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Fig. 1 High-throughput phenotyping platforms accelerate crop improvement''*
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R(R?/R.) . RMSE(RMSEOC) fIfiijll 4 R*/R(R}/R,) . RMSE
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RPD) 25 34t 1] 15 38k 5028290
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Table 1 Imaging spectroscopy techniques and their application characteristics
Technique Spectrum Range Spectral Data Type Phenotype Targeted Reference
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ERSY

2 ABOCTE B i o A ) AR A Y e
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AR BC(PRD | Bk I — B AR 48 20 (mNDVD | 4544 A
U R B (SIPD . Yao 5090 F FH 4 2/ £ 96 3% 9¢ Y6 i
A5 W D0 Y A= R (WD) FTZR AR AR CoscaD BRI+ T 5 k38 . 47
153 5 4 B A S R IE SO S BT TR T R
) SVM 73 RY, st 3 KA 7 K19 53 26 o 5 % 3 5
93. 3% 1 99. 1%, IR FESE (AN /4 53L Blue/ Green
Fluorescence(BF/GF) 80 BZ 8 T 55 Y64 F 4L 3

N2 )43 A, SBT3 0 2R T 0 TR AR (A 2) 5
Wang 25570 4 R 98 6 1 2 06 3% B W I & T 5. B 5
B2 S e, R IE Y 9 6 S BOM IR O % 4 B RE 48 R 1R
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A A K AR B 47 (R* =0. 93, RPD=3.8), KRt Z K
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0. 86 Fl 0. 88,

X LB 5E R W] AR G T LAy BT AR 2 R A R 1 2R
b ERY, FE— @ AR B 1T LA a6 0 48 L i ey %6, Mhad
T I o i T R e IR AR AR AR AL S RO AR K, RGB R 5
543 BT 38 5 7 U R B AR AL . R RS L BRI 1 B 38
W AETE R BR o 980G, L0 MR T DL BE Y Ot & . AL
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Table 2 Studies on abiotic stress monitoring of plants by imaging spectroscopy
Plant Stress Technique Traits Acquired & Analyzed Reference
B T 5 L FAR VA= D R TVAURS S VWi Sy [41]
i % T 5 b Rk B R AL R A [33]
P IT T 5 LR=S V58 05 &/ AL T/ [19]
B T 5 ES N e =& [42]
(%) T 5 LA i R [43]
A EN B ] RGB 4 B i B [44]
3 EN Sl DS BB/ EKE [45]
INE IR H G S %800 R ARBR AR AL [36]
i IR 2 K 9 % (] 57 5T Pk [46]
EK/KRE H IR IE [P Koy EFRITLR [38]
KHE IR k4B 2 RGB L IRERURON [39]
KA A RGB a0 €6, / T AR A [47]
Elig R/ RGB B AEPEAR /i % [48]
ERCTAE B/ T 5 EPIR7 SRS Holt i R [40]
4 5 TE/A LR O / [49]
F il EE RS US WES/Ri] MR KB BAR [34]
H B PR UReS TS / [35]
A3 R EE /Eh haa G/ SR POk BR/IER/ S [36]
E) T 5/ i EEAR AL/ 2 R R [50]
WT WT Oscal Oscal iy TR L L A5 T 2 T DR 4R A AT LA b T R i g A X 4 T R

(Control) (Drought-stressed)

(Control) (Drought-stressed)
F

B2 MRMTELEHBETT BF FGF RASH
B TRENTRUL
Fig. 2 Phenotype visualization under BF and GF of control
and drought treated plants
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1o TR T IR S 4 Bl ZE R M DAL OC A B B R
1% PG i oA — 4t K B PGS 43 ) P BE X de /s 22 43 A DL
05 4 40 BT IR B RAR DA Tt SR b R Oy ok 8 E 2 R DL L
R LR B S B R 4 R — 3. Zhou %PV L RGB R
GIPAh K G st JRICKEIE A . B A SCH R AR R Al
MR R A i PR R TR R S AL
PEA it £ 1 5 PG RRAEAE SC M AR B . Johansen 4557 DL
AHL RGB HI 25631 R 48 A 200 Fh 2 55 o 07 8 i 26 5t &b, 43
Hrha AL, A TR A Y A 35 R R, IR R
it b P 1 T S RO R AR A, AR 8 AN RS AR
P R ARl ST R A JE AL RGB AR A T A bk 15 A R
AR B LA G 2 BT AR R HE ST T Rk = A B 3% A
(DSMD) 3 LAH — 1k DSM Al S8R AR, 3 il S i ikl 5
{51 ER 1 AR 56 R 07 32 8 BB AR B, T Feng 45700 0 S 0
/SRR DR R I T AL (TGO FF £ AL (WT) £k
B B 00 A S22 s DA Y 1 i R B AR I R A ST T T 3 B
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0.82), 45 & B PRI B T SAH B v LAk CEI3) , R A
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Table 3 Studies on screening & identification of plant varieties by imaging spectroscopy

Plant Objective Technique Traits Acquired & Analyzed Reference
KRG P59 RGB LM AR [51]
N Bt T ik Z i/ e sh / [52]
) T 7% 4 FEEAR e J2 U [53]
bt 1540 1 FEFAR Stk 2/ KA B [54]
Nz b 7 6 Bt ZSYERI [55]
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i POk i RGB/ £t 3% R T AR/ A A [57]
Tk AR 0 1 RGB VRS /SO 2 [58]
K# Tt 4 25 5 Bt B R [59]
pNI=A Bt IDC i i RGB/i 41 5h 4 R E L60]
3 HLBR B 5 i £t A 5 R [61]
EPS T 3% ) 46 [SBA VAR RPN I RER U BE [25]
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TS T LR N R R NS5,
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’ Yo 308 ke PR 09 R A A R v 3 kA PR OO AN A2

s B, R A AT ik R ) ) R A0 s Ao i BT DX R o ) e AL A

Wit o BRI F A PR o o b I v A R B L AT O

P T BE SR AT RN 3L T 2 AL (GWAS 58 7 QTL 28) $ 4t kB 3

250 0950 Condorelli ) Fi 6 A LI Ml 1T 22 56 % 2 1% ) 4k

248 Fi/NERRIK S T B NDVI DG REECHE )& GWAS, 43 J)

200 ENLE 22 16 A5 m NDVI B9 QTL, %7 2% 4% 3 5

89. 6% Ml 64. 7% ; Dhanagond %) | F nJ WL ) i 4% 3% 42 &

‘ 5o B R A2 BT SRS AR i R i AR KT 2 G

‘ GWAS #7R8 K2 i 2T S R SR X 5, R IA: Y Rt

, QTL " L4y A AW QTL, T 53 M QTL Mk & i

100 M QTL. 4878 I L T AR [F 28 8 9 QTL 43 1 B9 A 6] {2

’ B . Chen ZU7 G AL, MU o] WL/ £ 5638 L& A6 31 450 F

5 INFEL WA T ARG, AL SRR A 2R, &5

GWAS E i 2 A AR R R ERE, RIAT 7450

W QTL; Wang 2151 R IG AHL SR B0 14 5 K Bk =5 20406 T e
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Fig. 3 Visualization of SA concentration in WT and TG maize

under herbicide treatments
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Current Status of High-Throughput Plant Phenotyping for Abiotic Stress
by Imaging Spectroscopy: A REVIEW
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Abstract Abiotic stress refers to the abiotic factors that have adverse effects on plants and threatens plants germination,
growth, development and reproduction and hinders crops cultivation and agricultural sustainable development. Plants stress
precision management and stress-resistance breeding are effective ways to alleviate and solve stress, in which plant phenotyping
is an indispensable segment, but traditional lagged methods such as artificial destructive phenotype measurement are difficult to
obtain high throughput phenotypes and restrict plant stress management precision and modern breeding efficiency. High
throughput plant phenotyping (HTPP) technology, aims to acquire and analyze complex plant traits quickly, automatically and
nondestructively, could rapidly monitor plant status in situ for precision input to control abiotic stress and could also provide
solutions for high throughput screening and identification for excellent varieties and phenotype big data for revelation & mapping
of resistance genes and genetic variation analysis. Latterly, imaging spectroscopy had shown good potential in high-throughput
plant phenotyping due to its advantages in real-time, noninvasive and repeatable measurement for multiple phenotypes and had
been widely used in precision agriculture and breeding. The papers mainly introduced the studies of high-throughput plant
phenotyping for abiotic stress by imaging spectroscopy including visible light imaging (RGB), multispectral imaging (MSI),
hyperspectral imaging (HSID), chlorophyll fluorescence imaging (ChlFI), multispectral fluorescence imaging (MFI) and thermal
infrared imaging (TIRI) and estimated their development trends. Firstly, the technical characteristics and application differences
for plant phenotyping and high-throughput plant phenotyping frameworks of imaging spectroscopy were briefly introduced.
Secondly, some recent studies on plants stress monitoring, plant varieties screening & identification, genetic analysis for
drought, temperature, salinity, nutrient and other stress by imaging spectroscopy were summarized. Finally, the chances and

challenges of imaging spectroscopy in high-throughput plant phenotyping for abiotic stress were discussed.
Keywords Imaging spectroscopy; Abiotic stress; High-throughput plant phenotyping; Precision farming; Plant breeding
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