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Abstract: P lan t po ten tia ls are u ltra2w eak signals, som etim es its amp litude is on ly abou t 10～ 20 ΛV [1, 2 ] , and the w eak parts

of po ten tia l are easily subm erged by no ising. T h is paper in troduced the construct ion and techno logy in develop ing the

m easu ring system fo r p lan t electrical po ten tia ls, the inpu t impedance of the amp lifier m ust be h igh enough (≥1010～

10128 ) in o rder to m easu re the p lan t w eak signals and ensu ring h igh common mode reject ion rat io (CM RR ). In signal

p rocessing, w avelet transfo rm w as app lied in decompo sing and reconstruct ing based on m ult i2reso lu t ion w avelet analysis

and in deno ising based on cro ss2validat ion (CV ) th resho ld value. Fu rthermo re, the paper gives an app licat ion examp le in

m easu ring p lan t po ten tia ls, the experim en t show s that th is system cou ld effect ively detect the change of p lan t po ten tia ls.

Fou r2w eek o ld cucum ber seedlings w ere st im u lated by heat in ju ry, the varia t ion po ten tia l (V P) and action po ten tia l (A P)

w ou ld be evoked, the A P varying amp litude can reach 40 mV ; the A P changed very fast, its du rat ion tim e is abou t 0. 01～
0. 02 s and its amp litude often changes w ith in 15 ΛV～ 30 mV.
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0　 In troduction

　 A bou t 130 years ago , bo th Bu rden2Sanderson
(1873) and Charles D arw in (1875) dem on stra ted the

ex istence of electrica l signa ls in p lan t [ 3 ] , the bu lk of

experim en ts dem on stra ted tha t p lan t po ten t ia ls

con sisted of varia t ion po ten t ia l (V P ) and act ion

po ten t ia l (A P ) [ 4- 7 ]. T he A P is self2perpetua t ing

signa l based on the act ivity of vo ltage2gated channels

w h ich respond to changes in m em b rane po ten t ia l[ 8 ]

(D avies, 1993) ; by con trast, the V P is a loca l change
( in living cells ) to either a hydrau lic su rge o r

chem ica ls t ran sm it ted in the dead xylem [ 9 ] (Stankovic

B , 1997) ; In Ch ina, as fo r p lan t po ten t ia ls, LOU

Cheng2Hou ( A cadem ician, Ch ina A gricu ltu ra

U n iversity ) has researched the tran sm it t ing and

inducing of m echan ism [ 10, 11 ]. U n t il now , in o rder to

research p lan t signa ls, d ifferen t m easu ring m ethods

and m ateria ls have been u sed, and m any papers

p resen ted tha t the p lan t po ten t ia ls varied from 10 ΛV

to 50 mV , bu t ra rely d iscu ssed how to m easu re the

signa ls m o re tru ly.

　Based on the papers w h ich described abou t the

p roperty of the p lan t electrica l po ten t ia ls[ 1, 5- 7, 10, 12, 13 ] ,

being of b io log ica l info rm at ion, p lan t signa ls are very

com p lica ted, it belongs to low 2frequency and un stab le
u lt ra2w eak signa l, and its am p litude and frequency are

very d ifferen t acco rd ing to the k inds of p lan t and
in ten sity of st im u li. Becau se there are unavo idab le

st rong no ises in m easu ring signa ls, effect ive

m easu ring system is very im po rtan t in o rder to avo id

no ise d istu rb ing. T he m ain pu rpo se of th is paper is to
d iscu ss techno logy of m easu ring system fo r p lan t w eak

signa ls and how to acqu ire the true info rm at ion from
the background no ises.

1　System dev ices

　F igu re. 1 is a b lock diagram of m easu ring system fo r

p lan t electric po ten t ia ls. T he w eak p lan t signa ls,

w h ich w ere m easu red w ith electrodes, w ere acqu ired,

sto red and p rocessed in com pu ter th rough am p lifying,

f iltering and A öD convert ing. P lan t electrica l

po ten t ia ls belongs to the b io log ica l sou rce of h igh
resistance and w eak signa l; In o rder to increase signa l

p recision, the m easu ring techno logy also varies

acco rd ing to d ifferen t m easu ring m ethods and

environm en ta l condit ion s. A t p resen t, there are
m ain ly tw o types of electrodes u sed fo r m easu rem en t

of the ex tra2cellu la r electric po ten t ia l d ifferences. T he
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one is su rface2con tact felt2t ip ca lom el electrodes w h ich
w ere opp ressed to the su rface of p lan t th rough

electro lyte b ridges[ 7, 14, 15 ] , th is m easu ring m ethod is

nondestruct ive to the p lan t, bu t the electro lyte tends
to dry ou t and genera lly be u sed fo r sho rt2term (12 h)

m on ito ring; ano ther is m eta l electrodes (A göA gC l,

fo il silk, silver ) w h ich w ere d irect ly p ierced the

p lan t [ 12, 16 ] , a lthough it has ligh t2dam age to p lan t, th is
m ethod can be u sed fo r long2term (up to 7days[ 17 ] )

reco rd ings.

F ig. 1　Schem atic diagram of m easu ring p lan t signals

　 T he am p lif ier circu it is an im po rtan t part of
m easu ring system. A s the p lan t signa ls are very w eak

and un stab le, it is necessary to be am p lif ied in o rder to

detect the deta il of the signa ls. T he gain of am p lif ier
canno t be too h igh becau se of the ex istence of

po lariza t ion; therefo re, th is in st rum en ta t ion circu it

w as adop ted w ith tw o2level am p lif ier (p ream p lif ier

and vo ltage am p lif ier ). T he F ig. 2 w as the inner
circu it d iagram and basic connect ion s. T he basic

dem and of p ream p lif ier is h igh2im pedance, h igh

comm on2m ode reject ion and low offset vo ltage.

INA 114 w as cho sen to be p ream p lif ier w h ich is laser
t rimm ed fo r very low offset vo ltage (50 ΛV m ax) , drif t
(0. 25 ΛV ö℃) , h igh comm on2m ode reject ion (115dB )

and qu iescen t cu rren t is 3 mA m ax im um , its low 2
frequency no ise is ju st 0. 4 ΛV (frequency: 0. 1～ 10

H z).

F ig. 2　C ircu it diagram of in strum en tat ion amp lifier

　T he inpu t im pedance of the am p lif ier m u st be h igh

enough to avo id low frequency disto rt ion. A cco rd ing

to d ifferen t types of electrodes, the sou rce im pedances

have grea t d ifferences. A s fo r su rface2con tact felt2t ip

ca lom el electrode, w h ich has the effect of cu t2in and

su rface touch, its sou rce im pedance can reach abou t

1098 , the inpu t im pedance of d ifferen t ia l am p lif iers

shou ld be betw een 1012～ 1015 8 ; in th is system , the

electrodes are A göA gC l electrodes w h ich direct ly

p ierced the p lan t, the sou rce im pedance is ju st abou t

1068 ( the p lan t w as cucum ber, the m easu ring distance

betw een electrodes w as 10～ 15 mm ) , therefo re, 10108
inpu t im pedance is enough fo r th is d ifferen t ia l

am p lif ier.

　 In o rder to m in im ize the pow er2line in terference (50

H z) and o ther background no ises, h igh comm on m ode

reject ion ra t io ( CM RR ) is the m ain fea tu res of

in st rum en ta l am p lif ier. T h is in st rum en ta t ion w as

adop ted w ith typ ica l sh ield driver d ifferen t ia l circu it

w h ich has bet ter h igh comm on2m ode reject ion and is
very su itab le to m easu re w eak signa ls.

2　Signa l process ing

2. 1　Notch ing
　 F iltering and de2no ising are the m ain m atter of

p rocessing signa ls. T h is system adop ted un iversa l

act ive filter2U FA 42 (BB Co rp. ) fo r no tch ing the 50

H z pow er2line in terference and an algo rithm of

o rthono rm al m u lt i2reso lu t ion analysis of deno ising.

　F igu re 3 is the configu red as a 50 H z no tch filter;

the no tch frequency fo r the no tch filter is set by the
fo llow ing ca lcu la t ion s:

f N O T CH = f 0 (1)

f 0 is g iven by f 0 =
1

R F õ C õ 2Π; R F = R f 1 = R f 2 and C

= C 1 = C 2
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　T he no tch frequency is m odified by sim p ly changing
the R F resisto rs andöo r adding ex terna l capacito rs.

T he - 3dB bandw id th can be set by w ith the p roper

select ion of ex terna l com ponen ts R f 1, R f 2 and R q.

F ig. 3　UA F42 configu red as a 50 H z no tch filter

2. 2　D eno ising
　W avelet t ran sfo rm is one of the m o st effect ive

m ethods fo r deno ising un stab le signa ls, w avelets are a

new fam ily of basis funct ion s, w ell loca lized in t im e2
frequency dom ain s. A n in strum en ta l signa l2 f can be

p resen ted as the sum of tw o com ponen ts:

f = t + ns (2)

W here t is the idea l signa l and ns is the no ise.

　W ith m u lt i2reso lu t ion w avelet ana lysis, the m ain

step s of signa l deno ising are:

　1) D ecom po sit ion of the signa l,

　2) T h resho ld ing (elim ina t ion of sm all coefficien ts) ,

　3) R econ struct ion of the signa l
　 Fo r the decom po sit ion and recon struct ion of the

signa l w h ich length (N ) equals an in teger pow er of

tw o (N = 2P ) , the fast pyram id a lgo rithm by M alla t

can be app lied. A s fo r the cho ice of th resho ld ing, the

m o st popu lar one, know n as‘un iversa l th resho ld ing
( T hU )’, is based on sta t ist ica l p ropert ies of w h ite

Gau ssian no ise, bu t th is defin it ion of th resho ld va lue

can lead to overest im at ion of the no ise level. To

overcom e th is p rob lem , the cro ss2valida t ion (CV )

theo ry [ 18 ] , w h ich w as developed to op t im ize the soft

th resho ld va lue, is app lied here; the fo llow ing is the

specif ic p rocedu re:

　1) T he o rig ina l da ta y = (y 1, k , y n) ′, n = 2J are set

in to 2 sub sets of equal size, rem oving the odd2indexed
y i leaves even2indexed y i w h ich is re2indexed from j =

1, k , 2J - 1. T hese re2indexed data are u sed to con struct

a funct ion to est im ate ĝ e
Κ u sing a part icu la r th resho ld

param eter2Κw ith softöhard th resho ld ing;

　2) T he even2indexed po in ts are com pu ted and an

in terpo la ted version of ĝ e
Κ is fo rm ed:

g e
Κ, j =

1
2

( ĝ e
Κ, j+ 1 + ĝ e

Κ, j ) , j = 1, K , nö2 (3)

　 3 ) Set t ing ĝ e
Κ, nö2+ 1 = ĝ e

Κ, 1; sim ila rly, the

in terpo la ted version fo r odd2index ing is fo rm ed as:

g o
Κ, j =

1
2

( ĝ o
Κ, j+ 1 + ĝ o

Κ, j ) , j = 1, K , nö2 (4)

　 4 ) T he th resho ld level2Κ is m in im ized by m ean
in tegra ted squared erro r ( M ISE ) betw een the

in terpo la ted w avelet est im ato rs and the left po in ts,

the sym bo ls are:

M̂ (Κ) = ∑
nö2

j= 1
[ (g e

Κ, j - y 2j+ 1) 2 + (g o
Κ, j - y 2j ) 2 ] (5)

　5) T he leave2ou t ha lf cro ss2valida t ion th resho ld is

defined as:

Κm in = arg m in
Κ≥0
^ M̂ (Κ) (6)

　 In o rder to illu st ra te the perfo rm ance of the

p ropo sed m ethod, the deno ising resu lts of sim u la ted

signa ls are com pared by u sing tw o m ethods of
choo sing th resho ld: CV and T hU th resho ld ing, the

deno ising p rocedu re w as app lied by u sing w avelet

funct ion2the 4th m em ber of the B io rthogonal fam ily.

T he resu lt in F ig. 4 show ed tha t the m o re deta iled
info rm at ion w as no t lo st by u sing CV th resho ld ing,

the recon struct ion square erro r (R SE ) betw een the

deno ised signa l and the idea l w as 67. 71119; as fo r
T hU , the resu lt w as 75. 87545; seen from the resu lt,

the CV m ethod is m uch bet ter than the T hU m ethod.

F ig. 4　D eno ised signals w ith CV and T hU th resho lding

3　Appl ica t ion s

3. 1　M a ter ia ls and m ethods
　F igu re 5 is the arrangem en t of m easu ring system ,

a ll electrophysio log ica l m easu rem en ts w ere conducted

a t a p lan t incubato r ( H P1500GS, W uhan R u ihua

in strum en t & equ ipm en t Co. , L td) , w h ich w as w ell
sh ielded and in w h ich the environm en ta l facto rs (a ir

tem pera tu re, hum id ity and the den sity of

illum ina t ion) cou ld be con tro lled. A n IBM 2com pat ib le
m icrocom pu ter w ith S series sim u ltaneou s sam p ling

M u lt ifunct ion DAQ 2N I PC I26143 ( N at iona l

In st rum en ts ) w as in terfaced th rough a m u lt ip lexed
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screw term ina l accesso ry board w ith 0. 2 mm non2
po larizab le reversib le A göA gC l electrodes and u sed to

reco rd the d ig ita l da ta. E lectrode ou tpu ts w ere passed

th rough a cu stom 2m ade h igh2im pedance in strum en ta l
am p lif ier and low 2pass filter ( 500 H z ) befo re the

signa ls w ere acqu ired, frequency of scann ing w as 2000

sam p lesösecond. A göA gC l electrodes w ere in serted

in to the p lan t a t d ifferen t po sit ion s, the reference
electrode w as u sua lly in serted in the stem o r in the

roo t of a cucum ber, and the w o rk ing electrode w as

in serted in the leaf o r the upper part of the stem.

　A cco rd ing to the descrip t ion [ 7 ] , the hea t2w ounding
can evoke the A P and V P, therefo re, the hea t st im u li

w as app lied in the experim en t. T he cucum ber upper2
leaf w as w ounded by passing a lit m atch fo r abou t 3 s
undernea th a reg ion 3～ 4 cm 2. Cucum ber (Changqing
1 # , J ilin P rovince ) p lan ts w ere grow n in a

greenhou se fo r 35～ 40 days a t 20～ 30℃, tho se of

sim ila r heigh t ( abou t 12 cm ) and appearance w ere
selected fo r the experim en ts and tran sferred in to p lan t

incubato r.

F ig. 5　A rrangm en t fo r m easu ring p lan t electrical signals

3. 2　Results and d iscussion
　T he w ave in F ig. 6a is the o rig ina l signa l w h ich

direct ly m easu red w ith DAQ ( PC I26143 ). Being

w ithou t any p roceed ing, the w ave con sists of visib le
pow er2line in terference (50 H z). In the m ean t im e, the

w ave in F ig. 6b is m easu red w ith the in strum en ta l

am p lif ier ( includ ing no tch ing circu it ) , it is no t

in terfered by the pow er2line ( 50 H z) , bu t it is st ill

m ixed w ith o ther no ises (≤500 H z).

　 In sert ion of electrodes in p lan ts evokes slow

fluctua t ion s of the varia t ion po ten t ia l in the ph loem
and act ion po ten t ia l acro ss the stem , after

app rox im ately 1. 5 h, the varia t ion po ten t ia l stab ilizes

and act ion po ten t ia ls d isappear[ 16 ]. In F ig. 7a, the

w ave is the signa l w ithou t being de2no ised, the w ave

in F ig. 7b is the resu lt of de2no ised signa l, w h ich is

clearer and it po ssesses 95. 6% energy of o rig ina l
signa l. T he w aves in F ig. 8 are the p lan t po ten t ia ls

evoked by hea t w ounding; the vert ica l line is the t im e

po in t fo r hea t sim u la t ion.

F ig. 6　P rocessed signals and o riginal signals

F ig. 7　U n2deno ised signals and deno ised signals

F ig. 8　O riginal signals and p rocessed signals

　Based on the p roperty of A P and V P [ 11 ] , genera lly,

the V P change slow ly and can be clearly ob served in
F ig. 7, its varying am p litude can reach 40 mV , and

the V P visib le fluctua t ion w ave can last fo r abou t 5～ 6

m inu tes. Com pared w ith the V P, V P belongs to h igh2
frequency signa ls; the m u lt i2reso lu t ion w avelet
ana lysis can be u sed fo r decom po sing the h igh2
frequency part from the deno ised signa ls. T he w ave in

F ig. 8 is the h igh2frequency part w h ich recon structed

w ith w avelet decom po sit ion ( 4th m em ber of the
B io rthogonal fam ily) , the w ave can clearly exp ress the

varia t ion of V P, the du ra t ion is abou t 0. 01～ 0. 02 s,
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and its am p litude gradually drop s off from 30～ 40 mV
to 15 ΛV.

4　Conclusion s

　 1 ) T he cu stom 2m ade in strum en t o rgan ica lly
in tegra tes the h igh2im pedance p ream p lif ier ( INA 114)

and low 2no ise p recision opera t iona l am p lif ier (O P27
and TL C2654 ) , its circu it is adop ted w ith typ ica l
sh ield driver d ifferen t ia l circu it w ith bet ter h igh
comm on2m ode reject ion and is very su itab le to
m easu re w eak signa ls.
　2) U sing U FA 42 no tch ing filter and w avelet de2
no ising m ethod based on CV th resho ld ing, th is system
can effect ively avo id pow er2line in terference (50 H z) ;
m u lt i2reso lu t ion w avelet ana lysis (4th m em ber of the
B io rthogonal fam ily) can be u sed fo r decom po sing and
recon struct ing the A P and V P.
　3) T he resu lts of sim u la ted and p ract ica l experim en t
show tha t the design of th is m easu ring system can
clearly detect the w eak changes of A P and V P.
Genera lly, under the hea t st im u la t ion, the A P varying
am p litude can reach 40 mV ; the A P changes very
fast, it s du ra t ion t im e is abou t 0. 01～ 0. 02 s and its
am p litude often changes in 15 ΛV～ 30 mV.
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植物微弱信号测量系统的研究与应用

李国臣1, 2, 于海业1, 马成林1

(1. 吉林大学生物与农业工程学院, 130025; 　2. 沈阳农业大学工程学院, 110161)

摘　要: 植物电位信号属于微弱电信号, 研究表明, 它的幅度在十几 ΛV 到几十个mV 之间, 而这种微弱信号很容易淹没在噪声中。介
绍了适用于微弱信号检测的一般方法, 并根据试验中所开发的植物电位信号采集与处理系统, 详细说明了以 INA 114 为主要放大器所
组成的前置放大器的结构、限波电路和基于CV 阈值的小波降噪算法。此外, 采用黄瓜幼苗 (3～ 4 片展开叶)为样本, 进行试验应用, 经
试验可检测到黄瓜幼苗在热伤害下的植物电位信号, 其变异电位的变化较大, 最大可达 40 mV 以上, 而动作电位的变化较快, 经小波
重构的信号可明显地反映动作电位的变化位置和变化周期, 其周期变化范围通常在 0. 01～ 0. 02 s。
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