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J P 2 O TR 000 ) 0 310 ASE HEA R 1 3 A B BT O S ) 4 T A
P30 B8 I 36 0 FRAG 05 130 AR B 43 00 B NaCligs i ik 22 LA
Kt il fL g . SRR 120 #Rk /N ZZ ., 43 ) H B IR R A
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1.3 FEXR&EERE

i F1 26 [# Analytical Spectral Devices 2 &) 1) HH2 % #h
YOG O /N2 e R AR A AT I 4, O SR AR S 06 1k Hidis . U
AL TN E Y AR B L TE. BAER
W 10 RBCPME . H4 0 A SR IF R 40 519K AR
WIRA G 8T 90 CHEE K PR 30 min, BUHER 0,
F 5000 r, 25 CE.L 10 min, B EiER. EEBELORMA L
mL $2HOK . EF 90 CHERAKEHF /KM 1 h, BUBAH)E.
F 8000 r, 25 CE 0> 15 min, B FIEW. 466 EiFES
530 nm, FZEIEKIAE ., g, 0 et @l TR
STt ) 0 a7 ) R R . AN M R R B S B
By &b B F] F Origin2018, SPSS. 26, Matlab R2018a,

55 42 &
ViewSpecPro, AvaSoft7. 2, TQ Analyst Z5 &,
F1 HRYEIRGEE LRI
Table 1 Experimental design of salt and
physical damage stresses
! Ehiia LB iR
Al 50 mmol « L' NaCl —

) A2 100 mmol « L= NaCl —
R A3 150 mmol « L.=! NaCl —
it s - £ 10 7L

S2 — B 30 L

CK — —
A1S1 50 mmol + L™ NaCl B 10 4L
AlS2 50 mmol + L™ NaCl £ 30 4L
Ry A2S1 100 mmol + L~! NaCl Bl 10 L
i 38 A2S2 100 mmol + L' NaCl Bl 30 L
B A3S1 150 mmol « L' NaCl £ 10 4L
A3S2 150 mmol + L~ ! NaCl £ 30 4L

CK — —

2 AR 5HhE

2.1 AERMEEFUHETIEHTRRREEME RILHHE
2.1.1 vthRkex

WRHE B 5 24T T S0 — R B 3a S 56 SRR R
A FE A R/ B RS R AR R 1 TR
Hop, AIST A A1IS2 R IR & ¥R BB TS LT
A, WA, E T A N T 2 R A BRI S AR, BLIA
T 3 0T Al 3R R A ARG R R R KA I 4
JNZE I N RE ep R A AR RE T SRR A R R BEE . &
AU S R R MY R R IEE A A B0 R
1 ORI AN B IR 1 45 . E A3SL R A3S2 i, i AH i
T 2500 20 7= d R . SR PR O NG, 40 B R
fb, BTk AN R R A At T, B P HOR IR A
IR T R &2 A [ ol a6 R 28 uf Bz 1) /I 22 R i A k£ R 1
SEHIME . I RLE Y 2o s b AL /N 2 0 R R
CrE A BAL T X AL, W E SRR B E S e T R
AR, Mo, 2SS, Al, A3, S2, A2S1,
A2S2, A3S1, A3S2 55 CK 25 % (p<<0.05),
2.1.2 FHkikrie

IS AR T AN [R] 38 244 F . 326~1 075 nm
BG N R G R RRAE . T A A T O U AR R R AR
Z . i E B WK, i 500~800 nm i Bt N MR K.
PEfE A FaE, BAE 750~800 nm i B LR S & . ok
500~800 nm B AE R A5 X 4. 7E 500~ 800 nm i BL 1N
HREME G HEP & T /N RS 8IE nE 3
M PR, WEHR A LLE H . A B8 54T, 30 (550
nm) Fl S (750~ 800 nm) 4k (1 56 1% H¢ AiE O T 32) 45 5
P 2R, PRI — A, o, R E a
ZPET . 550 nm JEIGAL . A1 RN ST 2 3 B M A i R R
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Fig. 2 Average pectin contents in wheat leaves corresponding to different stress factors in the first week
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Fig. 1 Changes of pectin content in wheat leaves under different stress factors in the first week
(a): Under single stress factor; (b): Under multiple stress factors
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WERM., EE A WE &M T, 750~800 nm I P& W .
PG T ST KR, SRR B 1 B A A1ST>
A281>>A3SL, MY I fiab F S2 K -0, 4T3 A8 1k
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(a): Correlation between original spectra and pectin content in wheat
leaves; (b): Correlation between first-derivative spectra and pectin

content in wheat leaves

2.2.2 RERAZTRMEAR

HRE/NEM B REAR 145 4, HI 25 AW AR 1%
1 3G RN G, 43 A I ZREEREA 90 A4, BRIEEHA 30 4,
A 335 B0Rk O B AR A A R i A, B TR 2 43 IRTIH (PCRD
i de /N — 3 i (PLS) | 3 25 2 Je 4R M 11 3 (SMILR) = Fh gt 42
Fik. K H S 2 o0 BUA A IE (MSC) . b M IE 75 7E e
(SNV), —Bir F 8 (FD) . % BUF 1 (S-G) . Norris 3 I8 3
(NDF) ™) % Fi Ff 1 4b B0 57 AR M 45 & I8 Sz 27 Fh i il 4
AL gk 2 piR.

R2 FEBESERFALERAGE # B &E
Table 2 Prediction models obtained by different modeling

methods and preprocessing techniques

B S R Ak # 5 v R. R,
MSC+SG(Wrgz2~725) 0.902 4 0.880 1
SNV+SG(W702—728) 0.917 6 0.908 7
MSCH+FD+SG(We90~700) 0.906 6 0.877 8
MSC+FD+NDF(Wgg0~700)  0.941 1 0. 950 6
B & & PCR SNV-+FD+SG(W90—700) 0.927 4 0.920 4
SNVAFD+NDF(Wg90~700)  0.936 0 0.943 8
FD(We90~700) 0.8515 0.8606
Wioa~728 0.8725 0.854 8
¥ 0.862 4 0.8211
MSC+SG(W702~728) L9145 0.918 8
SNV +SG(W702—728) L9121 0.906 4

0
0
MSC+FD+SG(Wg90~700) 0.961 2 0.938 2
MSC+FD+NDF(Wgg~700) 0. 948 8 0.896 7
0
0

REga PLS SNV+FD4SG(Ws90—700) 19520 0.930 4
SNV+FD+NDF(Wego—700) 0. 978 2 0. 981 4

FD(Ws90~700) 0.917 4 0.905 8

Wao2~728 0.887 6 0.893 4

x 0.876 8 0.889 2

MSC+SG(Wr2~728) 0.876 5 0.877 8

SNV+SG(W709—728) 0.874 8 0.890 2

MSCHFD+SG(Wsg0—700)  0.900 3 0.899 6
MSC+FD+NDF(Wegoo~700)  0.871 4 0.902 8

BREE SMLR SNV+FD+SG(Wego—700)  0.802 8 0.788 6
SNV+FD+NDF(Wesg0~700)  0.791 0 0.768 4

FD(W 90700 0.7855 0.817 3

Wio2~728 0.814 0 0.828 0

* 0.7791 0.773 6

F 2, RoAR, 4350 4 PR B8 BT I 25 AR A oG &
ORI E B AH G R B, X LA BRI S 8O i, BT PLS+
SNV-+FD+ NDF J7 i BF i i 8 B Oy e (A1, R, fI R, fH
SyEFE] T 0.978 2 1 0. 981 4,

2.2.3 RARAEA MG

&l 5 Ca) R [l 3l 20T s S BT A SR e T 5 it
T A AR A R S 2 A OC R . AR o 0 T B 5
W — BB m (UG RE R =0.997 6), ¥y MR 2%
(RMSE) >y 0. 35, 3R iy g 82 1 H A B A7 1 2 1 35000 4 6 .
g T VAL AR s LR B AR . X ALS2 i SR L A
—/NFZ W R REAR AT T 2 E G . & 5 ()2 20 W)



%o

FRIRAEESE /N2 855 W R A Mol 00 T 2R 8 Ot i S T A Y

2939

LR R T 25 S . NI R R LA M T &5 R A R
47, RSD K 1. 2% (MBI {H Vi =9.56 pmol » g '), BilAZ%

12 (@
@®  Predicted value
— Linear fit

—~

&0

£

3 84

=

© RMSE=0.35

2

<

>

=l

i}

5 4-

s 2.

o R™=0.997 6
A »=0.873 7x+1.160 2

0 T T
0 4 8

Measured value/(umol-g™)

B LA i O R

10.0
(®) —@— Raw data
Vy=9.56 pmol-g”
—:ﬁ 9.8 .
5 * /N
g e @ s .
=4 9.64 x *» \’/\ / \/0 R4
=
E ¢ \ / A G 4 ¢ \ /
2 944 ¢ \/
= L 4
L RSD=1.2 %
A 9.2
90 T T T T
0 S 10 15 20

Number of measurements

BsS (a) REREMRRANSESHKAZNENRESEZHENXF; (b) REMUNERKBZTETME

Fig. 5§

(a) The relationship between the pectin content predicted by the optimal model and the pectin content measured by the kit;

(b) Precision evaluation of the proposed pectin prediction model
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Hyperspectral Inversion Model of Pectin Content in Wheat Under Salt and
Physical Damage Stresses

PIAO Zhao-jia, YU Hai-ye, ZHANG Jun-he, ZHOU Hai-gen, LIU Shuang, KONG Li-juan, DANG Jing-min”
College of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China

Abstract Wheat is the primary grain crop in our country and plays a pivotal role in developing the national economy. However,
abiotic stress factors such as salt and physical damage have gradually become essential factors restricting wheat yield and quality.
Studies have shown that the cell wall is an important line of defence for plant cells to resist adversity and stress directly. Under
salt stress, cell osmotic pressure increases, and the permeability of the plasma membrane will be affected to a certain extent. In
order to maintain cell morphology and structure. pectin and other polysaccharides in plant cell walls will be transformed and
changed to varying degrees. Physical damage will deepen the degree of lipid peroxidation of plant cell membranes, increase
membrane permeability, and lead to the loss and degradation of nutrients. The damaged site and its surrounding cells will also be
embolized to block the invasion of bacteria. Pectin, which is the main component of cell wall and can reflect the integrity and
permeability of the plant cell wall and membrane system, can be used as an important factor in studying the response mechanism
of plant internal substances under stress. At present. commonly used pectin detection methods such as Gravimetric Colorimetric,
Liquid chromatography, etc. are cumbersome to operate, not real-time, and large sample consume. There is an urgent need for
a simple, fast and non-destructive detection method. This paper used hydroponics to research the wheat ( Yannong 0428). The
sodium chloride (NaCl) solution was applied to culture medium, and acupuncture was carried out on both sides of the main vein
of the first leaf of wheat to simulate the salt damage and the physical damage caused by insect bites, respectively. The pectin and
its hyperspectral information of wheat leal were also collected and processed. The correlation analysis method was used to screen
the sensitive spectral band. The three modeling methods of principal component regression (PCR), partial least squares (PLS),
and stepwise multiple linear regression (SMLR) were combined with multiple scattering correction processing (MSC), standard
normal transformation processing (SNV), first derivative processing (FD), convolution smoothing (SG), and Norris derivative
filter processing (NDF) to establish a pectin content inversion model. Finally, the model established by PLS+SNV+ FD+ NDF
method was selected as the optimal model, and its performance was also tested. The results showed that the predicted value of
pectin content was consistent with the measured value, and the coefficient of determination (R*) and root mean square error
(RMSE) were determined to be 0.997 6 and 0. 35, respectively. The repeatability of the predicted value was good, and the
relative standard deviation (RSD) was 1.2%. This study uses a new method to realize the high-precision, fast and non-
destructive detection of wheat pectin, which is helpful to the in-depth study of the mechanism of the wheat response to stress and

provides a reference for the prediction of the stress degree of field crops and the accurate control of planting environment.
Keywords Wheat; Hyperspectral technique; Pectin; Salt stress; Physical damage; Model prediction

(Received Jul. 21, 2021; accepted Oct. 21, 2021)

* Corresponding author



