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1. Motivation

The properties and processes of plant roots and their rhizosphere
control critical factors as water and nutrient transport, soil carbon and
nutrient dynamics, and soil microorganisms. Monitoring of these
factors is therefore of great importance.

Spectral induced polarization (SIP) holds great promise to monitor
root and rhizosphere in a non-invasive fashion. To use this method,
knowledge on the relationship between the root properties (e.g. root
mass) and the electrical properties is required.
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2. Research objective

To find relations between the SIP signal and the root parameters.
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5. SIP monitoring of wheat root poisoned by cyanide
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3. Spectral Induced Polarization (SIP)
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4. SIP response along the root length

- D
e 2-month old wheat grown in hydroponic solution.

(a) Cell membrane potential drop after the introduction of cyanide.

(b) Quadrature conductivity drop in response to cyanide.

(c) Chargeability decreases after the poisoning, confirming that the cell membrane is the

polarization source.

L (d) Relaxation time increases suggesting that root hairs are affected before other parts.

e 11 ‘ \ * SIP signal distribution along the root length.
i
P+ p ol T AN
&£ L a4y BB
< Cy c i etk ke et L =
h 7 '8 4 |
. ' C+, C-: current electrodes pommmemmmmsmmemmmmemee
' P+, P-: potential electrodes | A |
Quadrature conductivity
1185 R
(b)
5L
1180
—— — 4 -
= =
2 2
o 1175 G . 2 3
= =
B ~5 :b ; '
1170 |y 4 - T L
- . pnan
f(Hz) f(Hz)
Total surface area (cm?)
70 20 40 60 80 100 120 140 160 Mean relaxation time
! T | | ! T T 8 | | | | |
(c)
bl i
5} _
= ) I
= 5L 1 S
N | ]
W
1 ] ] ] |
0.0 0.5 1.0 1.5 2.0 2.5
Root mass (g)
(a) Negligible change of the in-phase conductivity.
(b) Quadrature conductivity decreases toward the root tip.
(c) A decrease in the root mass and the total surface area is followed
by a decrease in polarization.
. (d) Relaxation time might be related to the root hair distribution. )
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6. Modeling of SIP response caused by the root cell
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Source of the polarization is an electrical double layer (EDL) at the root cell membrane.
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*The experiment verified that the cell membrane is the source of the root polarization.
* Positive relationship between the chargeability and root surface area is obtained.

*|t is hypothesized that the relaxation time is determined by the root hair distribution.
*The in-phase conductivity is not significantly affected by the root.

*The numerical model confirms the interpretation of the SIP experiments.

7. Conclusion




