b

o
s
i

¥ o5k
Spectroscopy and Spectral Analysis

a4 Vol 40,No. 5,ppl575-1580

May, 2020

K E A [E 7k & A 18 0 bz AR B9 & SE i 5

x|k, Tk, RER. AkE, T

#, FRER. BRER

WK A TR B . M KA 130022

OE R 00 bR T A I X B R BOR R R E OCE E, UTARE SR 5 6 B R R AT A W
TE ARG DU A B 7z N ARER X O K UM 38 Y B BIE 9T AT R . R TR AR SE R B E T 4 Rk Sy
S AR AKCEHEATIE SCI . ARBUSDOEE . MR S RO A R A A BBUE . IR LS B A
T IS AT AR B, A IEBCT S AR SR . 2 o I — 1k 25 AR B AR £ NDVIL LE{E A 4R 4 RV,
g8 H — b 25 AR B RE B GNDVI, B 403 H — A6 35 80 mNDVI705 Fl it 2% 2 46 %0 LCT LA48 7m 7K &0 W 38 %)
G FE A . [F) EE Sk g Ny B  I 2E A R e O B R R S VR R HE AT R AR A B TN . R R G 4
T 3 48 B RO B T 4R A SRR BE 3 A 520~ 622 il 485~ 664 nm; R FH £ 00 U A IE (MSC) | i i
IERAS A (SNV) |, — - S5 (FD) . — i 5%k (SD) Ml Savitzky-Golay -1 (S-G) Tl kb B8 75 1, [7) i 5% ] &=
JA3 53 T (PCRO it g5 /N — 3 (PLS) 2 Bl it b 77 s, H5 Hodt — @ KR A G B E Fh 7 ik, LAH G R 8O0 B RLT
Wiethn, FRRABGIS @B LA G . 85080 K2 Wi FZ Wria K S0 e e ik dh 2 BoA 8 i
bk 3 — BUE G ST B A [F) A RRAE . oK 32 W38 K 0 09 J 48 36 7E 500~700 nm i By B A AR {8, 7E 760~
900 nm ¥ Bt BLAT I = {6 5 B2 /K EU0 38 72 B A 380, 500~700 nm 5 B 19 [ 4 S B3 n . R K oy FlA &R
KPS AE B B AN ), (A A — 3, 5 PP SIS A RN R Z A KSR T2 ke, HE
K E e RR B R TN, R B R SO R 0 /N o ST RV AR R BT R A vk 41 A MSC+ FD+S-G+PLS
M SNV+SD+S-G+PLS, # IFE & A0 25048 %10 0. 960 6 F1 0. 992 7, T £ A 3 ZE04r 41k 0. 972 0 Al
0.970 8, 2B [T £ A6 2 [0 5 B A e o T KS A2 300 R R A2 T 38 DR 2 BRI I S B RN O B R R AR PR A B
AT HE TN Sy R T R Bt A 0 L A A B 4RI B R S

KR KT KAEMNA RO JGIEERE B SR

FESHES: S565.1 XEARIRAD : A

5 5

K FER A E R K EFRA —E R, &K E
T LUA AR R A R B R AR S AR
IR SR 38 23 1 T R R LR PN SR B (R S R )
M . Pt SEBLOR BOK AU a9 A . R AR R
AT R I DGR T B R OE IR B R i R L A
T B T 38 7 . Salah* 28 HIG 3% 48 BOUF 52 K 43 W)
R EKRM KR, KB BT (Roro — Rooo )/ (Rero +
Rooo ) BEBII T KA I> & 4. w0635 SR DU P | SEi L 0
PAAE UL 532 B T A SURAE 45 A B0 I (HUR G T A
JTI R A 1 3 AR M S AT AN ] 7K 50 B oF K T2 1t 1 AL

W Fm BHE: 2019-04-16, f&ITHHER: 2019-08-22

DOI: 10. 3964/j. issn. 1000-0593(2020)05-1575-06

T8 BORNE W) 2 000 3 W0 B 98 475 S A 4l

L o K I TR R BRI L DG AR s A 4k
R AN A AR CF SR FR BRI AR AR = 20 1922 1
FRAE - W R SLAR 2 2 MO K R 30 B g 1o LA OF 42 B A
S B, S R LI A 2K R Ol 3 R R R
T, TR A IRV BI85 e R TR AP R IR ORE 4 K R AR AR
S, [l O A R O 38 0 AT RV T L G R AR
I R K SR i AR AR

1 SEEE Iy

L1 ## K&t
BEC AT S R I 60, RTIAEM L. T 2018 4F 6 S 16

EEWA : AR R EITRIH H (20170204020NY) HlH 58 F R BF 5 55 4 5 AE FL 2 5L 4 01 H (31801259 ¥ |

EEFN: X
* JE IR R A

e-mail: suiyuan@jlu. edu. cn

. A, 1993 AR FARORE AR Y 5 RO LR 2 B LT AR

e-mail; 13756900435@163. com



1576 i 2% 5 61 43 Hr

5540 &

HAEAN, AR 1 ORIFD . 5050 T 3 MOR 2% B OB IR % Wit
17, i fEARIEAT —BUEFE, F 201847 [ 23 H—8 /] 23
H OFAEZE D HEAT K A i s . A R A & A& h 20 %
HIRZ ., KAMBZKFME L(OME 1) TR, Hikl
Ca) FBE DA de K F BTk Dy e, % 1) mBUE A AR
it A . A S5 R I BE AL X 4L i 3, Bl WINO, WINI,
WIN2, WIN3, WN4, W2No, W2NI, W2N2, W2N3,
W2N4, W3N0, W3NI, W3N2, W3N3, W3N4, WiNo,
W4NIL, W4N2, W4N3, W4N4, 3t 20 fiabsg, 3 kE L, 4t
60 NHEA, (Y STIRL6 ] 2R A 77 v 38 b B i b S RN 4
A B T Bk ) & e aa ok o

Fz1(a) 4MAkHKER
Table 1(a) Table of 4 moisture levels
W1 W2 W3 W4
15%~25% 25%~35% 35%~45% 45%~55%
* 1(b) SHMBEEKEFE
Table 1(b) Table of 5 nitrogen levels
NO N1 N2 N3 N4
0g 0.2 ¢g 0.3 ¢g 0.4¢g 0.5¢g
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Fig. 2 Hyperspectral characteristics of soybean leaves under different water and nitrogen stresses

(a): W1 combined with five nitrogen levels; (b) W2 combined with five nitrogen levels;

(¢): W3 combined with five nitrogen levels; (d): W4 combined with five nitrogen levels
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Table 2 Spectral vegetation index formula and references

T A B A B AN 2% ik T A B A B AEN 2% ik
SIl (Rs15 —R715) /(Rs15 +R715) [11] SI9 1/R700 [10]
SI2 (Rgoo — Rsso) / (Rsoo T Riso) [11] SI10 D715/ Dros [10]
SI3 (Rg50 — Res0) / (Rss0 1+ Resgo) [11] SIT1 D115/ Dros [10]
SI4 Rg15/R71s5 [11] SI12 (D722 — D700) /(D725 + Dzgo) [10]
SI5 Rsoo /Reso [11] SI13 (Rg15 —Rs50) /(Rs15 T Rss0) [11]
SI6 R0/ Rss0 [11] SI14 (R7s50 = R705) / (Ry50 +Ro05 — 2Ruu5) [11]
SI7 1/Rs70 [10] SI15 (Rg15 —R715) /(Rs15 T Rais) [11]
SIS 1/Rss0 [10]
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Fig. 3 Correlation coefficient between chlorophyll content and

net photosynthetic rate and vegetation index in soybean
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Table 3 Spectral vegetation index values of soybeans under different water and nitrogen stresses
NDVI GNDVI mNDVI70 5
W1 w2 W3 W4 W1 w2 w3 W4 W1 w2 W3 W4
NO 0.7652 0.7774 0.8665 0.8004 0.5489 0.5793 0.7522 0.6681 0.5408 0.5701 0.6281 0.5900
N1 0.7875 0.7907 0.8786 0.8185 0.5648 0.6098 0.7125 0.6904 0.5573 0.5811 0.6996 0.5993
N2 0.7979 0.8011 0.8826 0.8211 0.5714 0.6266 0.7567 0.7066 0.5800 0.5939 0.7044 0.6109
N3 0.8134 0.8286 0.9930 0.9015 0.6370 0.6902 0.9149 0.8002 0.5993 0.6375 0.8047 0.767 4
N4 0.807 2 0.8140 0.9091 0.8756 0.6168 0.6547 0.8451 0.7579 1.5842 0.6099 0.7679 0.7187
LCI RVI
W1 w2 W3 W4 W1 w2 W3 W4
NO 0.4520 0.4757 0.5535 0.4935 1.7007 1.7678 1.9691 1.8160
N1 0.4652 0.4846 0.5967 0.5065 1.7390 1.7901 2.1688 1.9786
N2 0.4859 0.5095 0.6627 0.5795 1.8285 1.9016 2.7358 2.1016
N3 0.5576 0.5952 0.8056 0.6506 1.9037 1.9974 2.8488 2.3933
N4 0.5053 0.5309 0.7490 0.6018 1.8537 1.9391 2.7813 2.2797
0.61
. 044
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Fig. 4 Correlation between hyperspectrum and chlorophyll

content of soybean single leaf
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Fig. 5 Correlation between hyperspectrum and net

photosynthetic rate of soybean single leaf
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Table 4 Combination results of different preprocessing and modeling methods

X 42 i 4k B Ty 2% ATy % Rc Rp AN 4 i Ak 34 77 % A 1k R¢ Rp
4 2 A 5 MSC PLS 0.9306  0.914 3 #HoHER MSC PLS 0.866 6 0.6138
MSC+FD+S-G PLS 0.9606  0.972 0 MSC+FD+S-G PLS 0.9441  0.9326
MSC+SD+S-G PLS 0.9555  0.946 8 MSCHSD+S-G PLS 0.9798  0.944 8
MSC PCR 0.9378 0.9398 MSC PCR 0.5029  0.412 6
MSC+FD+S-G PCR 0.9227  0.974 7 MSC+FD+S-G PCR 0.8748  0.7552
MSC+SD+S-G PCR 0.8753  0.8800 MSC+SD+S-G PCR 0.8620  0.7253
SNV PLS 0.9173  0.9218 SNV PLS 0.766 9  0.3209
SNV+FD+S-G PLS 0.9296  0.9715 SNV+FD+S-G PLS 0.9626  0.9005
SNV-+SD+S-G PLS 0.9252  0.943 2 SNV+SD+S-G PLS 0.9927  0.970 8
SNV PCR 0.9252  0.9520 SNV PCR 0.6924  0.502 7
SNV+FD+S-G PCR 0.9445  0.9430 SNV+FD+S-G PCR 0.8187  0.716 7
SNV-+SD+S-G PCR 0.9245  0.9670 SNV+SD+S-G PCR 0.8688  0.7515

R, AE 500~700 nm P B Y S I 25 2 7 38 2 s a2
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Study on Response of Water and Nitrogen Stresses in Soybean Based on
Hyperspectral Analysis

LIU Shuang, YU Hai-ye, CHEN Mei-chen, PIAO Zhao-jia, YU Tong, LI Fa-qin-wei, SUI Yuan-yuan*
School of Biological and Agricultural Engineering, Jilin University, Changchun 130022, China

Abstract Rapid and non-destructive testing of soybean stress environment are critical to improving soybean quality and yield. In
recent years, the detection of plant stress by hyperspectral technology has been widely used, but there are few reports on the
application of water and nitrogen stress in soybean. Four kinds of water and five kinds of nitrogen levels were set in the flowering
and pod-forming soybeans for stress experiments in this paper. After the stress, the physiological information data of hyperspec-
tral, chlorophyll content and net photosynthetic rate were obtained, and 15 spectral vegetations indices were calculated by spec-
tral data. The index NDVI, RVI, GNDVI, mNDVI705 and L.CI were used to indicate the effects of water and nitrogen stress on
soybean. And soybean physiological information was predicted by establishing single leaf chlorophyll content and net photosyn-
thetic rate inversion model. The sensitive region was extracted by correlation analysis, and they were 520 ~622 and 485~ 664
nm respectively. Multivariate scatter correction (MSC), standard normal variable transformation (SNV), first derivative (FD),
second derivative (SD) and Savitzky-Golay smoothing (S-G) preprocessing are used, while two modeling methods. principal
component regression (PCR) and partial least squares (PLS), are selected to combine them into several methods according to a
certain relationship. The correlation coefficient is used as a model evaluation index to find a combination of optimal preprocessing
and modeling methods. The results showed that the hyperspectral curves of non-stressed and stressed soybeans had the same
trend but different spectral reflectance values. The reflectance of unstressed soybean has the lowest value in the 500~700 nm re-
gion and the highest value in the 760~900 nm region. and the reflectance in the 500~700 nm region gradually increases with the
increase of the degree of water-nitrogen stress. The effects of different water and nitrogen levels on vegetation index were differ-
ent, but the changes were consistent. The 5 vegetation indexes showed that the unstressed soybean was larger than the stressed
soybean, and the vegetation index value decreased with the increase of the degree of water-nitrogen stress. The optimum combi-
nation of inversion models is MSC+FD+S-G+ PLS and SNV+SD+ S-G+ PLS. The correlation coefficients of the correction
set are 0. 960 6 and 0. 992 7, and the correlation coefficients of the prediction set are 0. 972 0 and 0. 970 8, respectively. The re-
sults show that the model has high precision, and can accurately predict the physiological information of chlorophyll content and
net photosynthetic rate of stressed and unstressed soybean, and provide technical support for detecting physiological information

during large-scale planting.
Keywords Soybean; Water and nitrogen stress; Hyperspectral; Spectral vegetation index; Inversion model
(Received Apr. 16, 2019; accepted Aug. 22, 2019)
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