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D evelopment of measur ing systan for weak electr ical
potential in plantsand itsapplication

. 1,2 .1 .1
LiGuochen™", YuHaiye’, Ma Chenglin
(1 school o Biological and A gricultural Engineering, Jilin U niversity, Changchun 130025, China;
2 Engineering College, Shenyang A gricultural U niversity, Shenyang 110161, China)

Abstract Plant potentialsare ultraw eak signals, sometimes itsanplitude isonly about 10 20 v %, and thew eak parts
of potential are easily submerged by noising This paper introduced the construction and technology in developing the
measuring system for plant electrical potentials, the input mpedance of the amplifier must be high enough (= 10"
10”Q) in order to measure the plant weak signals and ensuring high common mode rejection ratio (OM RR). In signal
processing, w avelet transform was gpplied in decomposing and reconstructing based on multi-resolution w avelet analysis
and in denoising based on crossvalidation (CV) threshold value Furthemore, the paper gives an gpplication example in
measuring plant potentials, the experiment show s that this systam could effectively detect the change of plant potentials
Four-w eek old cucumber seedlingsw ere stimulated by heat injury, the variation potential (v P) and action potential (A P)
would be evoked, theA P varying anplitude can reach 40mV ; theA P changed very fast, itsduration tme isabout Q 01

Q 02 sand its anplitude often changesw ithin 15 v 30mV.
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0 Introduction

About 130 years ago, both Burden-Sanderson
(1873) and CharlesDaw in (1875) demonstrated the
existence of electrical signals in plant'®, the bulk of
experiments demonstrated that plant potentials
oonsisted of variation potential (VP) and action
potential (AP)™ 7. The AP is self-perpetuating
signal based on the activity of voltage-gated channels
which regpond to changes in membrane potential'®
(Davies, 1993); by contrast, theV P isa local change
(in living cells) to either a hydraulic surge or
chemicals transnitted in the dead xylem' (Stankovic
B, 1997); In China, as for plant potentials, LOU
Cheng-Hou ( Acadamician, China A gricultura
U niversity) has researched the transmitting and
inducing of mechanisn™®*! U ntil now, in order to
research plant signals, different measuring methods
and materials have been used, and many papers
presented that the plant potentials varied from 10 @V
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to 50 mV, but rarely discussed how to measure the
signalsmore truly.

Based on the papers which described about the
property of the plant electrical potentials™® "%,
being of biological information, plant signals are very
complicated, it belongs to low -frequency and unstable
ultra-w eak signal, and itsamplitude and frequency are
very different according to the kinds of plant and
intensity of stimuli Because there are unavoidable
strong noises in measuring signals, effective
measuring system is very mportant in order to avoid
noise disturbing Themain purpose of thispaper isto
discuss technology of measuring system for plantw eak
signals and how to acquire the true infomation from
the background noises

1 System devices

Figure 1isablock diagran of measuring system for
plant electric potentials The weak plant signals,
w hich weremeasured w ith electrodes, w ere acquired,
stored and processed in computer through anplifying,
filtering and A/ converting Plant electrical
potentials belongs to the biological source of high
resistance and w eak signal; In order to increase signal
precision, the measuring technology als®o varies
acoording to different measuring methods and
environmental oconditions At present, there are
mainly two types of electrodes used for measuranent
of the extra-cellular electric potential differences The
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one is surface-contact felt-tip calomel electrodesw hich
were oppressed to the surface of plant through
electrolyte bridges”***!, this measuring method is
nondestructive to the plant, but the electrolyte tends
to dry out and generally be used for short-term (12 h)
monitoring; another is metal electrodes (A g/A oCl,
foil silk, silver) which were directly pierced the
plant™*, although it has light-damage to plant, this
method can be used for long-tem (up to 7days'")
recordings

Sensor Input protection| _jHigh-frequency Pre-amp Isolation
(Electrode) circuit filtering circuit lifier amplifier
—p Voltage Disturbing/noise | | Data acquisition board PC/
amplifier rejecting circuit (NI PCI-6143) multimeter

Fig 1 Schematic diagran of measuring plant signals

The amplifier circuit is an mportant part of
measuring systen. A s the plant signals are very w eak
and unstable, it isnecessary to be anplified in order to
detect the detail of the signals The gain of amplifier
cannot be too high because of the existence of
polarization; therefore, this instrumentation circuit
was adopted with two-level amplifier (preamplifier
and voltage amplifier). The Fig 2 was the inner
circuit diagram and basic connections The basic
demand of preamplifier is high-impedance, high
common-mode rejection and low offset voltage
NA 114 was chosen to be preamplifier which is laser
trimmed for very low offset voltage (50 1V max), drift
(@ 25w/ ), high ommonmode rejection (115dB)
and quiescent current is 3 mA maxmum, its low-
frequency noise is just Q 4 W/ (frequency: @ 1 10
H2).
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Fig 2 Circuit diagram of instrumentation amplifier

The input mpedance of the amplifier must be high
enough to avoid low frequency distortion A coording
to different typesof electrodes, the source mpedances
have great differences A s for surface-contact felt-tip
calomel electrode, which has the effect of cut-in and
surface touch, its source mpedance can reach about
10°Q, the input mpedance of differential anplifiers
should be between 10% 10°Q in this system, the
electrodes are A g/AgCl electrodes which directly
pierced the plant, the source mpedance is just about
10°Q(the plant w as cucumber, themeasuring distance
betw een electrodeswas 10 15mm), therefore, 10°Q
input mpedance is enough for this differential
amplifier.

In order to minim ize the pow er-line interference (50
Hz) and other background noises, high common mode
rejection ratio (OM RR) is the main features of
instrumental anplifier This instrumentation was

adopted with typical shield driver differential circuit
w hich has better high comnmon-mode rejection and is
very suitable to measurew eak signals

2 Signal processing

2 1 Notching

Filtering and de-noising are the main matter of
processing signals This systean adopted universal
active filter-U FA 42 (BB Corp. ) for notching the 50
Hz power-line interference and an algorithm of
orthonomal multi-resolution analysisof denoising

Figure 3 is the configured as a 50 Hz notch filter;
the notch frequency for the notch filter is set by the
follow ing calculations

fnoten = fo (1)
foisgiven by fo= R—J—F'C' o1 RrF= Ri1= RrzandC
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The notch frequency ismodified by smply changing
the Rr resistors and/or adding external capacitors
The - 3dB bandw idth can be set by with the proper
selection of external componentsR+:, Rz and Rq

Rz2
I

Rf1 Rf2 Rz1

[1

Fig 3 UAF42 configured as a 50 Hz notch filter

2 2 Denoising

W avelet transform is one of the most effective
methods for denoising unstable signals, w aveletsare a
nev fanily of basis functions, well localized in time-
frequency domains A n instrumental signal-f can be
presented as the sum of two components

f=t+ ns (2)

W heret is the ideal signal and nsis the noise

W ith multi-reolution wavelet analysis, the main
stepsof signal denoising are:

1) D ecomposition of the signal,

2) Thresholding (elimination of snall coefficients),

3) Reconstruction of the signal

For the decomposition and reconstruction of the
signal w hich length (N) equals an integer pow er of
wo (N= 2°), the fast pyramnid algorithm by M allat
can be applied A sfor the choice of thresholding, the
most popular one, known as' universal thresholding
(Thu)’, is based on statistical properties of w hite
Gaussian noise, but this definition of threshold value
can lead to overestimation of the noise level To
overcome this problem, the crossvalidation (CV )
theory™™, which was developed to optimize the oft
threshold value, is gpplied here the follow ing is the
gecific procedure

1) Theoriginal datay = (yz1, k, y») , n= 2’ are set
into 2 subsetsof equal size, ranoving the odd-indexed
yi leaves even-indexed yiw hich is re-indexed from j =
1,k, 27 % These re-indexed data are used to construct

a function to estimate’y % using a particular threshold
parameter-Aw ith soft/hard thresholding;
2) The even-indexed points are computed and an

interpolated version of /Yy % is fomed:

0ti= Tt ). 0= LK.n2 (3

3) Setting Y51 = NSy smilarly, the
interpolated version for odd-indexing is formed as

o= ket )L = LK2 (4

4) The threshold level-A is minimized by mean
integrated squared error (M ISE) between the
interpolated w avelet estimators and the left points,

the symbols are
n/2

"=y [(0% - yze02+ (0% - ya)?] (5)
-—1
5) The leave-out half crossvalidation threshold is
defined as

Anin = argr@ipl()l (A (6)

In order to illustrate the performance of the
proposed method, the denoising results of smulated
signals are ocompared by using two methods of
choosing threshold: CV and ThU thresholding, the
denoising procedure was applied by using wavelet
function-the 4th menber of the Biorthogonal fanily.
The result in Fig 4 showed that the more detailed
information was not lost by using CV thresholding,
the reconstruction sguare error (RSE) between the
denoised signal and the ideal was 67 71119; as for
ThU, the resultwas 75 87545, seen from the result,
the CV method ismuch better than the ThU method
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Fig 4 Denoised signalswith CV and ThU thresholding
3 Applications

3 1 M aterialsand methods

Figure 5 is the arrangement of measuring system,
all electrophysiological measurenentsw ere conducted
at a plant incubator (HP1500GS, W uhan Ruihua
instrument & equipment Co. , L td), which waswell
shielded and in which the environmental factors (air
temperature, humidity and the density of
illum ination) could be controlled A n BM -compatible
microcomputer with S series smultaneous sanpling
M ultifunction DAQ-N1 PCI-6143  ( National
Instruments) was interfaced through a multiplexed
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screv teminal accesory board with @ 2 mm non-
polarizable reversible A g/A gCl electrodes and used to
record the digital data Electrode outputsw ere passed
through a custom-made high-impedance instrumental
anplifier and low-pass filter (500 Hz) before the
signalsw ere acquired, frequency of scanningw as 2000
samples/second A g/AgCl electrodes were inserted
into the plant at different positions, the reference
electrode was usually inserted in the stem or in the
root of a cucumber, and the working electrode w as
inserted in the leaf or the upper part of the stam.

A coording to the description'”!, the heat-wounding
can evoke theA P andV P, therefore, the heat stimuli
w as applied in the experment The cucumber upper-
leaf w aswounded by passing a lit match for about 3 s
underneath a region 3 4 an> Cucumber (Changging
1 #, Jilin Province) plants were grown in a
greenhouse for 35 40 days at 20 30 , those of
smilar height (about 12 an) and appearance w ere
selected for the experiments and transferred into plant
incubator.

PC
Lish - LABVIEW
igl t u?mperatule PCI-6143
humidity control

Shielded cable

P4

Working electrode
1 High
e Working electrode impedance

1 instrumental
f Reference electrode

A lifi
gf{\/’&‘ ampiiter

Fig 5 A rrangment for measuring plant electrical signals

FARADAY CAGE

3 2 Realtsand discussion

The wave in Fig 6a is the original signal which
directly measured with DAQ (PCI-6143). Being
w ithout any proceeding, the wave consists of visible
pow er-line interference (50H2z). In themeantime, the
wave in Fig 6b is measured with the instrumental
anplifier (including notching circuit), it is not
interfered by the power-line (50 Hz), but it is still
m ixed w ith other noises (< 500 Hz).

Insertion of electrodes in plants evokes slow
fluctuations of the variation potential in the phloan
and action potential across the stem, after
approximately 1 5 h, the variation potential stabilizes
and action potentials disappear'™. In Fig 7a, the
w ave is the signal w ithout being de-noised, thew ave
in Fig 7b is the result of de-noised signal, w hich is

clearer and it possesses 93 6% energy of original
signal Thewaves in Fig 8 are the plant potentials
evoked by heat wounding; the vertical line is the time
point for heat smulation
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Fig 8 Original signals and processed signals

Based on the property of A P and V P*!, generally,
the V P change slow ly and can be clearly observed in
Fig 7, its varying anplitude can reach 40 mV, and
theV P visible fluctuationw ave can last for about 5 6
minutes Comparedw ith theV P, V P belongs to high-
freqguency signals the multi-reolution wavelet
analysis can be used for decomposing the high-
frequency part from the denoised signals Thewave in
Fig 8 is the high-frequency part which reconstructed
with wavelet decomposition (4th member of the
B iorthogonal family), thew ave can clearly express the
variation of V P, the duration isabout Q 01 Q 02 s,
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and its anplitude gradually dropsoff from 30 40mV
to 15 V.

4 Conclusions

1) The custom-made instrument organically
integrates the high-impedance preamplifier (NA 114)
and low -noise precision operational anplifier (OP27
and TLC2654), its circuit is adopted with typical
shield driver differential circuit with better high
common-mode rejection and is very suitable to
measurew eak signals

2) U sing U FA 42 notching filter and wavelet de-
noisingmethod based on CV thresholding, this system
can effectively avoid pow er-line interference (50 Hz);
multi-resolution w avelet analysis (4th member of the
Biorthogonal family) can be used for decomposing and
reconstructing theAP andV P.

3) The resultsof smulated and practical experiment
show that the design of this measuring systemn can
clearly detect the weak changes of AP and VP
Generally, under the heat stimulation, theA P varying
amplitude can reach 40 mV; the AP changes very
fast, itsduration tme isabout Q 01 Q 02 s and its
amplitude often changesin 15 v 30mV.
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