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Motivation

» Root biomass

»Root growth dynamics /

(length, volume, surface area) ‘

Soil

» Absorbing root surface area
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Electrical impedance spectroscopy (EIS)
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Impedance Spectrum (Wessel diagram) is formed of

complex impedance at different frequencies




Basic electric models and their complex impedance

Resistance (R): Zz =R +j*0
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Dispersion ranges

o —dispersion from a view Hz to 10 kHz
» B—dispersion from 10 kHz to 100 MHz

« y—dispersion from 100 MHz to 100 GHz



Electrical models

Lumped models

Distributed models

* e.g. double-shell model
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First-and third-year hybrid poplars (f=1 kHz)
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EIS of willow roots in nutrient solution
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Electric models
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Reactance (kQ)
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Filled symbols: Experimental data.
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Root resistance of willows In nutrient solution
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Resistance of root, root & stem and stem in contact with the solution

Resistance, kQ
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Root capacitance of willows in nutrient solution
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Summary

» Electric models fit well with EIS experimental data
of willow cuttings in hydroponics

» Stem had a strong effect on sensitivity (especially
root resistance) to detect root surface area

» Root capacitance correlated with root surface area
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Midnight moon in midsummer



