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Remote sensing estimation model of SPAD for
rice leaves in Northeast China

ZHANG Xinle', YU Ziyang', LI Houxuan', LIU Huanjun'* , ZHANG Zhongchen?,
ZHAO Mingming', WANG Xiang'
(1. College of Resources and Environment, Northeast Agricultural University, Harbin 150030, China;

2. Agricultural College, Northeast Agricultural University, Harbin 150030, China)

Abstract To realize the real-time and lossless monitoring of chlorophyll content in rice leaves by using high precision
SPAD remote sensing estimation model, the spectral reflectance of rice leaves under different nitrogen application
levels in Northeast China was taken as study object. A SPAD hyperspectral estimation model with different input
amounts was constructed by using regression model and BP neural network algorithm. The optimal input quantity and
the optimal model were determined by the model precision evaluation index determination coefficient (R?)and the root
mean square error (RMSE). The results showed that: 1) The spectral reflectance of different rice varieties was different
at booting stage and heading stage; 2) The polynomial model based on DVI (D755, D930) was the most accurate
among the regression models. 3) Compared with the regression model, the estimation accuracy of the BP neural
network model with single band reflectivity as input at different wavelengths was significantly improved and its R?> was
up to 0.98. The estimation accuracy of BP neural network model was stable when the number of hidden nodes was 7.
It was proved that the neural network model was more stable and could be used to invert the relative chlorophyll content
by using different band reflectivity as input at visible and near infrared. The results illustrated the spectral response

mechanism of different rice varieties in Northeast China, and provided a technical method for the high-precision inversion
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of SPAD in rice leaves and the regulation of normal growth process of rice in Northeast China.

Keywords rice; hyperspectral; neural network; relative chlorophyll content; vegetation index; first order differential

spectroscopy
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Fig. 1 Leaf reflectance curves of variety 188 and Longdao 11 under N3 fertilization at different stages
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Table 2 Correlation coefficient between spectral parameters, vegetation index and SPAD

28 LIPSE 34 28 LIPS
Parameter Correlation coefficient Parameter Correlation coefficient
D, 0.327* 0/ o 0.392"
A 0.05 ND(p, »0,) 0.412
SD, 0.276"" SD, /SD, 0.530™
D, —0.533" SD, /SD, —0.578"
Ay —0.035 ND(SD, ,SD,) 0.516
SD, —0.388 ™ ND(SD, ,SD,) —0.568"
D, 0.467" DVI(710,982) 0.803"
A 0.688" RVI(402,418) —0.813"
SD, 0.682" NDVI(662,1 000) 0.824"
0 0.274™ DVI(D755,D930) 0.814™
SD, 0.272* RVI(D413,D693) 0.843"
o 0.116 NDVI(D413,D622) 0.849™

TE oo RIRTE 0. 01 KPR B,

Note: ** shows significant correlation at the level of 0. 01.
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Table 3 First order differential SPAD estimation regression model

. BAFEA LTANREN
| J i . .
(s WA 7 Modeling sample Verification sample
Model Regression equation

R? RMSE R? RMSE
B0 y=26. 34’588 0.584 4. 008 0.615 3. 040
M y=32.515x+25.2 0.584 3. 848 0.653 2. 787
i y=13.468In(x)+51. 368 0.637 3.594 0.741 2.591
2  y=—82.603x +104.952x+10.978 0.661 3.476 0.757 2.583
T PRBL y=054.066x"*"! 0. 650 3.678 0.714 2.745
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Table 4 Regression model of vegetation index and SPAD estimation

HBREA BEREA

EL SRS A7 R Calibration set Validation set
Vegetation index Regression equation

R? RMSE R? RMSE
DVI(710,982) y=15.0752"%77 0.692 3.457 0.769 2.538
RVI(402,418) y=31.181a *%" 0.701 3.305 0.474 3. 404
NDVI(662,1 000) y=72.3412%"" 0.681 3. 467 0.74 2.575
DVI(D755,D930) y=—2103. 52" +469. 62 +18. 287 0.748 2.996 0.785 2.184
RVI(D693,D413) y=53.382¢" %! & 0. 745 3.086 0. 685 2.571
NDVI(D413,D622) y=36. 732" % 0.743 3.128 0. 64 2.817
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Table 5 Modeling and validation of rice leaf spectral SPAD neural network
. ‘ e RUZ
il A2 Ak Nodes in hidden layers
Input Sample
4 5 6 7 8 9 10

NDVI(662,1 000) % R? 0. 817 0.853 0. 842 0. 881 0. 854 0. 875 0. 853
DI ZR

DVI(D755,D930) RMSE 2.382 2.139 2.243 1. 940 2.137 1.970 2.105

RVI(D413,D693) Kol R? 0.821 0. 858 0. 839 0. 879 0. 857 0.863 0.851
LA

NDVI(D413,D622) RMSE 2.306

2.144  2.228 2.010 2.096  2.151  2.220

500 % R* 0.900 0.888 0.908 0.955 0.961 0.968  0.972
550 RMSE 1.723 1. 830 1. 813 1. 230 1. 086 1.080  0.821
660 - R? 0.899 0.90Z2 0.887 0.949 0.970  0.970  0.979
860 o RMSE 1.899 . 927 1. 696 1.442 1.102 1.556  0.979
450 % R* 0.852 0.899 0.909 0.940 0.928 0.926  0.946
540 RMSE 2.128 1. 848 1. 677 1.355 1.623 1. 499 1. 300
680 R? 0.857 0.885 0.917 0.948 0.924 0.921 0.954
Bk
960 RMSE 2.200 . 903 1.935 1. 412 1. 240 1.754 1. 284

4 T g
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BB IR BRI 2 0 2K B 25 SR L e
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