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Remote Sensing Estimation of SPAD Value for Wheat Leaf Based on GF —1 Data

Li Fenling'?  Wang Li' Liu Jing'? Chang Qingrui'”
(1. College of Resources and Environment, Northwest A&F University, Yangling , Shaanxi 712100, China
2. Key Laboratory of Plant Nuirition and Agri-environment in Northwest China, Ministry of Agriculture, Yangling, Shaanxi 712100, China)

Abstract: The hyper-spectral reflectance of winter wheat canopy in different growth stages in Guanzhong
Region were applied to simulate the satellite spectral reflectance of domestic high-resolution satellite GF — 1,
and then eighteen broad vegetation indices which were sensitive to the chlorophyll content were obtained
based on the simulation reflectance. The relationships between SPAD values and eighteen vegetation
indices were analyzed at different growth stages of winter wheat, and the most related vegetation indices
were selected to construct the remote sensing monitoring model of SPAD value for leaf by regression
analysis. Finally, the models for wheat greenup stage were used to estimate the SPAD value for winter
wheat leaf through GF —1 satellite data. The results showed that the SPAD values were highly related with
the TGI index in greenup, booting and whole growth periods. The correlation coefficients were —0. 742,
—0.740 and -0. 483, respectively. The SPAD values were significantly related with SIPI and GNDVI
indices in jointing and grain filling stage, and the correlation coefficients reached to 0. 788 and 0. 745,
respectively. The GNDVI, GRVI and TGI indices kept a good relationship with leaf SPAD values in each
growth period at the 0. 01 probability level. All the regression models proposed by GNDVI, GRVI and
TGI indices performed well, especially the RandomForest regression model ( SPAD — RFR). The best
prediction results appeared at the jointing stage of winter wheat. It concluded that SPAD — RFR regression
model based on the GF — 1 satellite imagery data could effectively monitor the SPAD value for winter
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Tab.1 Spectral indices and formulas
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Variation of SPAD values for winter wheat at

different growth stages
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Tab.2 Correlation coefficients between SPAD values and vegetation indices at different growth stages

e LI BT B L I R LA
1 ARVI -0.587"* 0.783** 0. 446 * 0.602* * 0. 002 0.133
2 DVI -0.550"* 0. 240 -0.401 0.241 0.188 0.111
3 EVI ~0.553"* 0.328 -0.348 0. 296 0. 130 0.125
4 GNDVI -0.512** 0.776* * 0.587** 0.745** 0. 040 0.271**
5 GRVI ~0.424"* 0.616** 0.635"* 0.703 " * 0. 080 0.413**
6 NDVI -0.589"* 0.787"* 0.449 * 0.612%* 0. 001 0.129
7 NPCI 0.580 " * -0.585%* -0.428" -0.333* 0. 140 -0.168
8 NRI ~0.580"* 0.657"* 0.111 0. 037 -0.067 0.079
9 OSAVI -0.578"* 0.507 ** ~0.200 0.428** 0.077 0. 127
10 PSIR 0.646** -0.782*%* ~0.430" -0.578** 0.035 ~0.051
11 RVI ~0.419"* 0.562** 0. 420 0.490 " * 0. 049 0.322%*
12 SIPI 0.662"* ~0.788** ~0.425" -0.576%* 0.078 0. 004
13 TVI -0.564"* 0.230 -0. 407 0. 224 0.135 0.093
14 VARI -0.569"* 0.633"* 0. 160 0. 055 -0.059 0. 095
15 TGI -0.742"* -0.780"* ~0.740 % * -0.559%* 0. 006 ~0.483%*
16 WDRVI -0.527"* 0.762** 0.458 * 0.603 " * 0.027 0.218*
17 TCARI 0.318* -0.358 0. 042 -0.350* 0. 106 ~0.277%*
18 LA 0.378* -0.417* -0.087 —0.415** 0. 067 -0.293**
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Tab.3 SPAD value estimation models at different growth stages
HH Ay R R?
SPAD - LR Vapan = —4589. 7V + 53.86 0. 550
SR SPAD - MSR, Vepan = =0.959 Vi + 0.5V, + 0.878 0. 630
SPAD - MSR, Vepan = =0.755 Vigy + 0.277Vipy + 0. 892 0.616
SPAD - LR Vepap = —228. 71V + 285.23 0. 620
A SPAD — MSR, Vepan =49. 376 Varpr + 2. 336Vyper — 33. 571 Vg —0. 864V, + 1. 448 0. 930
SPAD - MSR, Vepap = —0. 835 Vi + 1.588Veypy — 1. 064Vepy + 0.415 0. 830
SPAD - LR Vepap = — 5 988.4 Vi, + 56.153 0. 550
Z R SPAD — MSR, Vepap = — 0. 816 Vigy + 0.553Vypys + 0. 38 0. 660
SPAD — MSR, Vepap = — 0. 816 Vigy + 0.553Vypys + 0. 38 0. 660
SPAD - LR Vapap =74.985Vnpyr + 8. 68 0. 560
T3] SPAD — MSR, Vepan =4 522Vexpvr —3- 825Vagpryr — 1. 053 Vypey + 0. 995 0.798
SPAD — MSR, Vepap = 1. 868 Vxpyr 0. 641 Vi = 1.012V iy, + 0. 394 0. 670
SPAD - LR Vepap = —5460.8 Vg, + 57.566 0. 230
AH MW SPAD — MSR, Vpan = —0.85Viq = 7. 57Vacppr + 5. 03Vicart/ Vosavi =2 42Vgyy +3.4 0.438
SPAD - MSR, Vipap = = 0. 472 Vigy + 0.256Vnpy + 0. 701 0.318
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Tab.4 Accuracy test of SPAD value estimation models

> = ) . == F5
LEM TR R RMSE REP/% Iy
SPAD - LR 0.53 2,71 0.91 1.09
- SPAD-MSR,  0.65 2.25 0.52  1.18
B gpap - MSR, 0.68 1.87 0.80  1.04
SPAD - RFR 0.81 1.40 0.70 1.07
SPAD - LR 0.54 4.20 3.10 0.82
» SPAD-MSR,  0.79  2.00 0.34  1.18
BHW gpap - MSR, 0.71 270  0.53 1.82
SPAD - RFR 0.84 1.93 1.27 1.32
SPAD - LR 0.53 1.90 0.60 1.21
SPAD-MSR,  0.78 1.63 -1.78 0.88
PRI Spap - Msr 0.78 1.63 -1.78 0.88
2
SPAD - RFR 0.81 4.20 9.30 1.37
SPAD - LR 0.49 11.95 25.8  1.95
. SPAD-MSR,  0.67 1.81 116 0.88
SPAD-MSR,  0.53 2.12 0.40 0.86
SPAD - RFR 0.82 1.37 0.8 0.88
SPAD - LR 0.17 3.20 2.70 0.18
.. SPAD-MSR,  0.40 850 31.50 0.20
FEFM gpap - MSR, 0.44 4.76 6.86  1.30
SPAD - RFR 0.66 2.50 4.42  1.02
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Fig.2 Distribution of estimated and measured leaf SPAD values
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Fig.3 Spatial distribution of SPAD values in different models at greenup stage
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