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Exponential part of the curve analogous .
PrEfa_Ce | | | Results to Brooks and Corey curve below the air Conclusions
The application of Richards equation to Xylem Water Retention Curve: entry value af[mm] with 6, .= 6.(a): If tree sapwood is considered as variably
simulate xylem water flow of trees based Measured values are taken from European N saturated medium, its water retention
on three-dimensional graphs represen- beech (Oertli, 1993). Oz a (%) , if e <a characteristics can be described by a
ting tree architecture needs water New extended Brooks and Corey parame- curve consisting of an exponential and a
Char_acteristic curves of the xylem porous terization (black line) compared to van 0 (1) — inear part.
medium. Genuchten parameterization (dashed line) o The exponential part represents
volumetric water contents for xylem

A general concept to derive xylem water (cn — Ou.a) ("’ _a%) + Opa. else potentials when cavitation occurs, i.e.
characteristic curves is presented. The below the air entry value (cf. Brooks and

concept is based on ideas to describe
soll water retention and unsaturated
hydraulic conductivity curves.
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Corey curve).

The linear part for xylem potentials above
Seomaz(2) le Sz.maz(2) the air entry value gives water contents in
Se;maz(2) le Se,max(2) the saturated range between maximal
and minimal sapwood extension.

Defining the linear part of the curve:
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The elastic modulus of the xylem is used

to determine the xylem water content at Xylem porosity g[-] based on maximal

Volumetric Water Content [%]
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the air entry value and to define the : cylinder element and xylem volumes Ve The slope of the linear part is inversely
relationship between xylem water T PR e and V, max [MM°], respectively maximal related to the elastic modulus E of the
Content and Xylem pOtentlal Xylem Matric Potential [mm] Xylem CrOSS SeCtlonS Se’maX and Sx,max [mmz] SapWOOd
A capillary bundl_e approach is appl_ie_d s a(2) — Sz,0(2) The radial elastic modulus E, of wood (axis
to calculate relative xylem conductivity. ot se,maz(2) normal to the growth rings) could possibly

- | | Xylem volumetric water content @, ,[-] at air be a good proxy to estimate values for E.
Exam.ples of xylem water characteristic The elastic mpdulus E [mm] gives the slop_e entry value a [mm] (when cavitation occurs)
are given for beech trees. Advantages of the retention curve 4 (y,)above the air Data tables on wood elastic moduli
and shortcomings of the newly derived entry value afmmyj: derived from compression tests are
concept to simulate sap flow in individual Ly ” . . available for many commercially
trees are discussed. = 2T — = Or,a = €x + — important trees (e.g. Kretschmann, 1999)
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Sapwood as variably saturated porous medium
Calculated diameter change [mm] Longitudinal elastic

uropean Beech modulus E, from bending

SIS Simulated distribution of (Living Tree)
Sy W 2 xylem water potential [MPa] - 10.000 Ash
based on a numerical solution o Bla(_:k 7.2 GPa
of two coupled Richards egs. o White 9.0 GPa
for soll and tree water flow ' Beech

(Janott et al. 2011,

' D
Bitther et al. 2012 a,b) American 9.5 GPa
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Days .
Scenario of young beech tree:  Simulated diurnal course of transpiration [mm d~'] (solid line),
of xylem water flux at the root collar [mm d_l'] (dotted line), of change rate of xylem water e . g . KretSCh m an n (1999)

. - 1 -O M Pa content [mm d—'] (dashed line) and of stem diameter [mm)] (grey line) during three days.

Measured and simulated sap flow of a beech tree [mm h-1]
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