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Characteristic analysis of and research on plant electrical signal under plant drought stress
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Abstract: Plant electrical signals reflect plant growth and environmental changes, and under-
standing the electrical signals of plants helps to understand the physiological activities of plants.
Because plant electrical signals are highly random and subject to noise, it will exhibit complex
time-varying characteristics when the plant performs its own adjustment. Therefore, there are
certain difficulties in signal acquisition, noise reduction and analysis processing. This article,
from the perspective of bioelectric technology, analyzes the potential characteristics of plants un-
der different water stresses. Based on the theoretical study on machine learning, through ad-
vanced signal processing and by analysis methods, a comprehensive analysis of the characteristics
of plant electrical signals in the time domain, the frequency domain and time-frequency domain
can interpret the characteristics of plant electrical signals.
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Tab.1 Db4 and Haar wavelet signal to noise ratio
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Tab. 2 Three water stress statistical parameters

for spider plant electrical signals
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* 2 R 2GS RORAE LUK B TR
G, RPESHTTZZH/NT 20 n V2L UL IE N B0
THYHRAE S R D R IR Y B E T A B
— RS E S

Xt 22 E Y L IR TR D a0 A A A2 4l
X HAR Ay A AR S I R B e e R, R
TE « i - e 5 KB AR L HL AR S BB AE B AP T B 5 1



324 PO 3 TR 222 R (201945 35 B4 3 )

HAEEEKET BESRERE 2.0,V AL T
BAE 6wV AT ENBTE—2.1 oV A2 T R +
S K i 2 I (LR 2 O LA S IR K A AL
FR I 23 A A K 0 3 N R R AR AN R

XA K AR 5 247 Fourier 48 4 HOFUR 7 JE WL
Kl 6.,

500
400
%
@ 300
=
=200
100
oLt . .
0 10 20 30 40 50
AR /Hz
(a) FIEEIKES.15%
25
20
>
215
o
= 10‘}
\
1
0 [P, .
0 10 20 30 40 50
A /Hz
(b) THEEE/KE12.5%
50
40}
%
s %
=
= 20 }
O = A n " n
0 10 20 30 40 50
AR /Hz

(c) THETKE23.6%
K6 =FRET B3 siIg
Fig. 6 Waveform of frequency domain in three states
6 W] X T i 22 BB KA Y, TS KR
AR HAR Py HL A 2 WU E R R B, R AR
TE 24 H A K B8R 78 I G B 5 ) » O
LEPAE 0 ~10 Hz Z[8], DL 5 Hz o R K EA
FEAE CF 5 I A A 3 B R R 4 e, 2 2 0 A A
0 HzfE £

Xt 7 681 A SRAE R IR ) R
W7, WE T & WA S S 35 R 4y
e 15 Hz LU, 15 Hz BT g3 i B 2 22 9F %
I, BEATE —50dB. {55 1 48 K 43 D) 3% & A
RAME 2~5 Hz JRHHE AL T —30 dB 01, i 358 W]
R LA o AN SRS T LA 5 B 1 583, 2 — b g

B EY RG-S T RRET RT3 EE
S T IEHARS TR (L

50
m
S
;;a W.W%
;E: v
5 50 #wmmv(wwlmwwwwmw
=)

~1005 10 20 30 40 50

B /Hz
(a) TIES KES. 15%
50

m
N
= 0
ﬂ:\rgt ‘&“'Vr-‘w
% 50 Ty "
5 “ [k

~100; 0 20 30 40 50

AR /Hz
(b) TIEE K2, 5%
50

m
3/
£ 0
= M
= e
& 50 ’ﬂmm'mﬁ %MWW "
x i kil

10 10 20 30 40 50

A /Hz
(c) TIEFIKE23. 6%

FL7 o =FRET TRk g
Fig. 7 Waveform of power spectrum in three states

X AL Fourier 284 (STFT) Xt HAH ¥ i {5
S HEAT TR B AR 23 B, Hrh A I Fourier 72
B PR R Kaiser i pR 40, B 58 58 B S 360 s
RO HER LA 8,

8 M B (0 3 7 BE BB R A AR 40 (0 R fE
HAL. B8 AT a4, i 22 A S R Fourier
ARG B WA 15 Hz LN RZ A 10 Hz, Jii
SRR K EZHER T 2~5 Hz UK VIT . 53 /& 3
B ia R B A L M e T RS R
v fe 0 [ P S A A, BV R AR R i L A e
B v DXl 0 3

3 ETHENKZNEYRESIRAERET

i MATLAB 9 #h 26 ¥ 4% T. H. 47, L BP fif
2 W2 IEAT A5 5 AU G AR I . BP #2282
BRI R 50 A Dh/NE LS AR 4 000 4
SRR 70 Y0 W BEAE R I 25 4E (Training) . 15 %0 1)



JE A L4 T R R ZS T A WL AE S RRAE S S AT A 325

B AE R IR 5 (Testing) £ 15 % B E0 40 78 Ky 56 31E
£E (Validation) , A Il ZR 42 F 5 ik 4 32 22 ] T BP
BT 0 B Pt Tl 30 A5 R %) o 7 4 4 R 45 4
I ZARL MR e b . IR &h R L Az I R s 7
) MSE 1 R i1 £k, WA 9,

100 20 30 40 60 80
it 1]
(a) LHESKES.15%

SR /Hz

1)

0.70
0.65
0.60

0.55

100 20 30 40 50 60 70
A 1]
(o) EHEB K E23.6%

K 8 STFT 74853 K
Fig.8 STFT transform Spectrum map
ME 9 Ca) af DL 2, — 4% MSE fi 26 JL T 5¢
AT A H T R R S UL B A I R AT
iy A TIN5 S PR 1R 2 R BN, T B ZR B
JRCA B TE I 2R 4R 30k 4 AN AR i R B [R] L R
MARGAEFRAE
M 9(b) ok R A #h & AE =B &b iy
IEA R E 99 %0, IF H = AN B0 45 0 IE 1 R 25 57
AN AT LIRS 1 22 33 i AR 9 19 FL A5 5 % T 3R 58 K
Jofh 30 R A 0 R 0 ABE AR AT LR S B Rl
PR TP A BRI T AE . . DL BP b 28 9 2% Oy
Sl A W B UL A8 2 > ZE A W AT 5 0 TR0 0 T )
BT E S7 J7 1H] S A — 2 I A (.

10'
— train
~—— Validation
1 —=
2 10"
10°
10°
0 20 40 60 80 100 120 140 160
165 Epochs
(a) MSE £ &

Validation:R=0.99398

Training:R=0.99473

21 21

Siof Zp S1o ~pe

fosg T 308 YT

£04 Eo6 °

+ 0.4 »04 8

302 202

10,0 100

£02] 202 i i

8 0 05 10 © 0 05 10
Target Target

- Testing:R=0.99441 | All:R=0.99456

él' © Data §1'2 © Data

$1.0 —Fit g 1.00 —Fit

fosg YT $o08 YT

5 3

506 Eo6

»04 »04

202 202

100 100

£0.2] 202

= 0 05 10 © 0 05 10
Target Target

(b) R 2

K9 MSE i R {f #h 2k &l
Fig. 9 MSE and R value graph

4 £

D) fERER Y AT 5 W SR T X A ] B e
5T BB R0 20 B ALK BE 3 BT Rl A AR Y LA
B dba” 3 J2 /N Fe e L TRl X 25 e S 115 5 kAT T
I 388 AT R B AT 35K A G 3 A B E T A LA
55 AR AR LM R BE AL 2R 5 T R E(E 5+
TOAKEMAHIE R,

2) R T BP M&MEEMYBET S LS
K HAEAA R BB Y T YRGS
55 - 1 KRR I TR 3 A S ASE AR S X ) A B
K T 36 R T AL

3 MYHES R -MERNES KIHESH
FEIE S 505 S R 55 A8 Ak 1 AH 56 6 R0 e e ARl
U B AR

SECHk:

(1w, I, X, & BET/NEmEY B ESFERY
HEATIELT ). PELB TR 24, 2013, 29(1): 92-97.
GANG Xiang, XI Gang, LIU Kai, et al. The study of
de-noising method about plant electrical signal based on
wavelet[ J]. Journal of Xi’an University of Technology,
2013, 29(1) . 92-97.

[2] VOLKOV A G. Green plants: electrochemical inter-
faces[J]. Journal of Electroanalytical Chemistry, 2000,



326

VG223 TR 222447 (2019) 45 35 45 3 1Y

(3]

(4]

(5]

[6]

[7]

[8]

(9]

483(1): 150-156.

A, T2, R, . SHEREYAEES S
Pridl. A E R A= Ber i, 2006, 17 (4): 333-336.

LI Qiao. WANG Lanzhou, LI Dongsheng, et al. Anal-
ysis of electrical signal of three species in compositae
[J]. Journal of China Jiliang University, 2006, 17(4);
333-336.

TR, H o1, DIbR. 5. MYBRCE B S TEL R
LRGBS EH, 2014, 221D
3728-3731.

ZHANG Xiaohui, LI Yangzhen. MA Hongbiao, et al.
Design of online measuring system of plant electrical
signal [J]. Computer Measurement & Control, 2014,
22(11) . 3728-3731.

G FHL AR TN AR AR S R MR K R AT R LD .
Vi PELEEL TR, 2013,

GAO Xiang. Wavelet-based plant electrical signal de-
noising and its application [D]. Xi’an: Xi’an Universi-
ty of Technology, 2013.

RiEE, T AR, 256k, % MY HBES SRR
BRI, A RRE . 2009, 37(30): 14583-14584.
LU Jingxia, DING Weiming., LI Lin., et al. Current
status of techniques about electrical signal in plants[]].
Journal of Anhui Agricultural Sciences, 2009, 37(30):
14583-14584.

BRI, S5k, E%E ., . MATLABEMPHRLE S
R g b 33 eh (g 37 DD, A TR S 2017, (4), 41-44,
HU Junhai, QI Ji, WANG Yingnan, et al. Application
of Matlab in de-noising of plant electrical signal[J]. Ag-
ricultural Engineering, 2017, (4), 41-44,

Rl B AR A 5 R R 20 A JH S BRI B T O R B
FE[D]. B at: M At K2, 2012.

LU Jingxia. Analysis of plant electrical signal character-
istics and its relationship with environmental factors
[D]. NanJing: Nanjing Agricultural College, 2012.
FERF, FATE, PRk JET R PGS Y AR S
Wit Z G Wit [J] Ml TR A, 2009, 38(1):
95-97.

WANG Lingling, WENG Shaojie, CHEN Wei. Design
of measurement system for electrical signal in plant
based on virtual instrument[]]. Mechanical &. Electrical

Engineering Technology, 2009, 38(1): 95-97.

[10] TLLE. Z80E, W3, & ATEZRESETAKE

Mo RLT] PARAMOLAL, 2016, 45(3) ¢ 75-80.

DING Hongxing, LI Mintong. GUO Jiao, et al. The
relationship between electrical signal and moisture con-
tent of clivia miniata[ J]. Journal of West China For-

estry Science, 2016, 45(3);: 75-80.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

FEEML BRI, W YR AE S D5 R
(0], E 2B 4. 2008, 19(1) ¢ 10-19.
WANG Lanzhou, LI Dongsheng, LI Qiao. Advance
on the testing research of weak electrical signals in
plants[J]. Journal of China Jiliang University, 2008,
19(1) . 10-19.
E2E, BT, RS B ST B A A R AR
B )], b E &= B4, 2010, 21
(3): 192-200.
WANG Lanzhou, HU Anyu, A vista on growth infor-
mation transmissions of weak electrical signals in
plants[J]. Journal of China Jiliang University, 2010,
21(3): 192-200.
T BETE. FRBE A T AR LS S AR A B 52 [ DL
V%, PWEH T R4, 2012,
MEN Xiaoli. Study on the change law of plant electri-
cal signal under environmental stress[D]. Xi’an: Xi’
an University of Technology, 2012.
fF 2L, T Z RNl AU 505 00 140 BB A5 5 AT
BB RHLTFSE . 2013, 35(9); 38-40.
FU Huikai. Feature extraction of plant electrical sig-
nals based on multi-wavelet entropy and signal entropy
[J]. Journal of Agricultural Mechanization Research,
2013, 35(9) . 38-40.
HUANG Lan, WANG Zhongyi. Computing methods
in analyzing plant electrical signal[J]. Journal of Agri-
cultural Engineering, 2002, 18(5); 39-42.
T DA, R BT R ES SR
geormy et % Tk w55 B R R R R, 2015,
25(1): 66-69.
ZHOU Xianfei, MA Shuxiang, QIAN Feng. Experi-
mental design of signal analysis system based on virtual
instrument[ J]. Journal of Luoyang Institute of Science
and Technology, 2015, 25(1); 66-69.
FEME. FET Z/INBEGFIAE 5 0% 0 4 0 L A 5 R AR 2
(0], Ll 5 4 R, 2016, 12(7): 178-180.
SHU Bin. Feature extraction of plant electrical signals
based on multi-wavelet entropy and signal entropy [J].
Computer Knowledge and Technology, 2016, 12(7):
178-180.
g, A, EEE, %, T NFDAQmx MAEY
HE SR ARG L) ] VLR B 7, 2014, 42(12) .
326-328.
WU Hai, TIAN Liguo, WANG Jianguo, et al. Study
on plant electrical signal detection system based on NI-
DAQmx[]J]. Jiangsu Agricultural Sciences, 2014, 42
(12). 326-328.

CF #5332 7O



33

2 VG223 TR 222447 (2019) 45 35 45 3 1Y

[10]

[11]

(12]

ponents based on strengthening effects of low-amplitude
loads below fatigue limit[J]. Fatigue &. Fracture of En-
gineering Materials &  Structures, 2012, 35 (3).
269-2717.
e R 28 UKL A 0 A BT 5 0 4 BT K
PRALLD]. 220 22 B TR, 2017,
GAO Ganggang. Design, simulation analyses and opti-
mization of a new speed-increasing gearbox for wind
turbine with double rotors[ D]. Lanzhou: Lanzhou U-
niversity of Technology, 2017.
Wi g, 397 SR M. RO A bR % R
#, 2002.
RAALHE , FRAABR, T4 2. TR 2 0 A R 1 Y 9% 57
Fedm Al F 77wk L10. BMLAR TR 2% 4. 2013, 49(8).
115-122.
ZHAO Lihui, ZHENG Songlin, FENG Jinzhi. Fatigue
life prediction based on simplified low-amplitude-load
strengthening model[ J]. Journal of Mechanical Engi-
neering. 2013, 49(8):115-122.

[13]

[14]

[15]

[16]

BERST, ZANL LB HIMI. 58 8 k. dbat. & 5%

HE AL 2006,

R, FETHEAMAE IR BG5BT AT

[D]. R .FEHRKY¥, 2013.

XU Liang. Dynamic characteristics research based on

load spectrum of megawatt level wind turbine gearbox

[D]. Chongqging: Chongqing University, 2013.

AR BRI AL — R Y % A A TP A

RO, HUMGEFE . 2014, 36(2):261-266.

ZHENG Songlin, JU Fangchao, FENG Jinzhi. A new

fatigue life prediction model by random load spectrum

[J]. Journal of Mechanical Strength, 2014, 36 (2):

261-266.

A AR W 28 X 9 T Al 57 3 i 5 M Y 3l e

eI, HULMGRE , 2002, 24(4):547-549.

ZHENG Songlin. Studying the effect of low amplitude

loading on fatigue life of truck front axle[J]. Journal

of Mechanical Strength, 2002, 24(4) :547-549.
(FAL4niE  E4HD)

(3255 326 1O

[19]

[20]

(21]

TRBEHE, NTME, K, F ERT/NEEW A EY ARG
SIS RRAE AT (1], 79 %2 BTk 2 2R, 2011, 27
(4) . 411-416.

ZHANG Xiaohui, YU Ningmei, XI Gang, et al. The
analysis on spectrum characteristic of plant electrical
signal based on wavelet de-noising[ ]J]. Journal of Xi’an
University of Technology, 2011, 27(4) . 411-416.
ZEE, T, 284, 5. EYBAESRES L
B L ElT ] RAEHTSE . 2006, 6. 145-148.

LI Guochen, YU Haiye, LI Qiangzheng, et al. Discus-
sion on method of measuring and proceeding plant
physiological signals[J]. Journal of Agricultural Mech-
anization Research, 2006, 6. 145-148.

BURRA, FEIR, WEtNl. T LabVIEW AR 09 /3
AN AL T (T, B Ah B I R OR 2005, 24

[22]

(8): 18-21.

DUAN Xiaojie, WANG Baozhu, PAN Honggang. De-
sign of virtual wavelet noise eliminator based on Lab-
VIEW[]J]. Technology Electronic Measurement Tech-
nology, 2005, 24(8):18-21.

WRil . STAAE, FIF, 5. LT R BULER AN ik P 1
R L fE S R g et U] P E AR AL, 2010,
231(5): 94-97.

CHEN Wei, WENG Shaojie, WANG Lingling, et al.
Design of the measurement system for week electrical
signal based of virtual instrument and wavelet de-noi-
sing [J .
231(5): 94-97.

Chinese Agriculture Mechanization. 2010,

(AL 4538



