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Supplementary Material

S.1. INTRODUCTION

This Supplementary Material summarizes our model equations and solution method. Additional
details, including justifications of model assumptions, are available in the Supplementary Material
for Foster and Miklavcic|(2017) and the Supplementary Data for Foster and Miklavcic| (2015]).

The model root cylinder is discretized in the axial and radial directions to create annular
cylinders that are the height and width of a single cell. Each of these annular cylinders (referred
to as an ‘element’) is designated by a discrete coordinate (v, j), where: « refers to the radial
tissue type (o = 1 for the epidermis, o = 2 for the cortex, « = 3 for the endodermis, o« = 4
for the xylem parenchyma and o = 5 for the xylem); and j refers to the distance from the root
tip in cell layers (there are a total of 30 cell layers in the axial direction). Each root element
contains multiple cells, with: the epidermis containing 19 cells; the cortex containing 8 cells; the
endodermis containing 8 cells; the xylem parenchyma containing 12 cells; and the immature
xylem containing 2 cells (Dolan et al., [ 1993).

S.2. WATER TRANSPORT

Assuming that the solution density is constant, each tissue is full of liquid, the cells are fixed in
size and the vacuole volume is variable, the mass-balance equations for the apoplastic, cytosolic
and vacuolar fluid simplify to:
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Q“ terms refer to apoplastic water flow rates, (° terms refer to symplastic water flow rates, Q)
is the water flow rate across the plasma membrane of each cell (positive into the apoplast), Q*
is the water flow rate across the tonoplast of each cell (positive into the vacuole), N ff]”“” is the
number of cells in element («, j) and VOZ j is the volume of the vacuole of each cell in each (a;, 7)
element. Superscripts (rad/az) indicate whether the apoplastic and symplastic flows are radial
or axial, while subscripts (in/out) indicate whether these flows are directed into or out of («, 7).

The water flow rates are simulated using nonequilibrium thermodynamics (Foster and
Miklavcic, [2017):
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Qinaj = Aoy Lpiaj (Pa—15 = Paj) - (S4)
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Aa/ S/P/t s the area through which the apoplastic/symplastic/trans-plasma membrane/trans-
tonoplast water transport occurs and L., ; is the relevant water permeability. c Jc/ Y™ is the

concentration of ion n in the apoplast/cytosol/vacuole in element (¢, j), R, is the Universal
gas constant (8.314 ] mol~! K1), T is the temperature and N,y 1s the total number of solute
species contributing to the osmotic pressure (this varies between cellular compartments). p& ;18
the hydrostatic pressure in the apoplast, py, j is the cell turgor pressure, 0" is the solute reflection
coefficient for transport via plasmodesmata, p,, is the density of water, g is the acceleration due
to gravity and [5”; is the height of element («, 7).

The radial apoplastic/symplastic water flow rate out of element («, j) is equal to the radial
apoplastic/symplastic inflow into its neighbor element. Similarly, the axial apoplastic/symplastic
water flow rate out of element («, j) is equal to the axial apoplastic/symplastic inflow into its
neighbor element.

S.3. ION TRANSPORT

The mole balance equations for mobile ions, n (n = Na™, Cl1=, K™, HT), in the apoplast,
cytosol and vacuole of each («, 7) element are given by,

d (Va O > _ g% yrad,n. g% ,rad,n + QAT G8,aT,n + Nccf]l'lss(g:? + Rzéigd,n, (S10)
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Vs éc/ Y is the volume of the apoplast/cytosol/vacuole in (e, j). S™ terms refer to fluxes of solute

n, with superscripts a/s/p/t indicating apoplastic/symplastic/trans-plasma membrane/trans-
tonoplast fluxes. Superscripts rad/az indicate whether the apoplastic and symplastic flows are
radial or axial, while subscripts in/out indicate whether the flows are directed into or out of
(o, 7). Rgfgd’" is the net rate of ion dissociation from the binding reaction with fixed negative
groups that are present in the apoplast. The mole balance equation for cations bound to fixed
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negative ions in the apoplastic compartment of each («, j) element is given by,

o(vecn"
dt - oy ) ( )
where C’Z’?B refers to the concentration of bound cations (HB, NaB, K B).
The trans-plasma membrane fluxes are given by,
p7H p:H p,H p7H . o +
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and the trans-tonoplast fluxes are given by,
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J terms represent the trans-membrane ion fluxes through each type of membrane transport
protein (fluxes are positive out of the cytosol). Superscripts denote the relevant membrane (p for

plasma membrane and ¢ for tonoplast) and ion (H*, Na™, K+, C17). Subscripts

refer to the type

of transport protein carrying the flux: A for HT pumps, X Na for Na™/H™ antiporters, X K for
K*/H™ antiporters, SK for K*/H" symporters, SCI for C1~/2H™* symporters, C' for voltage
insensitive channels, O RC' for K outward rectifying channels (ORCs) and I RC' for K™ inward

rectifying channels (IRCs).
S.3.1 Apoplastic and symplastic ion transport

The fluxes of ions through the apoplast and symplast are represented by an extended Nernst-

Planck equation (van der Horst et al., [1995),

a/en
Sa/s,rad,n . _ka/s,rad,nAa/s,rad Ca/c,n B Ca/c,n 4 ZnCa—l,jF (wa/c . wa/c )
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fa/sradn (pa/s,axny s the radial (axial) diffusive permeability of ion n in the apoplast/symplast,
Z" is the valence of ion n, 1%/ is the electric potential in the apoplast/cytosol and F' is Faraday’s
constant (96 485 C mol~!). The solute reflection coefficient in the apoplast (¢*™) is assumed to
be zero.

The radial outflow of ion n from the apoplast (symplast) of an element is equal to the radial
apoplastic (symplastic) inflow into its neighboring element. Similarly, the axial outflow of ion n
from the apoplast (symplast) of an element is equal to the axial apoplastic (symplastic) inflow
into its neighbor.

The ion permeabilities for each ion, n, were calculated using (Foster and Miklavcicl 2017),

a,n

ka,rad,n _ S18
o (S18)
Da,n
R (S19)
J
poradfarn _ D (S20)
tew

where Dg/ *™ is the effective diffusion coefficient of ion n in the apoplast/symplast, d, is
the thickness of each tissue region and %, is the cell wall thickness (i.e., the length of the
plasmodesmata). D¢ is assumed to equal %n (Foster and Miklavcic, |2017), where D is the
bulk diffusion coefficient of ion n. The effective symplastic diffusion coefficient for each ion n
was determined using Dg”"" = H™ D" where H" is the hindrance factor for diffusion of solute n
through a cylindrical pore (Liesche and Schulz, 2013; |Dechadilok and Deen, 2006), given by,

9
H™ =1+ 2 nyn — 156034y, + 0.52815572 4 1.9152173 — 2.81903~2 + 0.270788~7

+ 11011578 — 0.435933+7, (S21)

where v, is the solute radius divided by the pore radius. The resulting effective diffusion
coefficients for ions in the symplast and apoplast are summarized in Table

The solute reflection coefficients for transport via the plasmodesmata were calculated using
0% =1 — W, (Liesche and Schulz, 2013)), where W is the hindrance factor for convection
through a cylindrical pore (Dechadilok and Deen, 2006), given by,

1+ 3.8677, — 1.90772 — 0-83473) (S22)

W, = (1 -
n=(1=) ( 1+ 1.867y, — 0.74172

The resulting solute reflection coefficients are summarized in Table [S2]
S.3.2 Passive transmembrane transport

Passive Na™ transport is assumed to occur through voltage insensitive channels (VICs), while
passive K™ transport is assumed to occur through VICs, inward rectifying channels (IRCs) and
outward rectifying channels (ORCs).
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The passive flux of ion n (n = Na™, K™ and CI™) through voltage insensitive channels (VICs)
is modeled using the Goldman-Hodgkin-Katz (GHK) current equation (Keener and Sneyd, 2009),

; en  ~ajvn —Z”Azpi{;F
Al |- e (TR ) |
Ca,j — RgT —Z"A1/J§/;F ) ( )
1 — exXp TT’

where Pcp/;? is the permeability of the plasma membrane/tonoplast channel for ion n expressed
per unit area of membrane, AP/t is the initial area of the plasma/tonoplast membrane, and
A@ij/ ; = )¢ — 1)V is the plasma membrane/tonoplast potential difference.

Na™ and K* are assumed to be transported through plasma membrane nonselective cation
channels (NSCCs) in the outer root tissues. The permeability of these channels is dependent on
the external Ca?" concentration (Demidchik and Tester, 2002). This dependence is simulated by
multiplying the maximal NSCC permeability by the following factor (Hills et al., 2012),

(0"

, (S24)
(CC)" 4+ (Knsce)"

D -1 _
PNSCC:a,j =1

where C'“? is the concentration of Ca2t in the external medium, / is a Hill coefficient and
Knscoc is a binding constant.

Xue et al. (2011) demonstrated, using patch-clamp studies, that Na* transport via HKT1;1
in Arabidopsis stelar cells is passive with no strong voltage dependence. As a result, we
used Eq. to model Na™ transport across the xylem parenchyma plasma membranes
via AtHKT]I;1.

We modeled K™ fluxes through voltage dependent channels using the GHK current equation
(Eq. (S23))), with the addition of a term representing the voltage dependence of the channel open
probability,

. K K —AYp F
AWP_po P FAIDP ng - ng’j eXp R—Tj
K _ “a,j1TRC/ORC:qa,j* IRC/ORC:a.j ,j ’ ’ ’
IRC/ORC:a,j RT “AYP F ’
g 1—ex S
P\ —=&,T

(S25)

where PPy, JORC is the IRC/ORC open probability and Prrc/orc 18 the maximal IRC/ORC
permeability. Assuming two state channels (open/closed), the open probabilities are given by
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Figure S1. The four state carrier cycles used to model pumps and symporters. Carrier cycles
are shown for (A) the plasma membrane H" pump, (B) the tonoplast H™ pump, (C) the K*/H™
plasma membrane symporter, and (D) the CI"/2H" plasma membrane symporter. wp/ ¢ refers
to the trans-plasma membrane/trans-tonoplast membrane potentials, E’s refer to carrier states,
while £’s refer to rate constants. Adapted from Foster and Miklavcic (2017).

(Chowdhury and Chanda, 2012),

1
PrrC:a = (526)
1+ exp [ Z" ( Ue, —AwIRC)}
1
P5RC:O¢j = C ) (827)
1+ exp [— T (Azbg’j — Awgffj)}
where Z, [RC/ORC i< the IRC/ORC gating charge and A1/J[RC/ ORC is the trans- plasma membrane

potential at which half the inward/outward rectifying channels are open.

The voltage-dependent gating of K™ ORCs is affected by the external K* concentration, with
increasing apoplastic K shifting the range over which the channel is active to more positive
potentials (Ivashikina et al., 2001} Johansson et al., 2006). To simulate this behavior, Aw%RC 1S
given by (Hills et al., 2012),

K
R,T Cy;
ORC )
Adina; =~ In—a (S28)
ORC

where K (5)01:2% is the apoplastic K* concentration at which Aw%RC = 0.
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S.3.3 Active transmembrane transport via Ht pumps

The plasma membrane and tonoplast H" pumps are modeled by four state carrier cycles (Hills
et al.,|2012) as shown in Figures and. H™ fluxes through the plasma membrane/tonoplast
pumps are given by,

p/t,H ,ip/t
p/t,H _ ~Awj o p/t,A  p/t,A;p/t,A; p/t,A p/t,A;p/t. A p/t.A ;p/t.A
Shiar j NP (k12:a,jk23 Ry " Ritay = Ria Ravagksaa ks ) (S29)
AY A j

where the denominator term is given by,

p/t.H _ p/t,A;p/t,A p/tA p/t,A  p/t,A;p/tA p/t, A p/t, A p/t.A p/t,A; p/t.A; p/t.A
D = K47 kola jkso.a T Kioakas “hsy T H R Koty ks T Ry kg kg

p/t,A  p/t,A;p/tA p/t,A  p/t,A;p/tA p/t,A;p/t,A  p/t.A p/t.A;p/t,A;p/tA
+ K19:0.5F93 " Fylia T Ki9:0, k03 " Faz T Ry TRy g ks T Ry Rgg T kg

p/t, A p/t, A p/t,A p/t, A p/t, A p/t,A p/t,A 1 p/t,A; p/tA p/t.A;p/t,A | p/tA
+ F120,iK32:0, K010,  F12:0,F50:0,F13 7+ Ki2.0 k30 Katia; T Ria T Bsag ka3

p/t,A  p/t, A p/t,A p/t,A  p/t,A p/t,A p/t,A 1 p/t.A; p/t,A p/t,A;p/t,A; p/t,A
+ 59107520 i K100 T R0 i K320 723 Fo1.0 iKaa T Kl Ras T kg T Ry

(S30)

N4 is the Avogadro constant (6.022 x 10?3 mol 1), N Z/ BH s the plasma membrane/tonoplast
pump density and k’s are reaction rates as shown in Figures and [STB. The effects of the
apoplastic, cytosolic and vacuolar pH, as well as the trans-plasma membrane and trans-tonoplast
potentials, on binding and unbinding are incorporated into the relevant reaction rates,

A A
Kot = kA 0cett (S31)
Kbt = kAo, (S32)
/t7A /t7A7O bt
Flydy = kiy " exp | 2 Rg; : (S33)
—FAYY
t,A t,A,0 s
Koy = k10 ex WTM : (S34)

ki{t’A’O (k:gét’A’O) is the value of ki{t’A (k:gét’A) when CH (C/v:Hy is 1 mM, and k%t’A’O
and k2/H40
21
potential.
S.3.4 Secondary active transmembrane transport via symporters

Transport via the plasma membrane K*/H™ symporters and CI~/2H™ symporters is also
modeled by four state carrier cycles (see Figures and ). K*/Cl1~ fluxes through these

are the values of the rate constants at zero trans-plasma membrane/trans-tonoplast
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symporters are given by,

D i,p
JrE/Cl NSK/SCl:a,jAoc,j kp,SK/SClkp,SK/SClkp,SK/SClkp,SK/SCl 335
SK/SCl:aj — N, P 12:a,j 41, (835)
AYSK/SCla,j
kp,SK/SCl 1p:SK/SClLp.SK/SClyp.SK/SCI
21:a,j 32:a,7 43:a,j
where the denominator term is given by,
p,SK/SCl p,SK/SCL, p,SK/SCl | ,p,SK/SCI p,SK/SCl p,SK/SCl
DSK/SC’Z wj =M1 kolay  Fsaaj T HKiga, o ks
K/SCl, p,SK/SCl, p,SK/SCI ,SK/SCL, p,SK/SCL, p,SK/SCI
+ kpS /SC kgisa j/SC kPS / + kp / ka / kp /
p,SK/SCI p,SK/SCl p,SK/SCL ., p,SK/SCl p,SK/SCZ p,SK/SCI
+Kiga, K Kty tHRioa; ko Ki3.a;
pSK/SCl p,SK/SCl p,.SK/SCI pSK/SCl p,SK/SCl p,SK/SCI
+ Ky kolay  Fizaj TR ks Ki3.a;
1P:SK/SCLp.SK/SCLyp.SK/SCL | 1p.SK/SClyp.SK/SClLy p.SK/SCI
12:a,5 32:a,5 41:a,j 12:a,5 32:a,7 43:a,j
p,SK/SCI p,SK/SCl p,SK/SCI p,SK/SCl p,SK/SCl, p,SK/SCI
+ le:a,j k k41:o¢,j k k32:o¢,j k43:0¢,j
1p-SK/SCL p.SK/SCLp.SK/SCL | 4 p.SK/SCLp.SK/SCLp,SK/SCI
21:a,j 32:a,7 41:a,j 21:a,j 32:a, 43:a,j
p,SK/SCI p,SK/scz p,SK/SCI pSK/SCl p,SK/SC’l p,SK/SCI
t kot K3 kilay Tk ks kitag - (836)
NP 1s the number of K™/HT (C17/2H™) symporters per unit area of plasma membrane
SK/SC:a ymp p p

and the rate constants (k:p’SK/ SCl’s) are shown in Figures and .Il The relevant rate

constants include concentration and electric potential dependence,

32 aj

p,SK p,SKO a,K
k4320¢,j - k C a,]

paSK p SK 0 C, K c, H
k41:a,] - k C C o,

p

kp,SK kp S K0 exp FAwa,j

12:a,5 RgT ’

_ D
21:a,j RgT )
2

p,SCI p,SC’l 0 a,H
k32:a7j k Coe,j )

»,SCl p,SCl 0 ~a,Cl
k43:a,j k Cayj )

2

p,SCI p,SCl 0 ~c,Cl c,H

k41:a,] - k Ca,j (Ca,j > )
p

kp,SCl kp7SC’l 0 exp FAwa,j

12:a,5 QRgT )

(S37)
(S38)
(S39)

(S40)

(S41)

(S42)
(S43)

(S44)

(S45)
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_FAYP
By = K517 exp <—2 - T‘”) . (346)
g

kp-SK/SCLO g the value of kP»SE/SCl when the relevant ion concentration/s are ImM, and

K/SCl K/SCl
kf’QS /SCL0 and k‘g’ls /SCLO are the values of the rate constants at zero plasma membrane

electric potential difference (AyP = 0).

K™ fluxes (Jg’[}(() and HT fluxes (Jg’;({) through the K*/H' symporter are equal, Jg’[? =
J S’]I(( = J% ;- (Maathuis et al.,|1997); while H* fluxes through the C17/2H* symport (Jg’g) are
twice the C1~ fluxes (.J5;) (Beilby and Walker, 1981 Felle, 1994).

S.3.5 Secondary active transmembrane transport via antiporters

Using the law of mass action and the constraint condition resulting from the electrochemical
potential at zero net flux through the antiporter (see Foster and Miklavcic (2015)), Na™ flux
through plasma membrane/tonoplast Na*/H™ antiporters is given by,

p/t,Na _ ,ip/t;p/t Na ~a/v,H a/v,Na ~c,H
JXNa:a,j - Aa,j kXNa:a,j (Cccy,j aCa,j - Oa,j ng,j ) ) (547)

and K flux through the tonoplast K*/H™ antiporter is given by,

t, K oAbt gt ¢, K ~v,H v, K ~c,H
XK = AajFX Koy (Cau' Caj —Caj Caj ) : (548)

kg(/;v aionj is a forward reaction rate for transport via plasma membrane/tonoplast Na™/H™ anti-

porters and kg( Ko is a forward reaction rate for transport via tonoplast K*/H™ antiporters
(Foster and Miklavcic, |[2015)).

Na™ and H' fluxes through Na*/H™ antiporters are equal in magnitude, but opposite in

direction (Jg(/ ]L;,fa = g(/ ;{fl\fg j>. Similarly, HT fluxes through K*/H™ antiporters are given
LH K
by’ ‘]XK:a,j - _JXK:a,j'

S.3.6 Apoplastic binding of cations to fixed anions
Using the law of mass action, the net rate of cation dissociation from the fixed anions in the

apoplast, R%d’”, is given by,
R = kg co't — ki Cn (S49)
RpGN = ghea el — kyecnon?, (S50)
R = kg Corf? — ki Corf Cal (S51)
R =0, (S52)

where C’Z’f is the concentration of apoplastic anionic charges that are not bound to cations, and

ky. Jdn T8 the binding association/dissociation reaction rates.
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S.3.7 Cytosolic and vacuolar H* buffering

A constant buffer capacity () is assumed in cytosols and vacuoles. The change in pH in these
compartments is given by (Foster and Miklavcic, 2015, 2017),

H
dpHY 1 dCgy <a
dt gelv dt (553)
ﬁa,j

d(];/ ;J’H /dt is the unbuffered change in H' concentration due to transmembrane and symplastic

fluxes — found using Egs. (S11}) and (S12) — and pH / - 1s the buffered pH which can be used to
c/ v,Hy

Fe/v
calculate the concentration of free HT (C’ — 1000 x 10"PHa; mM). The concentration

of buffering anions in each cytosol/vacuole (C’ a/ ;’B) is calculated using (Foster and Miklavcic,
2015, 12017),

d B d /v, H d H
a(v;yc;{; ):E(v;{;o;,j f)_%(v;{;c;{;’ ) (S54)

S.3.8 Electric potential calculations
The assumption of electroneutrality in each apoplastic, cytosolic and vacuolar compartment
leads to a set of zero net current conditions,

N N N
FZZnSaradn FZZnSaradn+FZZnSaaxn
n— _

in,o,] out,a,) n,o,]
N
—FY Z"Sgtl + N Z ARSI (S55)

FZZnSsradn_FZZnSsradn+FZZnSsaxn

in,q,] out,q,] m,q,]
N
—FY 7S — NS Z AR (S56)
F Z Zn8r, = 0. (S57)

N represents the total number of charged species under consideration, which varies between
compartments. Egs. (S55)) to represent a system of nonlinear equations, which is solved to

find ¢ 4 ¢27j and 1/1;”1’]
S.4. COMPUTATIONAL DETAILS

The nonlinear, coupled, system of differential algebraic equations represented by Eqs. (S3)),

(S10), (ST11), (S12), (S13), (S53), (S54), (S33)), (S56) and (S57) was solved numerically in

10
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MATLAB using the odel5s package. The hydraulic pressure was determined by solving the
linear system of equations represented by Eqgs. (ST) and (S2) at each time step.

A two-stage simulation process was used to represent the typical experimental conditions of a
salt free environment (the pre-salt stage) into which NaCl is introduced (the salt stress stage). In
the first, pre-salt, stage Nat was absent. At the start of the salt stress stage NaCl was introduced
into the external medium. The steady-state results of the pre-salt simulation were used as initial
conditions for the salt stress stage.

The boundary conditions were (Foster and Miklavcicl 20177):

a linear hydrostatic pressure gradient in the external medium,

a constant bulk concentration of ions in the external medium (zero Na™ for the pre-salt stage
and non-zero Na™ for the salt stress stage),

zero apoplastic and symplastic flow across the bottom boundary of the root,
zero symplastic flow across the external medium-epidermis interface,

zero symplastic flow across the xylem parenchyma-conductive xylem interface,
zero symplastic flow across the top boundary of the root,

zero apoplastic flow across the top boundary of the root for all tissue regions except the
xylem,

a constant apoplastic hydraulic pressure and zero apoplastic concentration gradients across
the boundary at the top of the xylem.

S.5. ADDITIONAL RESULTS

Table S1: Optimized parameters obtained using the procedure described in Section 2.2 and
Figures 3 and 4.

Parameter Value Units

Outer plasma membrane parameters
Na*/H* antiporter reaction rate, k%, 2 x 1077 m?*molts !

H* pump density, N3 6 x 101>  m™2
VI NSCC permeability, P, ¢ 4%1071% ms!
K*/H" symporter density, Nig ;- 2x 10" m2

Stelar plasma membrane parameters

Na™/H™ antiporter reaction rate, kv, 3 x 1077 m? mol~! s71
H™ pump density, NZ’H 2x 10  m2

HKT permeability, P 7 8x 1071 ms!

CI™ channel permeability, P%Cl 4%x107 ms!

sos1 plasma membrane parameters
Na*/H* antiporter reaction rate, k%, 4 x 1078 m?mol!s!
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Table S2: Summary of membrane transport parameters. Refer to Sections [S.3.3] and [S.3.4]
and Figure |S1|for detail about H" pump and symporter kinetic parameters. Parameters were
obtained from the following sources: [Foster and Miklavcic, (2015)® Murai-Hatano and Kuwagata
(2007)®, Hills et al.[(2012)©, Xu et al. (2006)¥), |Qi and Spalding (2004)®, Reintanz et al.
(2002)D, Ivashikina et al. (2001)®, Maathuis and Sanders| (1994)™, Diatloff et al.| (2004)®,
Demidchik and Tester (2002)%, Xue et al. (2011)®, and [Zhu and Steudle (1991)?. Effective
diffusion coefficients were calculated using bulk diffusion coefficients from |[Haynes (2015) and
the methods described in Section The symplastic water permeability was estimated using
the Hagen-Poiseuille equation. Apoplastic binding parameters were assumed.

Parameter Value Units
Tonoplast parameters
Water permeability, L!® 4 x 10712 ms~ ! Pa~!
Na™ channel permeability, P%Na(a) 2 x 107 ms!
Cl~ channel permeability, PtCLCl(a) 1x107Y ms!
Nat/H* antiporter reaction rate, k', Na(a) 6 x 1078 m? mol~!s~!
K*/H* antiporter reaction rate, kfy ;@ 1x 10711 m* mol~! ™1
H* pump kinetic parameters@-(©:

NG 1.3 x 1016 m~2

Kl o 1% 10 51

kA0 100 51

Kbt 1% 10° s

kg’f’o 5 x 106 m3mol~! 57!

Kk 1% 10! 51

kfl’?’f1 1 x 107 s

KA 1 x 104 51

KlA0 3 x 106 m?3 mol~! s~ !
Plasma membrane parameters
Plasma membrane water permeability, Lg(b) 2x 10713 ms~! Pa~!
K* IRC parameters@-(€-®:

Channel permeability, Prrc 3x1078 ms~!

Gating charge, ZgIRC 0.9

Half activation potential, A¢ili¢ -150 mV
K+ ORC parameters'®:

Gz;téng charge, ZgO RC 1.1

,a

Koke 13 mM
H* pump kinetic parameters‘®:

K20 2 x 103 51

KB40 2 x 102 51

koA 5 x 10* 51

Continued on next page
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Table S2 — continued from previous page

Parameter Value Units
kg’ZA’O 1 x10° m? mol~! s~ !
A _
Kii 500 51
) —1
kigA 10 S
K 200 s
k‘Z’lA’O 2 x 106 m? mol~! 57!
K*/H* symporter parameters(®>M:
,SK,0 —
kzl)QSKO 2 s—1
) ) _1
kngK 0.9 S
Kby 1 x 104 s
k‘g’QSK 1 x 107 m? mol~! 57!
KoK 1% 107 s
kZéSK 4 x 109 m? mol~! s~ !
SK -1
K} 1 50 S
Kl K 1 x 108 m® mol=2 s~ !
Plasma membrane C1~/HT symporter parameters‘®:
P 15 -2
ngé l 4 x 10 m
KDoCh0 1% 10 5!
,SCL0 )
kglscz 50 S
; -1
kggscz 100 S
K%, 1 x 10 m® mol=2 57!
K-St 5 x 10* s
kiéSCl 100 m? mol~! s~ !
,SCl -1
kY 1 100 S
Kb 5Ct 1 x 1012 m® mol 3 s~ !
Outer root plasma membrane parameters
CI™ channel permeability, P%Cl(i)’(j) 9 x 10710 ms~!
K+ ORC permeability, Porc® 8 x 1077 ms~!
VI NSCC parameters?:
Binding constant, Ky scco 0.3 mM
Hill coefficient, h 1
Stelar plasma membrane parameters
K*/H" symporter density, N ™ 4 x 101 m 2
K+ ORC permeability, Porc™® 7% 1077 ms~!
Apoplastic parameters
Effective apoplastic diffusion coefficients
Dt 9.31 x 1079 m? 57!

Continued on next page
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Table S2 — continued from previous page

Parameter Value Units
paNa 1.33 x 1079 m?2 g1
DK 1.96 x 1072 m2 s !
Dl 2.03 x 1079 m2 g1

Axial apoplastic water permeability, L',
Radial apoplastic water permeability, L

Binding association rate, kg,
Binding dissociation rate, kg,

Symplastic parameters

Effective symplastic diffusion coefficients

DS,H
&
DS,N a
&
DS,K
(&
DS,Cl
(&
. . s
Symplastic water permeability, L,

Symplastic reflection coefficients
US’H

Us,Na
GS,K
Us,Cl

Buffering parameters
Cytoplasmic buffering capacity, 3@
Vacuolar buffering capacity, 5”(a)

(2.5 x 10719) /197
(2.5 x 10719 /d,
1x 10712
1x10718

8.47 x 1079
7.91 x 10710
1.35 x 1079
1.42 x 1079
1.63 x 1073

0.00
0.06
0.03
0.03

23
30

mM/pH unit
mM/pH unit
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A

VINSCC
Permeability

High

Medium

Low

Very low

Model

75 100 125
Na* Root Content (mM)

B

VINSCC
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pre—salt salt-stressed

° °
Model

° °

° °

o o
-110 -90 -70 -50

Transmembrane Epidermal Potential (mV)

Figure S2. Example of the mismatch between optimized model (dark blue circles) and experi-
mental (light blue circles) (A) Na™ root content, and (B) transmembrane epidermal potential for
sosl scenarios if it is assumed that sosI roots have no active plasma membrane Na™ transporters.
Results are shown for plasma membrane voltage insensitive nonselective cation channel (VI
NSCC) permeabilities ranging across four orders of magnitude (with each category representing
an order of magnitude change in permeability). Experimental data was obtained from |Davenport
et al. (2007) and [Shabala et al. (2005). Comparisons with data from Davenport et al.| (2007)
were conducted with 50 mM NaCl, 11.9 mM KCI, 0.5 mM Ca2* and a pH of 5.5 in the external
medium. Comparisons with data from Shabala et al.| (2005]) were conducted with 50 mM NaCl,

0.5 mM KCI, 0.1 mM Ca2* and a pH of 5.5 in the external medium.

Frontiers

15



Supplementary Material

Model

Day 1 ®

Day 2 ®

Days since 100 mM NacCl

0 25 50 75 100 125
Na* xylem concentration (mM)

Figure S3. Comparison of experimental (light blue circles) and model (dark blue circles)
xylem Na*t concentrations in excised roots one and two days after exposure to 100 mM NaCl.
Experimental data was obtained from Shi et al. (2002). Simulations were conducted using the
parameters optimized using comparisons with intact roots, and with 100 mM NaCl, 1 mM KClI,

0.15 mM Ca?" and a pH of 5.7 in the external medium. Transpiration was switched off in the
model to simulate an excised root.
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