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Spectroscopy and Spectral Analysis
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Table 1 Vegetation index formula
Ex il 5 AN
L F A 5 4 4K RVI Riea/Ruie
I8 i 70 R 4% 48 2K EVI (14 L) (Ruir — Rrea) / (Riir T C1 Ryed — Ritue Co+-1.)
PSRRI DVI Riir —Rrea
I — b 22 S A e AR NDVI (Ryjir = Rrea) / (Ryir +Ryea)
TR — AL LBl 45 $L RDVI Vv NDVI/DVI
U R w4 B SAVI (Ruir —Rrea) (1+L) / (Ruir + Rrea +L)
6 5 TR 0 R A R 9 MSAVI (2NIR+1— /2NIR+D? —8(NIR—RED))/2

IE: Reear Ruirs Ruwe 20008 TM BB (2006 L2050, B RS 3; L ZEZRERFARER T C M C BACERE. HAES 58 1.0,

6. 0. 7. 5[6. 9-107]

Note: Ryeds Ruirs Rpne are the reflectivity of the TM band (red, near-infrared, blue); L is the adjustment factor of the canopy background; C; ,

Cs are the weight coefficients, the values are 1.0, 6.0, 7. 56> 9-10]
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The changes of SPAD values (a) and LAI in the growth period (b)

Note: DAA: Days After Anthesis (the same below)
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Fig. 2 Changes of spectral reflectance curves in (a) normal sowing and (b) late sowing
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Table 3 Correlation between SPAD value
and CSRVI index with LAI

Reflectance

Reflectance

Reflectance

e AR
CSRVI LAI
I HE 0.963* 0.847 4*
e 76 0.997* " 0.812 7*
TE: % = "RIRTE 0. 01 AP B “ % "RIRAE 0. 05 K | B35
CF D
Note: “ % % ” means significant at the 0. 01 level; “ * ” means sig-

nificant at the 0. 05 level (the same below)
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Fig. 3 Spectral reflectance curves of three canopy modes

Note: On April 12th (a, c, e) and April 28th (b, d, ), the normal sowing date and late sowing treatment
were in the middle filling stage, 28 DAA and booting stage, and 7 DAA
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(R S P 3 AT 45 SR AN 4 (b IR =R A 4 5% 1 B Dk
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(456 ~574 nm) = Fi 5 )2 458 2 19 A8 5 PR AR 8K . 7E 574~708
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KT 0.6, 30°H1 9075 2 458 =X 1) AH DG PRI . A 06 R UK
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A LY (500~600 nm) &b — A0, Xl T R AE it
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2.3 MERIEHS/\ TR IS A KB IE DT
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Fig. 4 Correlation between spectral reflectance and leaf area index

(a): Normal sowing; (b): Late sowing
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®3 BEEATHEREHSEREED
HXKXR(HEERE n=15)
Table 3 Correlation between leaf area index and vegetation in-

dex under calnopy pattern (sample size n=15)

R R

mpE 30T R 60°Jet )= 90°Jet )z #E X
IEHIRY Wi BRI B RS s

RVI 0.403  0.708  0.714 0.859* 0.775  0.860
NDVI  0.473  0.787  0.697 0.887* 0.717  0.890"
DVI 0.330  0.553 0.782 0.764  0.673 0.516
EVI 0.377  0.654 0.832 0.824" 0.465 0.721
RDVI - 0.677  0.543 0.973*" 0.327 —0.180
SAVI 0.391  0.690  0.794 0.847* 0.4627 0.725
MSAVI ~ 0.364  0.686 0.807 0.843" 0.4454 0.698
CSRVI ~ 0.886 0.782 —0.016 0.593  0.975" 0.832

YRS T IE R R AL B LAT 5\ Fh T 04 B R B0
M. 76 30TE AR, 8 BT A 5 LAL 43¢,
HoAB i B AR %% CSRVI 5 LALAH G R K, 3% 0. 886, fH
A3k KO, oL A AR 80 LAL AR C R BT
0.5; 60° 7 E BT EVI 4550 MSAVI #5505 LAT (41 %
PEREUR K, KF 0.8, HEARKBEKT; 905 2T
B CSRVIF8 45 LA ik #f 8 K, AR RHCH 0.975°

HW, T AR AL HE 8 AR B S LAT B AR S 1
SRR : 30°5@ 2 AT NDVT 45 %R 355 Hi I 4 vk
65 CSRVI 5 LA Y AHE REUR K, HE R B 8 E KT

60° 5 ERA T, B DVIHI CSRVI$8504h . HoAth 7S Fh 4 95 45
5 LAT #3602 sl B AH ¢ 907 )2 B0 . NDVI 4§
B5 LAT ARG HE R R 2 0. 890, @ T . E /KK 5 .
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Table 4 Estimation model of full-band vegetation index and LAI (sample size n=15)
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EH % 90° & R K CSRVI 2 o 5 Y=—7.873 6-+6.223 8X 0. 950"
BT Y=2.090 4X!-5014 0.939*
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W% 607 J22 2 5 RVI 25 1 R B Y=—0.617 274+1. 675 9X 0.738*
TR Y=1.237 1X"1522 0.732*
6 %5 bR 3K Y=1.012 6e0- 189 52 0. 697"
NDVI R Y=—0.246 089+9. 283 0X 0. 787"
BB Y=8.999 5X1- 0415 0. 785"
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EVI 21 bR B Y=0.940 079+10. 224 1X 0.679*
R Y=9.036 4X0671 880 0.711*
RDVI B Rk Y=—44.085 2+117. 820 5X 0. 9477
T PR B Y =30 221 333.33X!7-6791 0.974**
SAVI 2Pk PR AL Y=0.821 530+7.598 4X 0.718*
R Y=7.408 6X0 703 381 0. 745"
MSAVI 2R L bR 3K Y=1.0311+7.173 7X 0.710*
PR Y=7.073 1X0 639518 0. 747
90° 3 J22 8 5 NDVI 25 1 R B Y=—1.303 0+11.095 0X 0.792*
0

Y=10.702 8X!332 . 783"
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Estimation Method of Wheat Leaf Area Index Based on Hyperspectral
Under Late Sowing Conditions

SUN Hua-lin, GENG Shi-ying, WANG Xiao-yan® , XIONG Qin-xue”
Agronomy College, Yangtze University/ Hubei Collaborative Innovation Center for Grain Industry Engineering Research Center

of Ecology and Agriculture Use of Wetland, Ministry of Education, Jingzhou 434025, China

Abstract In this study, hyperspectral remote sensing technology was used to measure the changes of leaf and canopy character-
istics with leaf area index (LAID) of wheat leaves under late sowing conditions, and the LAI estimation method suitable for late
sowing wheat was established. The results show that: (1) Correlation analysis between chlorophyll spectral reflectance vegeta-
tion index (CSRVI) is extracted from the red and blue bands (420~663 nm) to analyze the correlation between SPAD value and
CSRVT of the leaf mode under normal sowing and late sowing treatment with R* being 0. 963" and 0. 997" * reached significant
and extremely significant level, respectively. (2) It is concluded that the correlation coefficients of LAI and SPAD values for the
two sowing dates are 0. 847 and 0. 813" by using correlation analysis, respectively, and both reaching significant levels. The
SPAD value is correlated with LAl and CSRVI indices. and the CSRVI index can be used to establish the LAI estimation model.
(3) Analysis of the spectral curves of characteristics of leaf pattern and canopy patter shows that the reflectance of leal pattern
increases sharply at 680~780 nm. There are two distinct absorption troughs at 446 nm, 680 nm in visible light band and 1 440
and 1 925 nm in near-infrared wave band. There is a clear reflection peak at 540-600 nm band. There are two distinct reflective
peaks at 1 660 and 2 210 nm, and the spectral reflectance of the three canopy modes is the highest in the three canopy modes.
(4) Correlation analysis between the reflectance of each band and the leaf area index shows that the spectral reflectance has a
negative correlation with the overall LAI in the visible light range, and there is a peak at 500~600 nm. (5) Correlation analysis
of the equivalent vegetation index and ILAI in the three canopy modes (the angle of incidence of the instrument with the ground at
30°, 60°, and 90° respectively) is obtained: there was no significant correlation between 8 vegetation indices and the LAI under
the late sowing condition of 60° canopy mode. And a significant and extremely significant the 6 vegetation indices (normalized
vegetation index (NDVID), enhanced vegetation index (EVI), re-normalized vegetation index (RDVI), Soil-adjusted vegetation
index (SAVD and modified Soil-adjusted vegetation index (MSAVD) ) under the late sowing condition of 60° canopy mode; the
CSRVT indices in the 90° canopy mode were significantly correlated with the LLAI of the normal sowing date. NDVI index is
significantly correlated with LAI in late sowing treatment; the correlation between the 8§ vegetation indices in the 30° canopy
mode and the LAI in the two sowing dates was not relevant. Comprehensive analysis of the CSRVI index, NDVI index is the
most relevant, and these two indices have the most potential to estimate LAI. (6) The LAI model was estimated by the vegeta-
tion index calculated by the three canopy models. The results show that under the normal sowing date, the best estimation model
is the Linear function model established by the 90° canopy model with CSRVI index Y=Y = —7.873 6+6.223 8X; The best
model under late sowing conditions is the power function model Y =30 221 333. 33X established by the 60° canopy mode
RDVI index, with R* being 0. 950" and 0. 974" * in the two treatments, respectively. Studies have shown that the CSRVT index
extracted from the test can reflect the chlorophyll content of flag leaf. The chlorophyll content of wheat during the growth period
can be monitored by the leaf pattern of the spectroscopy instrument; [LAI estimation model based on CSRVT index and RDVT in-

dex calculated by canopy model can be used to observe wheat LAl without damage.
Keywords Hyperspectral; LLAI; Vegetation index; Mhlorophyll; Model
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