Can the size of a root system
be estimated by its electrical

capacitance?
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Conclusions

Methods

Experimental design

Capacitance was measured with a C-meter by inserting one of
two electrodes in the rooting medium and attaching the other to
the plant (plant electrode).

In hydroponics sixteen whole root systems of different ages and
154 single roots were submerged and capacitance was
determined (Fig. 1 a). Four of the root systems and ten individual
roots were then partially submerged and capacitance was
measured before and after the submerged root parts were
chopped 2 mm below the surface (Fig 1 b). Finally the masses of
the removed root parts and the sums of root cross-sectional
areas at the immersion points were determined.

In the soil study 34 barley plants grew in pots with potting
compost and were left to dry for 20 to 30 days. The soil of half of
the pots was then incrementally watered from below by placing
the pots in a basin and adjusting the height of the water table.

Results

(@)

(b)

Figure 1 (a) Plant electrodes were attached to the top of the root
system, roots were submerged to 5 mm from the plant electrode, and
capacitance measured. (b) Roots were removed from the solution and
partially resubmerged. Then the plant electrodes were attached to
roots 5 mm above the solution and capacitance measured. Roots
were trimmed 1 —2 mm below the solution surface and the
capacitance remeasured. This procedure was repeated incrementally
by further submergence and trimming until no root remained.

In hydroponics : Good correlations were found between capacitance and mass for whole submerged root systems in solution (Fig. 2 a;
R? = 0.865***). However, excision of submerged root parts had negligible effects on the observed capacitance implying that
capacitance was not directly determined by root mass. In other tests (Fig. 2 b, R? = 0.978***)1 when roots were partially submerged
capacitance correlated better with the sum of root cross-sectional areas at the solution surface than with root mass (no relationship

found).

(@) (b)

In soil : The bulk of the root system in soil did not
influence the capacitance (Fig 3). Good correlations
were achieved between capacitance and the sum of
shoot cross-sectional area at the soil surface but only
after moistening (R2 = 0.932***)1,

Capacitance was lower and the correlations poorer
when the top soil was dry.

1 for a regression line forced through the origin.

Figure 2 R hip between i and
(a) fresh mass of 16 submerged root systems
and (b) the sum of root cross-sectional areas at
the solution surface for different depths of
submergence of a representative root system.
The regression line in (b) was forced through
the origin. Dots represent the mean * SD of
three technical replicates.

Figure 3. Capacitance of 34 plants measured
at various positions of an incrementally
raised water table in the soil of pots.

The model of Dalton is consistent with the initial observations reported here (Fig 1 a), but can not explain our other observations (Fig 1 b — 3).
We found no further indication that capacitance would be related to root mass. Instead the capacitance is dominated by tissue near the solution

surface and soil surface, when moist.




