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MEASURING THE LEAFELECTRICITY OF LIVING PLANT
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Abstract: Frequency response of Cactus leaf electricity to oscillated illumination
stimuli was measured. For this purpose, a sensing system enabling to long term and
stable measurement was developed. The illuminations were 1minute light — on and
Iminute light — off, 8minutes light — on and 8minutes light — off, 20minutes light —
on and 20minutes light — off, and 60 minutes light — on and 60 minutes light — off.
The result showed that the response was similar to that of alow passfilter.
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1. INTRODUCTION

Speaking Plant Approach (SPA) is an attractive
method for investigating what the plant needs under
variations in its environment changes. The SPA
requires the collection of in-situ data from a living
plant.

Therefore understanding more about living plants
with modeling or system identification is encouraged.
(Morimoto, et al., 1988)

Leaf surface electricity, as bioelectricity, generally
rooted in physiologica activity. (Kano, et al., 1988).
Kano and Yamaguchi (Kano and Yamaguchi, 1996)
reported correlation between freshness and electric
potential voltage on plant surface. Leaf electricity is
composed of AC and DC ingredients. DC ingredient
especiadly fluctuated when the illumination was
changed. DC was suggested to have a relation to
photosynthesis activity. (Utamaru et al., 1999).

There were many reports about the measurement of
the bioelectricity of plants by using fine needle
electrodes, which tended to injure or destroy plant
tissues and cells. This kind of measurement is not
available for investigating long term behavior
regarding to plant activities.

The objectives of this paper are:

(1) Measuring of leaf electricity on intact plant by
developing a sensing system to enable a long
term stable measurement.

(2) Detecting electric variations or fluctuations by
oscillating illumination stimuli.

EXPERIMENTAL MATERIALS
AND METHOD

The experiment was aiming at getting the response
data of leaf electricity as output signal to illumination
interval changes. Experimental system is shown in
Fig. 1.

2.1 Test Plant

The test plant was Crassula, a kind of cactus whose
photosynthesis type is generaly CAM. Crassula
leaves was tough, flat and smooth. This made it easy
to be fairly pasting of sensing devises on the leaf
surface. The test plant in a flowerpot was kept in a
biophotochamber.

2.2 Biophotochamber.
Light intensity level of fluorescent lamps in chamber

was 25000 lux. Temperature was kept at 23 degree
Celsius.



2.3 Measuring System

Leaf electricity; The system set-up was composed of
four parts; sensor devices to detect the electric
potential on a leaf surface, an amplifier to magnify
output from the sensors, a low pass filter for both
reducing noise levels and cutting high frequency
domain. Final component was pc-card recorders with
alap top computer to storage the dataiin.

The sensor devices were assembled from three
electrodes. The two electrodes were put on sensing
points. The distance between the two electrodes was
about 1cm on the same leaf surface. The last one was
put on the stem nearby ground surface as an €electric
reference point. Electric potential on leaf surface
detected the two electrodes is measured referenced
the stem point.

The Ag/AQCI vitrode disposal electrodes were plate
type electrodes. They had no needles pricking the test
plant. The electrode was placed on a solid gel plate.
lon concentration in the gel generated the electric
potential to be detected. The gel plate mainly
composed of water and acrylic glycerin enabled
long-term measurement.

The instrumentation amplifier, an IC chip with a high
common-mode-rgjection-ratio of 120 dB for
effectively reducing noise levels, was used.
Resistance connected to IC chip could change the
gain of amplifier. In this experiment, no resistance
was observed in order to reduce noise levels as much
as possible. Then, the gain resulted in one. The
amplifier worked to change the high impedance of
test plant to alower level.

Changeable resistance and ceramic condenser
worked as a low pass filter to avoid unexpected
electro magnetic noise such as commercia radio
wave, 50 Hz in Tokyo, and pass the leaf electricity
signal. Cut off frequency (f)) was obtained by the
equation:

f.= 1 2n RC 1

In this experiment, f. was 1.6 Hz by a 100kQ
resistance and a 1uF condenser.

Frequency response of this sensing system had a
good behavior in both low frequency and cutting
high frequency domains over about 1 Hz. The noise
after passing the filter and Imperfection of white
noise used as test input signal made roughness of the
Gain asshownin Fig. 2.

Environment; Illumination timing was measured by a
photo sensor. This was made of solar battery panel.
When the light was on, it generated 1 mV signals,

and when the light was off, it become zero.
Temperature in the biophotochamber was recorded
by athermo-recorder.

2.4 Experimental Plot
Illumination intervals were provided as follows:

(1) 6 hourslight —on and 60 hours light — off.

(2) 1 minute light —on and 1 minute light — off.

(3) 8 minute light—on and 8 minutes light — off.
(4) 20 minutes light —on and 20 minutes light — off.
(5) 60 minutes light —on and 60 minutes light — off.
Each experiment was repeated several times.

4. RESULTSAND DISCUSSION

FFT analyses was applied to the time series data with
hamming window. Bias trends were estimated by
least square method and then eliminated.

Leaf electricity obtained tended to show typical three
stages; non-steady and fluctuated pattern of
eectricity for the first measurement stage, followed
by the steady state stage of a continued crisp pattern,
and the attenuating stage as the pattern was damped
into aflat level. In the steady sate stage, repeatability
of a typical pattern was confirmed in the leaf
electricity, which can be provided for the data
analysis. The period of each experiment was
consequently available up to 5days.

4.1 Response to Sepwise Illumination

Transient response to a stepwise illumination
continuing 6 hours was observed as shown in Fig. 3.
The three peaks (a, b, cin Fig. 3) were typical futures
with good repeatability. When the light was turned on,
the leaf electricity rapidly moved to peak ain about 3
minutes and to peak b in about 15 minutes. Then it
recovered and got to peak c in 120 minutes. A level
of peak ¢ was amost equa to that of peak a. after
peak c, the electric potential moderately decreased to
the former level observed at illumination start in 300
minutes. A ratio of the time intervals between peaks a
to band peaks b to c was about 1 : 8.

A magnitude of potential difference between peaks a
to b and peaks b to ¢ was equal to that between peaks
btoc.

A result of FFT analysis on the data in Fig. 3 is
shown in Fig. 4. The figure indicates that frequency
response of leaf electricity was similar to that of a
low pass filter, especialy it has relatively higher gain
between 0.0006Hz and 0.001 Hz.



4.2 Response to Cyclic lHlumination

Leaf electricity under variable illumination cycles
was shown in figure. 5. Fluctuations in ledf
electricity were similar to a sinusoidal wave for 1-1
min ON-OFF interval, 8-8min interval and 20-20 min
interval, while for 60-60min interval, leaf electricity
varied adong a long-term wave pattern with
short-term spike.

Only in 8-8min interval, leaf electricity showed
minus. It meant that potential of one sensing point
which inputted to amplifier as negative voltage were
larger than another potential which inputted as
positive voltage. Then the potential difference
between the two points was outputted negative.

When the illumination was changed light-ON to
light-OFF, leaf potential difference became a little
larger in 2 minutes, while 10 seconds under 1-1min
illumination interval. Then the potential difference
became smaller in 6 minutes. After this, leaf potential
difference became larger again, under 20-20min
interval and 60-60min intervals.

When the illumination was changed light-OFF to
light-ON, the potentia difference became larger
under 8-8 min and 1-1min intervals. Under 20-20
min interval, the potential difference aso became
lager and continued to be large in 5 minutes. In the
60-60 min interval, the behavior was similar to
stepwise response.

Theresults of FFT analysis are shown in Fig. 6. Clear
Peaks appeared corresponding to illumination
interval frequency. An envelope curves of peaks
slope down to high frequency. The slope of leaf
electricity was sharper than that of illumination.

Characteristics of frequency response to cyclic
illumination are shown in Table 1. Peak frequencies
correspond to illumination intervals. A level of gain
indicated that the ratio of the amplitude of leaf
electricity for peak frequency to that of illumination
interval.

The numerical values of gain don't make sense.
Because the amplitudes of leaf electricity and
illumination depends on sensor settings. But the size
variation of gain over different frequencies is
significant.

8-8min and 20-20min intervals (0.000977Hz and

0.000407 Hz) showed higher gain than other
intervals. Thisresult fitted to Fig.4, roughly.

5.CONCLUSION

Leaf electricity on intact plant was observed with a
sensing system enabling a long term and stable
measurement

Frequency response of leaf electricity to illumination
interval was similar to that of alow passfilter.
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Table 1 Responseto cyclic illumination

l a l c [llumination  Peak Gain(dB)
= On-Off Frequency (Hz)
= 4 | Interval
Light on 60m!n-60m!n 0.000137 -4.6
20min-20min  0.000407 0.6
“b 8min-8min 0.001057 2.1
3 Imin-1min 0.008300 -11
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Fig. 3. Response to stepwise illumination.
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