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Electr ic resistance-capacitance model of water flow through soil-plant systan
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Abstract: W ater flow through a il-plant systen can be smulated by an electric resistance-cgpacitance circuit w hen the flow is
considered asone-dimensional D arcy-Rechards flow. The hydraulic resistance is a ratio of thew ater potential difference to the
average rate of outflow and inflow, and thew ater cgpacitance is a derivative of thew ater storagew ith repect to the average
w ater potential because of the nonsteady nature of w ater trangport Corregponding to the Darcy-Richards equation, hydraulic
resistance and resistivity are the reciprocalsof conductance and conductivity respectively; time constant is the reciprocal of the
diffusance and time constant per unit squared length is the reciprocal of diffusivity. If the il-plant systan is taken as a
catenary seriesof segnentsalong thew ater flow path, the hydraulic resistance and w ater capacitance are connected in parallel
w ith each other in each segment, and all segnents are connected in series The study gave universal formula of w ater flow
through the il-plant systans, formulaof the relationship betw een the total cgpacitance and partial cgpacitancesof individual
seganents, formulaof the relationship betw een the total resistance and partial resistances, and formulaof tenporal change of
leaf w ater potential under a certain condition
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Fig 1 Scheamatic representation of the water flow through il-
21 _ plant system as an electricresistance-capacitance network
Sp (a) - smplified wil-plant systen; (b)  SP
the il-plant system depicted as one
, Qs,in T ., (D ) )
object; (c) the soil-plant system
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SP )
U nit of the
! Q uantity Symbol D imension international
) SP system
, Volumew ater potential Y ML T2 Pa
Rate of flow Q L3¢ m3/s
' Rate of trangiration T LT ! m3/s
' W ater flux density g LT ? m/s
Hydraulic conductance K LTM" ' m%sPa
3.1 Hydraulic conductivity k L3M-' m?/sPa
W ater-storage w L3 m?
' Volunewater content 0 m3/m3
K k(@) v Time t T S
, SP , Volume v L3 m?2
’ Hydraulic resistance R MT L% Pasm?d
sp Hydraulic resistivity r MT L-% PpPasm?
' ' W ater capacitance C LT™M ! m®fa
g , W ater capacitivity ¢ TAM"! 1/Pa
, Hydraulic diffusance D T! 1/s
(27) Sp Hydraulic diffusivity d LT ! m2/s
Time constant RC T S
Time constant per unit e TL-2 o/fn?

SP of the squared length
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