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* First simulations of a real-world scenario (FOCUS gw Hamburg) revealed a
good reproduction of the soil hydraulic conditions and illustrated the ability
of RoSl to model the spatially variable root water uptake of a realistic root
system with root age/order dependent properties

* Next steps will be thorough evaluation and analysis of solute transport
especially considering effective uptake factors and their behaviour

e ...and further applications over longer time-periods and with different
compound properties, crops, and environmental scenarios
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BAYER

Forward-Looking Statements

This website/release/presentation may contain forward-looking statements based on current assumptions
and forecasts made by Bayer management.

Various known and unknown risks, uncertainties and other factors could lead to material differences
between the actual future results, financial situation, development or performance of the company and the
estimates given here. These factors include those discussed in Bayer’s public reports which are available
on the Bayer website at http://www.bayer.com/.

The company assumes no liability whatsoever to update these forward-looking statements or to conform
them to future events or developments.
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