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1. Introduction 

• We hypothesize that anisotropy in effective electrical

conductivity (EC) of soil-root medium contains

information on root architecture and thus can be used

for phenotyping root systems.

• To support our hypothesis, we performed 2D finite-

element modeling of these properties in terms of EC

distribution for a series of simulated root systems, with

explicit representation of the root architecture in the

finite-element mesh (See Methods for details).

3. Computing Electrical Anisotropy (EAF) using Finite Element Model
Figure 2:
a) Finite element model of root 

architectures for different plant 
species. Solid black line 
represents plate electrode for 
computing effective anisotropy 
(EAF-eff) while black circles 
represents point electrode for 
computing apparent anisotropy 
(EAF-app). 

b) Zoomed view showing cortex and 
stele structures. EC of cortex is 
taken as 1/3 the EC of stele.

Figure 1: Flow chart of method used.

• Our model with synthetic roots shows, high correlation (>0.6) can exist between the geometrical indices, namely

Geometrical Anisotropic factor and Fractal box counting dimension, and the electrical anisotropic factor (EAF).

Further, the correlation factor depends on the soil EC contrast.

• It is evident from the model that different root architecture forms cluster on Geometrical index vs Electrical

anisotropy plots demonstrating the ability of electrical method to differentiate different root systems.

• Our simulation with point electrode (EAF-app) and plate electrode (EAF-eff) shows similar results, thus it is feasible

to partially deduce root geometry with point electrode. Our next step is to validate this study with a real

experiment.

4. Measured EC-root of Maize root segments

Figure 3:

a) Measured 
maize root DC 
conductivity 
data.

b) Measured AC 
conductivity 
spectra.

2. Methods

Figure 4: Relation 
between geometrical 
indices (GAF,D) and 
electrical anisotropic 
factor (EAF-app, EAF-
eff) for: a) Resistive 
soil and b) conductive 
soil. Here r is the 
correlation constant. 

5. DC Parameter Results 

6. AC Parameter Results (Complex EC)

Figure 5: Relation between geometrical indices (GAF,D) and complex electrical 
anisotropic factor (EAF-app, EAF-eff) at: a) 1Hz and b) 10000Hz. Color code represents
Different species as given in Fig. 4.  

7. Conclusions and Perspectives
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