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FERBEMER . T FHaE R 2000 S A B, " RLX 4>
AR ZS o RBUED R G R R T
e R JRE A 800 g K AR T AR AL

FIROER R R LA S G i R A )R E
KA AL BAT W A7V R B IR 7R RAR T B T
RO+ AR 6 B AR T AR T T A 47 7 B — 25 T
G0 BT FH B XA W) J2= 5 K R A I A B AR D AR B
FELIBE A P 7 R )5 )40 o O 2 A L P A R R
TR 3%f 7 SR I 3 ) W A [ R B R T S K R A D
I A 3 A AR R 2 Dt IR T R B R S AU ST R )R
S 845 K I B AR

ISRy

1.1 HEXRREFHIE

AR 5 L) RS H W B L 57 Col-0( Arabidopsis thaliana,
ecotype Columbia) fl OSCA1 ( Arabidopsis reduced hyperos-
molality-induced [ Ca®" J; increase 1) 5E 28 K B B 5L 41 L . Hir
Col-0 g WF /A R X} BE 41, OSCAL Jfy F SR 58 A8 A, OS-
CATL S [H T 480w I P/ T2 40 it R AR 40 i 1) 3 33 45 2 13l 18 %2
B, JCE AR RS B 2R A R AR A
ZZ BN TS BOL A K AT B3 T S sz 2

K 1/2 MS (Half-strength Murashigend Skoogsalts) JG
35 A Bk 75 RS IR - R 45 5 1 O 1 PR R R 40 R T
RITTE 1/2 MS TSR 10 RFTHB . BaTIMA
29 150 mL B F L, B 1 bk, FJ5 AmaniK 1R, &
PRAFIBE . PR AT SR S 3 d, R RGEM B 5 mLBAiK. 76
PR e BRI, RERERERN 22 T,
MR 7006, SBAH RS R 100 pmol « (m* « o) 7', M
JM 16/8 h,

R 192 BRI IT . Hop OSCAL 8425 96 #k . Col-0
B AR Y 96 Bk o 38 S ] B A R SR AR OIS MRS . XETE
AN TR % A5 AR 0 B 100 7 T 1 3T 21 40 1R 63 B R BE AT 40 TR
I3HT .
L2 #@EFTT2E LR

HEEFR PRI 13 dJE, RHFEERRE %
B RE ST A AR . LA 5 mL B 4K O AR B AT T R AL PR, Ab 3T
Bl e 1.2, 3. 4 F15 do PO dAE A A R4, 7EEK
RET, 2 X AR ST R KA 5 mL B4 KRR
IRy R ST 20 T 5 AL B R] TE A K 43 ok U
1.3 EgNFREEGRE

PR T 615 O 9 SR 48 6 P mi O i AR AR I K 3
A& 874~1734 nm, A 256 PMPEE . ABPR T RS EAH
IMSector N17E %1% 1% (Spectral imaging LTD. , Oulu, Fin-
land), B~ 150 W G 42 4T B9 2900Lightsource £k Y67 (Tllumi-
nation Technologies Inc. , USA), &5 5y OLES22 () Cmount
Ji 1% %55 3k (Spectral imaging LTD. , Oulu, Finland), %5 %
IRCP0076d [ H 35 v #2 F & (Isuzu Optics Crops. , Taiwan,
China) , &6 R R 4% R & 8 4 (Isuzu Optics Crops, Tai-
wan. China) LK BCE 9 H il o

£ 20 mm « s FURFE ) L 30 mm s~ (1.5 X i
TR R ) AT 40 mm + s (20 JEU AR 5 40 R () 451 il
T 43 0 AR AR R T R S I AT A R AR T SRS
I HE R OE RS IE SR S 2L A0 i O 1 RS AT AL, X
FARJE GG ATRLE , BIE AR N
R = L.y — L)/ et — Lgan) (D
Kb RAVKIEFHIER s Lo N IR R Lo D9 1 HL 3 4]
%, LaASHERIER.
TS0 R O 1 PR O L R ML R R R T Y 42 B
)2, 1E0 B 5 X 1, (region of interest, ROD, 3K 1 L 5§ 7+ i
JEAE 874~1 733 nm WP 61 S &, F 0w g g
i T XoF BB A B S
1.4 BEESKEMNE
TS, WEO AR LR T e 2 R A I BT R ORE B Dl 0,001
2) > JRJE & BUBUY A THR48 . IR E R 80 C, T4 20
min J5 A T g TP E 10 min 2R FRIPORE S BT,
AR A THRAE 5 min S A ER RN, HIZ T, R
WE R ERE, B TGN R REEE, BURFEAREITHA
2 E R, HRARX N
M%) = (M, —my)/(M; —m,) (2)
K. MABEZE KR, mi AEMRFR (2, M, AT
IS )23 A A T e NS s BV (@) o A BET 5 e B A AN i
AR BE (M,
1.5 HEFRNSERREESERSZE
1.5.1 PLSR A &5
I 5 /> . e Bk (partial least squares regression, PLSR)
W2 H AR WA R 2 8728 o 6], W #R, A&
PR A e B R VAR S i I 0 A o e L A4
P IT 6 J2 ST R SR R AE A% Xo (N n) ERT Y (N X )
AER = S 10 0 A AR E AT AR E L AL B, 5 B E =
(@) N T F o = Cyi) o BB HE AL B [ o X400 R 57 32 4140
1o G T I 2 B A A L TR £ A T e . TP R RO T K
A S AR R BE 1 16 B A3 AT [ ) A e A B H
BRI, dar PLSR BUEMR, #E47 & AR .
1.5.2 #43YHHABFHIERK

P2 E KN, BiRER, B EEEE. ELERER
¥ (successive projection algorithm, SPA) i i% % & 25 [a) £k
/MBI TT 8) A2 5, OGS AR b i T0 R 45 B I b 1 8
A1, AR B2 P AR i 2 AL R g NS

3 I KB R I Y TE AC B R A SR S e KA B X
WAL B, AR R L Y I AR AR B, LR 2 00 AL IE
REFIAR I m A Q<< 256) B A I 1 (0 501
1.5.3  #EA 2 5 2R 69 3% F) AT B R B 5T B

FEL T T K FE 3k 5 9 R &R %X (determination coefficients,
R*) ., ¥ iR 2 (root mean squared error, RMSE) | 8%} 43
MTiR 2 (relative percent deviation, RPD) =/NZ& %, R* I Bt
RARY e Sy R I E Y e R, B IE L, R AR E BT
RMSE #& /) i #5510 G ) 847 s RPD=>2 W), #5874 B A AR
T B T RE
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5540 &

A YRBRE 2 87 1 34 6 o MATLAB R2017b(Math-
Works, Inc. , Natick, MA, USA) fl IBM SPSS Statistics
(Version 24.0, IBM Corporation, Armonk, New York,
USA),

2 ZR5HHE

2.1 #HET RGBEGHETERYEK

LR I 15 57 2o R v X T 52 W 300 94 e 7 5 0L O TR R
TR EERRA G, WKL P LA B, e oY B R
B R AE . TR REGER . Z T b a R e, PR
B SRRV PN P e S E G E I P TTEAY A A

B 1Ca) A IEHARZET B9 Col-0 B A= BRI I+ 18] 1(2) Ny
IEHARETHY OSCAL T R HURAL AL, HR TR0 A

MREAT X 4. 0l 1D 5’ 1D Hede, OSCAL 28 48 (R 8L /i I+
SR B R 2 il Col-0 80 BE IF % ih Fe B B A% . 9
Col-0 BpA: I 55 OSCAL 7€ 4% 4 5k B AU 48 pig I 7T LUAE b 45
568 22 o 7K S8 TN 1) 52 36 6 42

( «ﬂ
13\‘

P (€3] \ p.(h f (i)
,ﬁﬂ"d; ‘g"

1 #IFEIFH RGB B R
(a)—(f): Col-0 BFA: 7T B3 K&K 0~5 d;s
(@)—(D: OSCAT 7878 A K [ 1 T B2 38 K%L 0~5 d
Fig. 1
(a)— (D) : Col-0 ecotype on 0~5 days of drought stress;

RGB images of Arabidopsis phenotypes

(g)—(D: OSCA1 mutant genotypes on 0~5 days of drought stress

2.2 WEFEESKERTEMERHTHL

ML 2 Bl 375 2 S K F AR AP AT LUE B, ZEAE
B3R 5T Col-0 By AE BB R It 768 )2 & 7K % W = F OSCAL
ENRURIVEY B RS B Y SN N ET B B VN s AT i )
FEAIR

OSCA1 RAABB M ITE T BB KMT, &2 & KE
TR R T Col-0 BfAE TR IF . 3 2k A A 19 4 M A 25 43
Bro T EMiE 0 RIWIE LT, Col-0 Bf A= B 45 HE I 25
0.10, OSCA1 ZEE TR HEM 2224 0. 12, 76T 28 5 d A1
B Col-0 B 4 RUFR i 22 Jy 0. 86, OSCAT %€ 748 B4R Uk it
279 °0.97, AT LU H SE 30 BT Al OSCAT 58 72 24 40 1 J7 11

LR RE AR T B A TR T

FEEHBEFRE T, OSCAL 578 B 5 B 4 7l & K R A7
225, Duncan Kp 30 45 Bon . 645 LX) BRAL I X BEF , 5K
T T 52 R 1A 2 d 0 4 300 g o 5 A8 1k 5 B A B
KB EEZEFH/NT 0,01, T 538 58 8 i 57 3F A 6k
2.3 AREREFAEFEEBRLRIH

E R SEi-BuY - N R P e S KA =1 il i e e

930 1 1 400 nm A= 4743 50 H B S 5 SR s, L7 X Sl |
BIJETE(E 25 R K. #E 1 450 nm iy O—H B9 45 92 3 1) —
AT, A B A R W e S T S TR TS 3 R B A

LR T T £ A i DG 15 T 5 S 246 i 11ty WA % R T AR
ANTA]
92.0-
* I COL B/
o104 M1 [osc 5k
*k
< 9007 =
E k¥
=]
S 89.0 o
e
E|
3
S 88.0
87.0
86.0-
0 1 2 3 4 5

Drought stress (days)
B2 HMEFREEARKESTFERERHHXER

T A6,y Col-0 FEH MY . (14 OSCAT JEIH B 5 4 — 5 B L R % F
P bR UEM 225 » 9 Duncan Kz 80 9 2% 1 » A 0. 03<<p<
0.05, * * {43 0.01<<p<C0.03

Fig. 2 The relationship between water content of Arabidopsis

thaliana and the number of days post drought stress

Gray color represents Col-1 and white color represents OSCA1; Chan-
ges are represented by the mean= standard deviation; * and * * re-
present the degree of significant differences based on Duncan test ( *

represents 0. 03<Cp<C0. 05; * % represents 0. 01<Zp<C0. 03)
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B3 EFEBEELIINTHRIEFHHIE (20 mm - s7")
Fig. 3 Mean spectra of all Arabidopsis canopy (20 mm + s™')
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1E (multiplicative scatter correction, MSC) ., Savitsky-Golay,
Savitsky-Golay i £ 75 4 = Fh 11 b ¥ J5 05 PLSR 8 7 1) 45
H B IR A6 TAb B U7 T 2 i Bt Ak 3 . MSC it
AE I T5 2k B 7 i PLSR BERY S5 S dm Ak o 1% 07 145 s i e e
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1 TEXEHLETZER PLSR #E 4R (20 mm - s7')
Table 1 The performance of PLSR model based on different

spectral pretreatment methods (20 mm - s™')

T Ak B 5 9 None MSC SG SG+log
R¢ 0.920 0.921 0.915 0.914
RMSEC 0.003 0.003 0. 003 0.003
Rp 0. 905 0. 907 0.902 0. 897
RMSEP 0.003 0.003 0.003 0.003
RPD 3.05 3.28 3.19 3.12

T R* e 280 RMSE R Jr ik 2 RPD AAIXS /3 #riR %5 C
RF B PACRTUNAE 5 None Ry JF IR E1E S TR,
Note: R? is determination coefficients; RMSE is root mean squared
error; RPD is relative percent deviation; C represents calibra-
tion sets; P represents prediction sets; None is the raw spec-

tral reflectance (the same below)

92 4
(@ O Calibration sets
. 914 O Prediction sets R=0.921
% 90 d RMSE=0.003
= > 2
2 29 o O% R%=0.907
2 ‘ RMSE;=0.003
2 g8 . & RPD=3.283
2 o
L 871
A~ O
86 1
85 T T T T T r )
85 8 87 88 89 90 91 92
Measured value/%
92
(b)
91 )
=x O Calibration sets R'c=0.903
E 901 O Prediction sets o_.t\" RMSE=0.003
= g9 | &5 ) R*=0.899
g S0 © ,
z % RMSEp=0.003
‘E 38 - Jes) RPD=3.142
Ber{ O ©
a-‘ —
86 1
85 r T y r r r !
85 8 87 88 89 90 91 92
Measured value/%
92 4
©
91 A
N | . R*=0.898
E 90 550 RMSE=0.004
'S 89 8 & R%=0.886
3 @ © O RMSE=0.004
5 887 ) RPD=2.968
g o4
E 87 1
86 1 O

85 T T T . : : )
85 8 87 88 89 90 91 92
Measured value/%
B4 ETFARABEENSRE PLSR ERER

(a): 20 mm=+s !5 (b): 30 mm=+s '; (¢): 40 mm =+ s !

Fig. 4 PLSR model results for different moving

speeds with full spectra

1 1

(a): 20 mm=es '; (b): 30 mm-e+s '; (¢): 40 mm =+ s

FECR® . X HriR 22 RPD e K43 514 0.907 F1 3. 28, iiF
HH RS B - 1) W R R AR M s[RI B R R OB % 5 MISC i

AL RMSEP A8 [F], &8 MSC 1Ak 3 77 i e i
2.4 ET&HBENARAREETHERNEEQKERN

A

FIAHERE R 20 mm » s~ " A HLRE IT T 41 50 i S i &
BT SR ST 2 0 7 2 5 5%, # &k MSC BiAL 215 4
B BT 107 2 5 2 B AR Ay A . ) A PLSR Bk
756 J2 K SR AR B, )5 BCE A A 30 R 40 mm .
s~', TAARESR A PLSR 50k @ d J2 & K SR AL, w] L&
W BEE R RN, ot R ) As (8] A B R A
568 )2 B K SR T A R B o A I WS AT B, AR B N 20
mm s FEFF 30 mm o s, BB YOE ZRBRT TR
0.88% , MHXF /#7152 RPD FF# 4. 3% ; 34l 42 71 2 40
mm e« s SR . BIREE R? R 2. 3%, XM iR 2
RPD TR 6. 9% . 2565 AR MMM, %/ 30 mm + s
G B AT H00 T 2 9 2 K 3 N A R e A

WE S s, 15X e 9 4 3 N /YR 2040 & 06 1% B
F B 2 ) 2 By R 260 DR A AT A 0 B Y 66 26, 2 XX L AR T Al
T 1) 30 2150 3 G R R 0 25 AV 4 4y B 32 00 1 X RUR 491 4
PP 44, 75% . =R HE BT . PLSR 56 )2 & /K Tl
WAL RPD=>2, F W] A% Y b 2 4547 1 T3 000 g g o AL )
FH A B AR B a7 1 e 2 8 K R TR B Y 1. 5 < JBL 4y 4 4
JEE 118 8 J2 - K SR T A5 R A g B AR 0. 94 %6, ANTF 106,
I PG 2T A0 O 3 000 R A 5 2 K e, 3 Y 4R A
BE . RENE W R BAL B

5 FRGEEGHBEENEGZESPHE

(a): 20 mm=+s '; (b): 30 mm=+s '; (¢): 40 mm =+ s !

Fig. 5 The variation of spatial resolution caused
by different scanning speeds

(a): 20 mm=+s '; (b): 30 mm=+s '; (¢): 40 mm =+ s !

2.5 ETHARKNARAHMEE THETEESKER

Pk gt

FIH &SR F R D, NI T MSC Bk B S 1 A 7] 43 4
R ) 4 B et 2 S AR B v O 2 Y S I R R K
AT 1 PR I e 2 R R A D A e S
J2 & KRB RL

MIEL 6 25 5 o AT L B2 T d I 4 AR O IS 57 ) PLSR
P 1 e J2 B K A WAL AL p, 20 mm s 45 R T
WERARE R? 29 0. 847, 30 F1 40 mum » s 394 8 BF 1 M B 5
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JEIG AR EEAR LG, 4250 R R 5. 0% Rl 13.3% . SPA i & i
PEARFAE I, HOBB IR AIE G i B AR T Ay R E B AL
IS, TR R (4 40 RE T e 2 K SR T A I o R S 4
BN DL N R T BN B CRA L B PR T 7.1%,
10. 9% 1 17. 5% , £ SPA Jrkvh, HF T M B0y 28 it ok
FEAE, BT LA ST Y PLSR BIARURE B2 A% F 42 i K OE 2 &k %
BRI,

R2 FARAMEETESRSEENELISRIEERGH

RMEFERK
Table 2 The summary of optimal wavelengths based on

Successive projection algorithm (SPA)

ESEIPUY)

/(mm s 1)

AR B 1 /nm

901. 23, 904. 58, 907. 93, 917.99, 928. 05,
944.82, 951. 53, 975.01, 1 042.16, 1 237. 22,
1338.32, 1372.05, 1402.42, 1 429.42,
1476.71, 1567.98, 1 652.59, 1 669.52,
1679.68, 1686.46, 1689.85, 1 700.01,
1703. 40

20

901. 22, 904. 58, 928. 05, 968. 30, 1 190.09,
30 1334.95, 1453.06, 1 503.74, 1 564. 60,
1652.59, 1669.52, 1693.24

901. 22, 911. 28, 917.99, 928.05, 1 200. 19,
1240.59, 1 338.32, 1372.05, 1409.17,
1513.88, 1574.74, 1 659.36, 1 672.91,
1683.07, 1 700.01

40

3 45

VR T 1 D61 A% 1 i B 30U A )2 A K R E Y
FEMR . HE ST AR AR B E B . B T e 2 L0 A
ST B RS KR Z B LR A PLSR B, fE 4K
BT . 20 mm « s~ AT A I . LR OT R & K R O 4
R} 7 0.907, RMSEP 3 0. 003, RPD 3y 3. 283; 44 i i #2
B 1.5 4%, Ry 0.899, RMSEP 2 0.003. RPD % 3. 142,
UG IF T J2 15 7K SR T90I0 o4 e AR AIG 0. 8804 5 A L 4R
T2 ARERE T R BE A 2. 3%, TEARAEMEE T, 20 mm -
s THERHE E N, BN ITE R S K ETMAE RE Ol 0. 843,
RMSEP 3 0. 001, RPD 4 2.558; Ffik B4 1.5 1%, Rp
3 0.801, RMSEP 3} 0.005, RPD ¥ 2. 242, i 757 )2 &
K SRAE T T 0 o R AR 5. 096 IRl R IR E 2 % et
PR B B PR AR 13, 390, H RO ZE RS 2. 8 83
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Fig. 6 The performance of PLSR models of different scanning
speed based on optimal wavelengths

(a): 20 mm=e+s '; (b): 30 mm=+s '; (¢): 40 mm =+ s !
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Effect of Near Infrared Hyperspectral Imaging Scanning Speed on
Prediction of Water Content in Arabidopsis
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Abstract Hyperspectral imaging technology can non-destructively detect physicochemical information of plants with different
dimensions. Existing researches often focus on analyzing the average spectrum of hyperspectral images, ignoring the information
of their spatial dimensions. In this study, the model plant Arabidopsis thaliana was used as the research object to explore the
influence of spatial resolution difference caused by different scanning speeds of hyperspectral imaging on the measurement of
plant canopy moisture content, and to provide optimization for rapid online detection of plant canopy moisture content by hyper-
spectral imaging program. An open-line hyperspectral image of the Arabidopsis canopy was extracted using an indoor online hy-
perspectral imaging system at 20, 30 and 40 mm * s~ ', and the average of the Arabidopsis thaliana canopy reflectance spectrum
was extracted. Secondly, the quantitative analysis model of canopy water content and the average reflectance spectrum of
Arabidopsis thaliana was established by Partial Least Squares Regression (PLSR). The determination coefficient (R*), root
mean square error (root), mean squared error (RMSE) and relative variance deviation (RPD) were used to evaluate the model.
The PLSR model based on pre-processing spectra such as the original spectrum, Multiplicative Scatter Correction (MSC) algo-
rithm and Savitsky-Golay smoothing algorithm is compared. The best spectral pre-processing method is selected for subsequent
data processing. Finally. the successive projections algorithm (SPA) is used to analyze and compare the prediction accuracy
based on the optimal feature wavelength and the full wavelength, and to determine the influence of the hyperspectral image scan-
ning speed on the canopy water content prediction of Arabidopsis thaliana. The results show that when the scanning speed was
increased from 20 to 30 mm ¢ s ', the full-band PLSR model based on MSC pretreatment predicted that the coefficient of canopy
moisture content in Arabidopsis was reduced by 0.88% , less than 1%. When the scanning speed was increased from 20 to 40

mm + s ', the coefficient of determination of canopy water content in Arabidopsis was reduced by 2. 3%. It shows that while the
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scanning speed is properly increased, the high water content prediction accuracy of the plant canopy can be ensured. Changing
the hyperspectral scanning speed can more effectively utilize the spatial information of the hyperspectral image space. After the
scanning speed is appropriately increased, the spatial dimension information of the hyperspectral image changes, improving the

image collection efficiency of the actual production application and reducing the data processing time.
Keywords Arabidopsis thaliana; Canopy moisture content; Near-infrared hyperspectral imaging; Scanning speed; SPA; PLSR
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