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LI RAR, i, BeEd e, BTG, MY

FEAkAE, HIEHE, 5kHE, FFEW (2021). 260 G SRR = P RN . Y54 56, 500-508.

FENERIRES T 4878 2 48 B B2 20 AR 2R
RE, — E R FE PR ). e PR
AT R . A MR et e E
o3BT SRR A A, ORI — A 28 DRI 5T
A WPkt 9 #4 5  [\] (Fernandez et al., 2010; Mans-
field et al., 2012; Kim et al., 2020). X F 4kl 3472
ZUR 0 N, BB SO ARICRIZH 2R IR A A
th, 32 MPRH A SRR S 1t DL S 2H SRR B ) s, TG
ERIN AT IS A . JCH AR RIS BN
PR A BN A, N2 52 6 L ANAS [F] ZH 23 45 R 1)
SO, 5 DAL S S IR AE ) AS B 1 A A 2H R S A R
. Hk, g S H AR TEET L, TR
PR R AR R A R AR L B AR . i
G FANG R AR A N —, AR
Jiik, AISEPLE R BT AR . AEER L AR
RO T PPAl LR 0 A (B Hi 4R 5, 2019), dTFEK
TEREA) 2 2335 A A I R 30 LR 5 30 1) S V8 77

G AR B B 4E T WG & (red, green, blue
imaging and RGB imaging)- /&t i % {% (hyperspec-
tral imaging, HSI). £ i % (multispectral imaging,
MSI) LL K AT 4h fid4 (infrared thermal imaging, 1T1)
(M4, 2020; Liu et al., 2020b; Bodner et al.,

Wi ke H #91: 2021-01-06; #3252 H #: 2021-05-07

2021). Hr, RGBHUEH M T/t R B A4k .
TUEZHEARGREER D, (NAE NG, EX
2 Iy 2 IS T 650 6 R0 A ) A DR A A P 4 2 A T A
B, S AN 7 A P A B 3 52 T R A 6 S A )
HAPBZER /N, ELUUCRER AR ERGEE, Fib#
DRI H A A 8, A7 — € FI R =) B (Blasco
et al., 2007).

HSIAT PA sz B AE P OM il . ) A8 4k, LA Hs 0 A
V)RR E T ), BEEESK T RESI K E
A X D v 05 A T i R T ] AR T 2 ] 5 T )
A5 B, A8 5 2 Af AR (O FHRED) T4, T 20
B AR AR RN & T RGBAIHSIEAR L H, #8111
ST IS, it TEIENIRER, =BT
T HE G A HE TR

MSIZ$8 M8 A~ B2 AN e B, X R — 44k
AH R RUBE R B[R] — X SR AT 4 23 a5 B A — 48k
A B =4k &[5 Bl 3k (Magwaza et al., 2012).
HR R D AE A [F) A BRARAS RS [R] & B B 00 A 3R
fiE, MSIT] R I A [F] 06 15 [ 59 F#1iE (Rocchini et
al., 2005; Oldeland et al., 2010), T.iZ N H T
RIEVFIEI T, Bilhn, ReXhH 1% %] (Vitis vinifera)
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KIIX 73 (Albetis et al., 2019); F T #i1£(Gossypium
sp.) 7K o R R S #, 7T X 53 8AN MR AL ft B 1) 7K 43
FIFH R % 2 5 (Thorp et al., 2018). T4 T A
BB AR AR B, MSITT H2 (IS4 I 42 4R (UV)
FIT LT AMNIR) K8 (200-2 500 nm) A £ 455 8
BB KlE, AT SRR B i (5 B4R, A
T AR YA S BN 4 (E B S L2 M E B
“CEYE(E BNLTRT ) N TR AL T )
(8045 R4 4% 7] (Ebrahiema et al., 2018; F—7v%%
2020), ARG SE . WE . IR A RS
TE B AE A A F A s e WF e Bk 1 A B R
L HAMS I AR (¥ 82 7 ) 5 B2 J T R 3 T
BEHE R 2R 5 % % (Noordam et al.,
2005; Lled et al., 2009; Qin et al., 2011). FE&EH A
MW R, 261 UG BARTERE ) =0t 70 R AT A
AR R J5 1 (B L) fEFD A iR, MSIE
BEUE AR 2 & AR IEMS I SR AR AL 21 1)
s 5 A, R PLS-DAKLS-SVMZ 4L
WM, GA WS R RRE ISR E, 52
BT A AR LR OK E (Glycine max) K&K &
(Oryza sativa) [FJA5 #EIX 7> (BPNNH; 1 1£98%) (Liu et
al., 2014, 2016c); iz LDA KM SVMXT £ i 15 %1
PEEAT AT, AT SE DL 70 S RME Y R0 -1 ORBRAE R
A HVEE T % 5 (HER 74 90%) (Hu et al., 2020); 7E4H
Yt S TR, BT AN [R5 R A R S K AN T £

BN

AZS BN E

(LS

PRI
HAH RGBT
e 7N

AL BT AR H

FARFE: 2R BB A TR R 501

JRER, MSIHEAR T 72 B A T3 (Malus pumila). %
¥ (Litchi chinensis)F1 K7 (Allium sativum)& 5 S
w JR VP LA B T I 4 [E T2 4 (soluble solids content,
SSC). EH R BMRYBEME ML RGN TV
Far i, F 7 HA B o P o e e AR 0 4 (7B A 1k 15 909%
PL_E) (Liu et al., 2014, 2016a, 2016b; Li et al., 2016;
Zhang et al., 2017). T4k, MSIEARLER—YIHI K
A BRI FU A B T — € AT K, AT R) A
B B AR e m) 1 DX 1) 22 5 4 A, BB 5%
AT W) XS 447 (Blasco et al., 2007; Liu et
al., 2015). P& 2 61l g 7 R (M4 HE % Dk
2 192x2 19248 7 UL L) A W 82 7+ 2 3 543 43 A #
i B¢ /> 3R H il o i S B T B 2O R 3
EHT R T N, MSIF DA bRl Sl 42 2% 1) i)
B, I BT O R A T R AR R . TR A
T R R IHF B

1 ZHIEMRIRIFRE

% TS G e — Fh 2 @8 R HR, BISR I AS BN
ANPLUEJRBE, WHREARBET = 4E0E BB K. iR
RGNIZ AT IRFREE AR o YEUR 2 2 mT R e
SE WK I RO — 1 (light-emitting diode, LED)F4 41,
HAk [# 52 76 B ) B B4R (printed  circuit board, PCB)
b, G E LR U EHL A B (Veys et al., 2019;
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Figure 1 Trends in the application of multispectral imaging technology
UAS: Unmanned aerial systems. The node indicates the application direction of the multispectral imaging, the value data uses
R statistics, and the links indicate the change of the application direction.
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T =A%, 2020). XFHSURE AT EGCREERT, K6
BEREHOEANT IR, IS5 THENA e % ot F 2,
HETIA3 2 2 I8 B0 T KR R . RSk
FE SR IZ R KGR T RO RS B, T
-Lb R 2 (Panagou et al., 2014), 15 3FE 5k
R RS B E R (E A,
2020). THEHURR oKX e Bl K UG S, 133
—IEE&A 2 BADGEE B Z R G K. 5
5 48 G B ARAE FIRGB =N IR G HE B A F, £
e AR B N IR AL S s B A L 6 v Rl
AN B R HE RO 2 A, B iR TR EDOk
EEE. HAh, BT RS RS o IR R TR
FRAG B R BR B AEANIE G IS 52 N, A R0 e T M
Xof B I AR, A R AR E AN T SR A FEE
BEAE, I TGS B PR ) (Veys et al.,
2019).

WA TSR], 2 0 A B 1 3R BT
AR A AR WA B K 3 (wavelength-
scanning). AR 7EXEAY 4l 7 18] R St Tl RE A,
R R, 1R A0SR A A eI B, B
FHE(EI2A) . BT S — FERT R, BRI i
THEH T 2R &R 4iH (Elmasry et al., 2012).
5 ama#m s O E, &R —RREYHm g
TR BN FEARBUCR S48, BT I A (K12B), mTLll
UORBURE AR LAT 1 A6 i 50, AR 6 2% oo A i kG B2
Fig A7 2 G 1 e ek B 2 SR % (EIMasry et al.,
2019a). KA 2 G 3 R A 52 U 4 R H A
F A, B G IABEA ORET, RAE SIS
ANBEA TR 25 A B — 6 5, B2 RS et
AR (B2C). KT BK TSRS S, 53
£ ik A% 45 B (I 2E) . MSIT 73 3140, 2 24 23 ) 4 i
(X5 T RY Bih g 1)) A0 LA I8 K 2 B (O 0 2l o )
SRR, B =4 (5 B R (EI2E). B, 14
12 192x2 19244 & =5 [0 {5 B 194 K15 B35
5, KRN 2 192%2 192x 19 B 37 7 4 1 A
[ 37 5 T FRGB K4 15 2 1) /2 2 192x2 192x3 1) %
PESL TR . MSIZ4HREXRGBIEIE I, B Al 75 2] —
0 E 5 (K12D), (HMSI# 3G 2@ iE ISR, X2
fE G RGBHUAF AR P CiER AL R 1) . MSIH) =4EF 5
SEJTARTT LA AE B 2 AN AR 1) = 40K 7 B G R
(KI2E), i 2 HUAS [F) i Komaw i 2, m43 2%

ARAENT LI AT 1 ' T H5 0 (A v 1 A X s 5 ),
1 33K 1 T B 5 R ke ) T 45 B R A L D K i AR
KA T AL S L (BI2F) o F AT L, MSIHE A SR 4 5
AT EBRREAGR, MRFEEHMER K TRt
P, X ERHE T TR i AR RS e K
A s A E B A AT, AT SO RE IR S R A
REVFHTAHLE &

2 HRERGEEVFHRPHEA

b8 X AR BOR BT RIR N, T 0] WO R SR
(RGB) FIE M i 45 1 AR HE 4 2 1h0 1243 29 T 7 7%
) B i T S I, B T X P A AR BRI G 1O
TR AT DX, T B0R AR B EE AR G B R Boo ik
S35 (Blasco et al., 2007). 4532 AE BT HAG %
SE MU FHHEFTIS, AN [R]hRhoet T 5 — i i SR A
[, HEEanliEa kYO0, S irid g 2 W
(Slaughter et al., 2008; Obenland et al., 2010).
b, BER ARG S BOGR R ER R G —F
GG AR RG4S LAIRIEUR e, HE— D SBL 1 [R) I 4R
JETER A BE S, AT AL G L E L e SO IS HR
B ] SEHL L AEXT 4 (EImasty et al., 2019b). W 75 # %t
THRAEGIE R, 56 2P BUa A, mTSeIl Y40
15 599 55 B TC AR A ;- B T AN A AR A TR AL
ST, R AT %58 DA R 2 L AR A R T E )
Fr; dE Il ARG B, SEIE AN R SR
RIS 7T (R 1)

21 EYMBGSREWRR

MSIH AR BE % R A6 15 B s f s (a5 B 8 s, ff
FFAZEOR AT I T s 45 4 A Al BlURs 8 LS P RO AR R
S 0 4 B D e A s e 5 S 1) R iR AL 4K (EIMasry - et
al., 2019a). A5 EFEMSIH AR 2 Fp a7y 04
A, BN T AR AR ) AR G AR ) AR A 1 D

Vre$ak%(2016) LA %/ (Triticum  aestivum) A/ 2
#(Secale cereale)f T AN %, 4567 WIEHE
(375-970 nm)FIELLLAME1E(900-1 600 nm), EIh
X4 T 8k JJ# (Fusarium sp )R AR B Y XK, 1F
12 G A7 He PR FIR W D0 45 5 B3 P AR X DA 43 % 403 47 I 42
TR IAE IR, AT Ay 12 W A i pf 4
SE AT B . K EAE R EMATEFEMEY,



R 5% 3K 5 R JE % (Macrophomina phaseolina)ff]
SO, B 9T 4 383-1 032 nmik KGR, 2
FEIREAL(SVM)IE /3 2588, LLO7TY% I Bl 2 A 3 S B
RO LA R R G R K BRI e g 3R
(Nagasubramanian et al., 2018). IT4EK, #X#iE
(Pisum sativum)esk iz PRI R A i) WL AR €8 5 35 1 )

A o

REER

FARFE: 2B AR A T R 503

B, W R AMSIER 456 2 o 4 B A 50 #r, W]
TEMT RIA I R, GRS R T R £
B B UG IR (#) ¥k & $(determination coefficients)
R?=0.99) (Mcdonald et al., 2019), Jyfh 7% & f2fit
THEERRG TR Rk, MSIHAR R 58 K 50
SRAEEFN A (A5 B AR IRE /), fEMM0 0 S5 0% FE R TT

Wavelength (nm)

B2 Zouilh g A B

(A) =4, (B) £AH; (C) WKAAH; (D) RBOLELEL TR, G, BHIGIEIER LAMEFE ALY, (E) AR G2 M
Bl e A2 B A E BSOS SIS R; (F) ARHE A RIBEAR X RARE (K = 4E £ 3 05 (R BEAT AN [FDG TR L T i R SR, AT

FEHE E R T MRS 2

Figure 2 Schematic diagram of multispectral imaging

(A) Point scanning; (B) Line scanning; (C) Wavelength scanning; (D) Color images can be obtained by extracting the R, G and
B color channels in the spectral dimension; (E) The data obtained by different scanning methods are ultimately cubes contai-
ning spatial information and spectral information; (F) According to different wavelengths, the collected three-dimensional data
cubes are extracted with different spectral features, and the sample data information under specific discrete wavelengths can

be obtained.
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Table 1 Application of multispectral imaging in plant research
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RIS AN 7238, M0 AT 4R PR P 8 2 A o A 2
BUARESORIRR (R 1) BEE B 708 Q8 PEoR: 22 il

Hys S e & TN, JF R T MSIEOR 50t 2%
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RIS &, o R s A iR N TR 2 ) 25 0]
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KPE T DATE S BRSNS HER A S AR R, 5
B AR R G UAS A b A8 ol A= M &A1)
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Multispectral Imaging and Its Applications in Plant
Science Research

Zhongsi Wang, Yaping Jia, Jin Zhang, Ruohan Wang’
College of Biological Science and Technology, Beijing Forestry University, Beijing 100083, China

Abstract Multispectral imaging (MSI) is an emerging technology designed for advanced imaging detection, which com-
bines the information of spectroscopy and imaging to conduct qualitative and quantitative analysis of plant phenotypes
including structural, physiological and biochemical characteristics. Recently, MSI shows a strong capability to capture
detailed spectral information in combination with the applications of mathematical modeling and analysis, and displays a
strong potential in the field of plant research. Here we introduce the principle of MSI technology and summarize the main
applications of this technology in various aspects of plant research, which includes detection of plant damage and dis-
ease, identification of plant metabolites and characterizing plant physiological status. We alse prospect the frontier de-
velopment of MSI in plant research.
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