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Estimation Model of Leaf Area Index of Winter Wheat
Based on Hyperspectral Reflectance at Different
Sowing Dates
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Abstract: Leaf area index (LAI) is closely related to the photosynthetic ability of plants, and its measurement helps to evaluate
crop growth status and forecast yield. Hyperspectral remote sensing can be used to acquire crop LAI in real time. This research
aimed to establish the best hyperspectral monitoring model for winter wheat LAl under different sowing dates and to improve
the forecast precision of the LAI estimation model. The experiments combined ground measurements of winter wheat LAI data
with canopy hyperspectral data from four sowing dates. Eight kinds of vegetation indices were comparatively analyzed, then LAI
monitoring models for different winter wheat sowing dates were constructed using correlation and regression analyses. The results
showed that in comparison to LAI, spectrum monitoring models established for four different sowing dates and from all sowing dates
together, the first and fourth sowing dates were better fitted using EVI2 and mNDV]I, respectively. The second and third sowing dates
and all sowing dates together were best fitted using NDGI. The determination coefficients (RZ) for the first, second, third, fourth and
all sowing dates together were 0.803, 0.823, 0.907, 0.819, and 0.798, respectively. The model was validated using experimentally
collected LAI data and inversion LAI data. The root mean square errors for the fits of the first, second, third, fourth and all sowing
dates together were 0.81, 0.78, 0.63, 0.82, and 0.91, respectively. Our results show that monitoring models from different plant stages
with different sowing dates were better than a unified monitoring model with a mix of sowing dates, and the precision was higher.
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Table 1 The vegetation indices
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Fig. 1 Changes in spectral reflectance of canopy at
different sowing dates
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Fig.2 Correlation between canopy reflectance and LAl of winter wheat in different sowing dates
(a—e shows the correlation between spectral reflectance and LAl of winter wheat canopy at different sowing dates and all
sowing dates together)
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Table 2 Correlation coefficients between vegetation indices and leaf area index at different
sowing dates
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REEH 0.819** 0.816** 0.850** 0.845** 0.832** 0.798** 0.891** 0.805**
FEHA 0.692* 0.799* 0.594* 0.651* 0.638** 0.698* 0.506* 0.646*
$EHA2 LAI 0.731** 0.734** 0.795** 0.817** 0.615** 0.697** 0.898** 0.693**
¥EHA3 0.880** 0.844** 0.898** 0.922** 0.919** 0.828** 0.952** 0.889**
HEHR4 0.879** 0.884** 0.863** 0.894** 0.892** 0.871** 0.871** 0.871**
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Table 3 Quantitative relationship between LAl and the vegetation indices of winter wheat with different sowing dates

[\
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& IR MEHRE R? FgtitE Sig. SEWLAI 5 RELAIFRIRZE (RMSE)
OSAV1 y=18.617x—8.875 0.668 128.478 0.00 1.17
EVI2 y=15.952x—4.9792 0.732 125.300 0.00 1.19
NVI y=0.6045x+-1.7345 0.723 164.166 0.00 1.07
TREHE mNDVI y=18.241x—8.4253 0.716 156.954 0.00 1.08
SR y=0.1525x+0.8623 0.693 142.048 0.00 1.12
DVI y=22.136x—3.0919 0.633 110.206 0.00 1.23
NDGI y=54.548x+1.4308 0.798 243.192 0.00 0.91
NDVI y=21.51x—14.335 0.650 115.781 0.00 1.20
OSAV1 y=14.015x—4.4722 0.479 16.528 0.00 0.82
EVI2 y=10.401x—0.456 0.803 76.187 0.02 0.81
NVI y=0.221x+4.8291 0.353 21.819 0.01 0.92
L mNDVI y=7.2511x+0.9579 0.423 13.220 0.00 0.86
SR y=31.766x—23.282 0.407 12.332 0.0 0.88
DVI y=0.2522x+0.7184 0.487 17.118 0.00 5.66
NDGI y=7.0328x+2.7324 0.456 16.187 0.00 0.98
NDVI y=16.069x—8.637 0.417 12.882 0.00 0.87
OSAV1 y=0.0106x+-0.7304 0.535 14.954 0.00 1.13
EVI2 y=25.592x—12.034 0.538 15.167 0.00 0.92
NVI y=0.7473x+0.7563 0.632 22.363 0.00 0.82
2 mNDVI y=52.899x—35.604 0.667 26.022 0.00 0.78
SR y=0.1969x—0.7156 0.465 14.681 0.05 0.97
DVI y=29.194x—5.9848 0.485 12.267 0.00 0.98
NDGI y=63.276x+-0.5884 0.823 86.278 0.00 0.78
NDVI y=73.625x—63.515 0.454 12.374 0.14 1.05
OSAV1 y=25.582x—14.299 0.774 44.585 0.00 0.99
EVI2 y=18.239x—6.7708 0.713 32.256 0.00 111
NVI y=0.6281x+1.666 0.807 54.213 0.00 0.91
] mNDVI y=23.641x—12.666 0.850 73.788 0.00 0.80
s SR y=0.1822x+0.1772 0.844 70.241 0.00 0.82
DVI y=26.268x—4.7804 0.685 28.296 0.00 117
NDGI y=66.174x+0.5712 0.907 127.057 0.00 0.63
NDVI y=232.497x—24.46 0.790 48.949 0.00 0.95
OSAV1 y=14.379x—6.218 0.772 64.339 0.00 0.98
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