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Study of Generic Model to Nondestructively Test Leaf Moisture Content in Five Medicinal Plants

ZHENG Junbo(Zhejiang Research Institute of Traditional Chinese Medicine Co., Ltd., Hangzhou 310023, China)

ABSTRACT: OBJECTIVE To rapidly, correctly and nondestructively detect leaf moisture content by electrical measuring
method in medicinal plants. METHODS The leaf capacitance, resistance and thickness were detected by using the
self-designed parallel-plate capacitor and improving resistance measuring method in privet, polygonum multiflorum, ginkgo,
kudzu and solanum sigrum sinne. Measured data was analyzed by SPSS 19.0 software for intraclass correlation coefficient verify
the reliability of the data. The leaves were divided into training set and test set. The training set was analyzed with Excel
regression. The fitting equation was established among leaf moisture content, capacitance, resistance and thickness. The fitting
equation was used to predict the leaf moisture content in the test set. RESULTS The data reliability of capacitance among
different leaves of the same medicinal plant was good. The data reliability of resistance among different leaves in polygonum
multiflorum, kudzu and solanum sigrum sinne was good, and the data reliability of leaf resistance was general in privet and
Ginkgo. The data reliability of capacitance and resistance among different medicinal plants was general. The data reliability of
thickness among groups of different medicinal plants was good. By Excel regression analysis, R* was 0.959 7, adjusted R* was
0.951 0, significant value P=5.36x107"°, fitting equation Y=23.548 3+0.021 6 X,+12.705 8 X,+106.786 1 X5, DW=2.284, the
fitting effect of the model was good. The model was used to predict the moisture content of the test set, and the errors were
between 1.98% and —1.55% compared with the drying method. CONCLUSION The model can be used as a generic model for
predicting leaf water content of the five medicinal plants.
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Fig. 1 Structural schematic diagram of capacitance sensor
1—-plastic clip; 2—substrate; 3—parallel-plate electrode; 4-leaf.

122 EHAREMEM SKkETEAR NS
K =t 5 & &)/ i Fx 100,
1.2.3  EBEME TR 2 MRS ERE, L
SELE BN H B gE ) BRI FEENE, B
EWPEE A S5 om, RAFSLHE, WERAE 2 H
SEH A R AL A — /N AT R K, FRE 30s
JE R, Wt S TR, R EE N 2 k.
1.2.4 W E RIS R0 R R K
N R 500 2 0 7 PRI e JE BEE o AN R 22 R 3
B e RIE, &3 R EEN 4 K.
1.25 it ik WA K &R 2L (intraclass
correlation coefficient, ICC)# H T 1F [A] — MAZ
I 25 R 0 — Btk ] FE . — AN 1CC<0.4
FoR T REVER 2, 0.4~0.75 2 18] Al FEdE— %, >0.75
PR EENE RAF . LA ARSC R BN SPSS 19.0 Bk fF
GNT, MINEE, S i — CREET — “n]
FEME T, R RN RRET. SR,
BN 2 R AV S VS, RN E
HVE AT EENE, PR 2 AV H VS
BE, B2 PEE W E R TR, At
FORNBAVEEE, KR E 57

AR A excel #AE 4T, i “ B 7 —“ %k
Pobr”, WOk “EIE” — “BE”, YHAX
BWONEIKEERYE, X A XIEO N AR
Hm, BIEE 95%.
2 HBR57H
2.1 FHIE 245 FRE AN Ay TAT ) 25 T St v
2.1.1  AH[E 25 YA [R5 18] B 28 2H P AH G &
B &t 1~9 S, BB 3 ), NI
R[] ) P FLA I B A SR LR 1

R E AR 255 2019 4E 11 H %8 36 55 21 )



R/1 Lyt RANEE

Tab. 1 Capacitance of leaf in privet pF
iR 1 2 3 4 5 6 7 8 9
EH1 206 189 180 191 269 269 199 243 206
FH2 214 187 179 190 269 269 192 245 206
HEH3 220 187 180 194 260 268 185 245 203

YR 1 A gin R 3 IRE R 2 AT
SPSS 19.0 ICC 43#fr, SR WK 2. Luiht )2 1A
HLZF BN & ICC {H N 0.987(P<0.001), %ds vl 52
PER T

®2 LT RERAA A KRR

Tab. 2 Intraclass correlation coefficient of capacitance
among different leaves in privet
95% B 15 X [A] 18 ELE 0 1Y F AR
M H Icc
TR LR fH dfl df2 Sig
BANE 0987 0962 0.997 214.739 8 16 0.000
SFHIME 0.996 0987  0.999 214.739 8 16 0.000

S —F, e s, |mE. 5. k¥
AR BATH AR R, T S A
REANE ICC H N 0.917(P<0.001), 4RA N
0.941(P<0.001), %54 0.963(P<0.001), ¥ K
0.869(P<0.001), i n] FEMEHT R 4T .
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Tab.3 Resistance of leaf in privet MQ
ST 1 2 3 4 5 6 7 8 9

10728 0.864 0.88 0.861 0.932 0.864 0.802 0.873 0.807
2 0731 0.861 0.899 0.941 0.883 0.857 0.905 0.828 0.780

%ot 2 3 w4y L BE T SPSS 19.0 AT
HRAE N, Lot T HE PR AN E 1CC E
M 0.696(P<0.01), ] FEt:—M. 258K 4.

F4 et A e A A K R
Tab. 4 Intraclass correlation coefficient of resistance among
differefnt leaves in privet

95% & 15 X 7] fFFEAE 0 1 F IG5
2H 5 icc

TR ER 4 df1 df2 Sig
BN 0.696 -0.015 0.928 10.135 8 16  0.002
SFEIIE 0996 —0.030  0.963  10.135 8 16  0.002
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B ICC N 0.868(P<0.01), #i45 A 0.460(P<0.05),
BN 0.876(P<0.01), J#2& 0.777(P<0.01), fH
B0 BERORZERAE TSN R AF, HRA R T S
— K.
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Tab. 5 Mean value of leaf capacitance among different

plants pF
ELRE) 2 fiE s = Y3
1 21347 415+14 163+2 1 252+89 852485
2 188+1 45117 159+2 429+59 823+46
3 180+1 468+11 160+1 565+49 579410
4 192+2 602+7 159+0 1 100+£60 T11+41
5 266+5 517+16 161£3 500+16 609+13
6 269+1 595+39 158+1 535+72 640+19
7 192+7 523+26 165+1 360+26 671+27
8 244+1 563+10 153+1 1 009+107 605+42
9 205+2 508+10 147+1 685+21 555+22

PR S s PG RAEY 9 At A E AR M
HEAT SPSS 19.0 HWAH K REr#r, 4R WK 6.
A E AN ICC fH N 0.724(P<0.001), £i¥
ATEEME— .

®6 AR E AL A KR
Tab. 6 Intraclass correlation coefficient of leaf capacitance
among different plants
95% B XA fEAHE 0 19 F i
TR ER O E dfl o df2 Sig
AR 0724 0434 0959 25375 4 32 0.000
FHME  0.959 0.873 0995 25375 4 32 0.000

2.2.2 ARG A Ta] e 2 4 P AH 9% R B
S vi. FIEE . ARA . BARZENIREIN 9 F
M R E RN ERIE, SRILE 7.
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Tab.7 Mean value of leaf resistance among different plants

45 Icc

MQ

ELRE) g MEL A ] Tk
1 0.730 1.087 1.145 1.058 1.257

2 0.863 1.047 1.179 1.348 1.213
3 0.890 1.096 1.146 1.466 1.095
4 0.901 1.393 1.316 1.388 1.248
5 0.908 1.261 1.355 1.822 1.153
6 0.861 1.291 1.261 1.442 1.248
7 0.854 1.405 1.231 1.667 1.242
8 0.851 1.567 1.278 1.787 1.344

9 0.794 1.603 1.274 1.542 1.044
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Intraclass correlation coefficient of leaf resistance
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Tab. 8
among different plants

95% EIF XA

I EAE 0 1 F RIS

WA B e NER B 6, A,
BH. MR, SRIRgil s 5 PR - gL

FKE. 1AM 3 HABIEMENE 11, Xt
11 B3 Excel HASHT, SKENFZ SR,
. B, HEZERNEZRE, BIASHE R
LR 12~14.

=1 SHARAEM RIS ERE, RHE. FEREK

4om Icc : ‘ B4
FRER At 4R Sig Tab. 11 Mean values of training set of leaf capacitance,
BAWE 0701 0.403 0953 29.406 4 32 0.000 resistance, thickness and moisture content of 5 medicinal
FEIIE 0955 0859  0.995 29.406 4 32 0.000 plants
o AT dazs/ BB/, MR Sk
223 AFEZHEYHEHNMERRESE X& BRSO s e Mo mm %
. Y. RA. BSREENCEEIE 9 B4 1 %1, 34%E 0 204 0830 0288 7057
2 1, 341% 1 222 0830 0281 69.80
L3, S 4 0, R R ) Fuomee 2w omo o s
brifEZzE, SR 9. 4 1, 34 3 260 0830 0270 68.79
g S B MM 4255 0830 0265 6826
FTO FEMEY 34 ESE T o6 1, 341BME 5 270 0830 0258  67.72
Tab. 9 Mean value of leaf thickness among three groups of 71, 3MEME 6 291 0830 0254 67.29
different plants mm 8 1, 34¥ME 7 330 0.830 0251 66.78
] o 5D e s T 9 E1, 3MIME 8 342 0830 0247 6641
% 141 0293:0.004 0.293£0.005 0.293=0.018 0.166:0.006 0.286£0.015 10 B, SHMETO 314 080 0244 6611
#5241 027240009 0259£0.007 02940017 0.17740.003 0.283£0.008 g L1 FLANE 0 445 1077 0293 8080
341 0283:0.003 0268£0.013 02910020 0.163:0.008 0.274£0.007 12 3WMHE 0 532 1525 0268 8276
g 13 H1AME 0 161 1.156 0293  73.00
XT2 9 h 5 R HEY) 3 Ht A R 514 HE3AE 0 155 1261 0291 7211
- N ¥ L 15 1 HBME 0 749 1290 0.166 74.13
17 SPSS 19.0 BAFALNARAHI T, AIRME RN 3 HIBE 0 685 1.665 0.163 77.53
10, M EHE NS ICC 14 0.962(P<0.001), . 17 GBUZIME 0 751 1188 0286 83.06
E BIMMME 0 610 1210 0274 8275

ol T SEE R A
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Tab. 10

among three groups of different plants
95% E 17X 1]

TR 3 41t R AR K R K

Intraclass correlation coefficient of leaf thickness

fEFHEAE 0 19 F K25

4H B Icc

1L TR kR i dfl  df2 Sig
BAE 0962  0.839 0996 89.212 4 8 0.000
SEE 0.987 0.940 0999 89212 4 8 0.000
2.3 5 M REYIH A, . HESEK
- CIVER

Bl S, BE. 5. BEH 3
H, 1AM 3 HAERANGE, Lois 1 4
¥ 3 HEE G, MES. B, &, k%
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2 Excel Z ek EIH5 M, R* N 0.959 7,
B R* 9 0951 0, BAMAMERL, AWK 12
GEREW, BEMAE P=536x107"", LU LML
PO R BB BB E NG EE L, £ 13
BoRBEAEESEKE. BESEKE. HESEK
EAMPAEAR R 2 B . 3R 14 RN G /KERZE
1E 2.63%H1-2.33% 2 [f] . 28 PESL & 5 FE N ¥=23.548
3+0.021 6 X;+12.705 8 X>+106.786 1 X5(Y A& K
=, XA, X NHEE, X A E). B 2
M7 PR LS, DW=2.284, X if) Durbin Watson table
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SEFRZEMOL, BITRE
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Tab. 12 Anova table

TiH df SS MS F Significance F
FEE5 T 3 606.746 8 202.2489 111.0456 5.36x107"°

& 14 254984 1.821314

=it 17 632.2452
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Tab. 13  Regression parameter table

T H ES 4 Tt 2 t Stat P-value TBR 95.0% LR 95.0%
AR 23.548 340 3.431 696 6.862 013 7.78E-06 16.188 090 30.908 600
B 0.021 608 0.002 401 8.999 439 3.39E-07 0.016 458 0.026 758
2N 12.705 790 1.604 814 7.917 298 1.55E-06 9.263 806 16.147 770
it 5 106.786 100 10.364 500 10.303 070 6.45E-08 84.556 500 129.015 800
F 14 REMME
Tab. 14 Residual output results
MIAE T Y R 7E PRk % I AE m Yy R PRAETE 7
1 69.247 72 1.326 090 1.082 782 10 66.897 43 —-0.791 750 —0.646 480
2 68.913 96 0.884 894 0.722 535 11 73.039 08 —0.039 080 —0.031 910
3 68.976 81 0.330 303 0.269 700 12 73.976 58 —1.863 900 —1.521 920
4 68.589 02 0.201 455 0.164 492 13 78.172 05 2.627 955 2.145 783
5 67.947 05 0.317 530 0.259 270 14 83.074 50 —-0.318 590 —-0.260 140
6 67.503 97 0.215 947 0.176 326 15 73.832 03 0.302 245 0.246 790
7 67.514 70 —-0.221 580 —-0.180 930 16 76.857 82 0.676 422 0.552 314
8 68.010 37 —1.225 830 —1.000 920 17 85.393 59 —-2.334 770 —1.906 390
9 67.869 22 —1.456 810 —1.189 520 18 81.380 53 1.369 471 1.118 203
e Y-EKE

Note: Y-moisture content

2.4 5 Mg Y RS K E R B
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Tab. 15 Estimation of leaf moisture content according to fitting equation in 5 medicinal plants

Y HLZ5/pF L BH/MQ -5 /mm S 7K /% T 5 7K /% WA/ %
& 242+44 0.890+0.025 0.272+0.026 69.02+0.52 69.13 0.11
(=g 572+47 1.315+0.069 0.259+0.021 81.84+0.15 80.29 1.55
A 159+2 1.310+0.047 0.294+0.017 73.06+0.16 75.04 1.98
33 7124336 1.550+0.236 0.177+0.003 77.68+0.29 77.49 0.18
% 653+52 1.216+0.055 0.283+0.008 82.12+0.48 83.36 1.25
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