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Table 1  Algorithm and references of different spectral parameters and vegetation indices
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Fig.2 Correlations of LAl with canopy reflectance spectrum under different N rates in rapeseed at different stages
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Table 2 Screening sensitive bands of canopy reflectance spectrum at different stages
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BAE W Full-bloom stage 674 0.79** 780 0.80* "
I W Pod stage 630 0.28 780 0.84**

Hox R % % APBIFRORTE 5% M 1% KR P, Note: * and * * means significance at 5% and 1% level respectively.
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Table 3 The calibration and validation of prediction models of LAI at six-leaf stage
A HABLE (1 =16) B (n=8)
e A 1 N _ S _
. i Calibration(n =16) Validation(n =8)
Serial number Variable Model
R..? RMSEC R.a? RMSEP RPD
1 D. Y=10457.55X%—2.99X +0.69 0.87 0.21 0.81 0.39 1.62
2 Sbr Y=6.42X?40.099X +0.68 0.84 0.23 0.80 0.45 1.40
3 DVI Y=6.13X2+0.42X +0.64 0.84 0.24 0.80 0.43 1.47
4 SAVI Y=19.32X?—2.66X+0.85 0.84 0.24 0.79 0.42 1.50
5 MSAVI Y=5.93X%?—1.86X+0.93 0.84 0.24 0.78 0.42 1.50
6 RDVI Y=8.53X2—3.7X+1.18 0.83 0.24 0.78 0.42 1.50
7 NLI Y=1.59X2+40.80X +0.84 0.78 0.28 0.67 0.41 1.54
8 Dy Y=48240148.19X2—10267.78X +1.41 0.74 0.30 0.70 0.42 1.50
9 Sy Y=0.51e?2°X 0.74 0.30 0.54 0.49 1.29
10 PVI Y=—4.59X%+6.49X+0.4 0.74 0.31 0.52 0.46 1.37
11 NBR Y=19.08X2—19.49X +5.74 0.71 0.32 0.80 0.33 1.91
12 GNDVI Y=—0.04X?40.77X +0.03 0.70 0.32 0.73 0.35 1.70
13 TPVI Y=32.7X?—46.38X +17.17 0.70 0.33 0.61 0.42 1.50
14 MSR Y=0.046X?+40.64X +0.41 0.69 0.33 0.65 0.40 1.58
15 RVI Y=-—0.0063X%+0.25X+0.2 0.69 0.33 0.62 0.41 1.54
16 NDVI Y=3.02X"% 0.66 0.35 0.54 0.44 1.44
17 Dy, Y=404960.77X%—796.43X +1.15 0.65 0.35 0.47 0.49 1.29
18 NGR Y=6.009X%—0.209X +0.71 0.58 0.38 0.40 0.51 1.24
19 or Y=—1157.73X%+93.09X +0.17 0.57 0.39 0.39 0.50 1.26
20 S Y=861.83X2—37.77X+1.19 0.49 0.42 0.28 0.53 1.19
21 0g Y=108.24X?—1.79X +0.48 0.24 0.52 0.45 0.47 1.34
22 NYR Y=—122.59X2+195.02X —75.56 0.23 0.52 0.54 0.51 1.24
23 Sy Y=2.2InX—1.75 0.16 0.54 0.45 0.49 1.29
x4 SHEAHEREHGEITEERKR
Table 4 The calibration and validation of prediction models of LAI at eight-leaf stage
A (= N £E (n =
o At Hom ‘gf)\%(n 16) T)\.{LJ%M 8)
. . Calibration(n =16) Validation(n =8)
Serial number Variable Model - -

R’ RMSEC R.a® RMSEP RPD
1 NLI Y=0.37e>9X 0.90 0.43 0.79 0.61 2.26
2 NBR Y=76.33X%—95.22X+31.13 0.89 0.45 0.79 0.60 2.30
3 NDVI Y=0.007e"15X 0.88 0.47 0.87 0.49 2.82
4 TPVI Y=8.33X 17 0.88 0.47 0.86 0.50 2.76
5 RVI Y=—0.0094X%+0.46X —1.18 0.88 0.47 0.85 0.52 2.65
6 MSR Y=0.05X%2+1.46X—0.98 0.87 0.47 0.85 0.51 2.70
7 RDVI Y=17.42X?—7X+0.9 0.87 0.48 0.64 0.82 1.68
8 MSAVI Y=10.2X?—1.59X+0.11 0.87 0.48 0.61 0.85 1.62
9 PVI Y=—17.95X%2+19.26 X —1.1 0.87 0.47 0.34 1.10 1.25
10 D, Y=4538.37X?+360.06X —1.17 0.86 0.49 0.61 0.88 1.57
11 SAVI Y=27.95X?+1.46X —0.32 0.85 0.51 0.59 0.88 1.57
12 GNDVI Y=0.98X —1.37 0.85 0.51 0.80 0.58 2.39
13 NGR Y=24.33X%—4.04X+0.3 0.84 0.52 0.80 0.62 2.22
14 DVI Y=4.36X%+7.29X—0.9 0.84 0.53 0.57 0.90 1.53
15 Spr Y=4.11X?+7.44X—0.96 0.83 0.54 0.56 0.91 1.52
16 Spy Y=—1195.67X%+175.59X —1.47 0.82 0.56 0.57 0.87 1.59
17 D, Y=45304233.54X%—18997.91X +2.9 0.71 0.71 0.83 0.60 2.30
18 or Y=—1073.25X%—18.98X +5.05 0.71 0.71 0.77 0.77 1.79
19 NYR Y=—1357.07X%+2249.13X —928.23 0.67 0.76 0.42 2.21 0.62
20 Dy, Y=—65441118.80X?+422401.09X —15.95 0.52 0.92 0.36 1.19 1.16
21 S Y=—18040.02X2+1295.96X —20.17 0.24 1.15 0.28 1.10 1.25
22 Sbg Y=—1.07X?+7.42X —10.04 0.03 1.31 0.02 1.31 1.05
23 Og Y=—1329.7X?+230.62X —7.23 0.02 1.31 0.03 1.32 1.04
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Table 5 The calibration and validation of prediction models of LAI at ten-leaf stage

g okt o JEBAEG =16 B (n =)
Serial number Variable Model Calibration(n =16) Validation(n=28)

R’ RMSEC R’ RMSEP RPD
1 NLI Y=3.59X?+0.42X+0.19 0.93 0.23 0.94 0.44 2.52
2 Dy, Y=—1905188.01X?-+7323.36X —4.33 0.92 0.25 0.91 0.39 2.84
3 MSAVI Y=8.29X?—2.7X+0.46 0.91 0.27 0.92 0.47 2.36
4 RDVI Y=12.86X2—6.15X+1 0.91 0.26 0.92 0.47 2.36
5 NGR Y=—6.63X%2+9.88X —0.2 0.90 0.28 0.97 0.34 3.26
6 NDVI Y=0.0046e™4X 0.90 0.27 0.97 0.42 2.64
7 TPVI Y=0.0000028¢!"-8X 0.90 0.27 0.97 0.42 2.64
8 RVI Y=0.0009X?%-+0.23X —0.44 0.90 0.28 0.96 0.42 2.64
9 MSR Y=0.48X"17 0.90 0.28 0.96 0.43 2.57
10 SAVI Y=125.94X?—3.4X+0.31 0.90 0.28 0.91 0.49 2.26
11 Sy Y=—1671.82X%?+130.11X +0.08 0.90 0.27 0.88 0.47 2.36
12 D, Y=6230.91X%+165.76 X —0.45 0.89 0.29 0.92 0.47 2.36
13 Sor Y=28.25X"17 0.88 0.30 0.90 0.50 2.21
14 DVI Y=8.18X """ 0.88 0.30 0.90 0.50 2.21
15 Spb Y=-—9250.73X2+676.11X —9.78 0.88 0.31 0.89 0.45 2.46
16 PVI Y=—1.22X%?+6.39X —0.1 0.86 0.33 0.89 0.58 1.91
17 GNDVI Y=0.22X?—1.11X+1.58 0.78 0.41 0.84 0.77 1.44
18 NYR Y=146.5X2—295.18X +149.11 0.76 0.43 0.51 0.74 1.50
19 NBR Y=112.38X730:16 0.69 0.50 0.87 0.87 1.27
20 Dy Y=19453411.41X%—15380.52X +3.72 0.68 0.50 0.64 0.69 1.60
21 or Y=744.17X%?—135.7X +6.37 0.57 0.58 0.85 0.62 1.79
22 O¢ Y=555.03X%—36.2X+1.1 0.25 0.76 0.10 1.00 1.11
23 Spg Y=—0.01X%2+0.95X —1.46 0.14 0.81 0.03 1.05 1.05
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Table 6 The calibration and validation of prediction models of LAI at full-bloom stage

LRAE (n =16 il n=28
5 2t HR Cz%:?i%:n(n :1>6> Vfaﬁ;i{:i%o(n(n :)8)
Serial number Variable Model

Rca? RMSEC Ra? RMSEP RPD
1 S Y=1.94InX +6.73 0.80 0.37 0.87 0.34 2.57
2 Spy Y=2630.08X?—33.46X +0.28 0.80 0.38 0.79 0.67 1.30
3 Dy, Y=—238260.96X2+2293.39X —2.48 0.79 0.39 0.84 0.39 2.24
4 O Y=—96.86X%+48.78X —3.01 0.76 0.41 0.85 0.39 2.24
5 Sbg Y=2.88InX —3.31 0.75 0.42 0.85 0.40 2.18
6 NYR Y=253.84X%—471.05X +218.85 0.74 0.43 0.79 0.49 1.78
7 NBR Y=—16.82X%+14.19X —0.22 0.70 0.46 0.89 0.29 3.01
8 or Y=2.25InX +7.39 0.66 0.49 0.80 0.42 2.08
9 DVI Y=—134.93X?+121.33X —24.83 0.65 0.49 0.25 1.29 0.68
10 Sbr Y=134.34X?+120.38X —24.53 0.64 0.50 0.24 1.29 0.68
11 D, Y=—35113484.42X2—543.5X +2.09 0.63 0.51 0.79 0.41 2.13
12 PVI Y=—18.11X%+20.45X —2.90 0.63 0.51 0.15 0.85 1.03
13 D, Y=—203477.25X%+4073.59X —18.14 0.61 0.52 0.24 1.07 0.82
14 GNDVI Y=—0.2X%2—0.04X+3.18 0.60 0.53 0.73 0.46 1.90
15 RVI Y=-0.04X?+40.04X+2.9 0.47 0.61 0.47 0.61 1.43
16 MSR Y=—0.96X?4+0.57X +2.86 0.46 0.61 0.48 0.61 1.43
17 NDVI Y=—23.38X?+22.22X —2.33 0.44 0.62 0.50 0.60 1.46
18 TPVI Y=—93.5X2+137.94X —47.93 0.44 0.62 0.50 0.60 1.46
19 SAVI Y=—477.25X?+294.69X —43.28 0.39 0.65 0.17 1.41 0.62
20 RDVI Y=401.38X%—409.8X +105.9 0.19 0.75 0.23 1.33 0.66
21 MSAVI Y=141.83X%—138.85X 1+35.33 0.15 0.77 0.61 1.04 0.84
22 NLI Y=49.87X2—47.53X +12.7 0.15 0.77 0.02 1.08 0.81
23 NGR Y=142.05X%?—80.49X +12.8 0.07 0.81 0.01 1.02 0.86
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Table 7 The calibration and validation of prediction models of LAI at pod stage

HRAE (n=16) T AE (n=8)

F5 e R Calibration(n =16) Validation(n=28)
Serial number Variable Model
R ? RMSEC R..* RMSEP RPD
1 RDVI Y=142.28X%?—28.69X +5.09 0.88 0.24 0.74 0.57 1.36
2 MSAVI Y=31.36X2—19.85X +3.38 0.88 0.24 0.73 0.57 1.36
3 NLI Y=10.68X?—1.84X+0.31 0.88 0.24 0.70 0.53 1.46
4 SAVI Y=091.76X%—29.62X +2.61 0.87 0.25 0.72 0.63 1.23
5 DVI Y=28.16X%2—9.21X+0.88 0.86 0.26 0.71 0.72 1.08
6 D, Y=22423199.31X2?—15201.27X +2.65 0.86 0.26 0.55 0.56 1.38
7 Sor Y=128.68X?—11.08X +1.26 0.85 0.27 0.68 0.77 1.01
8 Sy Y=917.13X?—3.22X +0.19 0.82 0.30 0.70 0.53 1.46
9 PVI Y=—6.71X%>+10.48X —1.14 0.80 0.31 0.65 0.55 1.41
10 NDVI Y=54.53X%—57.43X +15.25 0.78 0.32 0.84 0.56 1.38
11 TPVI Y=218.1X%2—332.97X +127.21 0.78 0.32 0.84 0.56 1.38
12 MSR Y=2.6X%2—2.82X+0.7 0.78 0.33 0.83 0.57 1.36
13 RVI Y=0.09X?—0.15X —0.42 0.77 0.33 0.82 0.57 1.36
14 D, Y=121469.21X%—1424.18X +4.45 0.75 0.35 0.56 1.05 0.74
15 Dy, Y=1728795.4X?—1418.21X +0.84 0.69 0.39 0.64 0.76 1.02
16 S Y=1215.11X%2—58.68X +0.83 0.68 0.40 0.63 0.79 0.98
17 NYR Y=147.6X*>—269.78X +123.57 0.68 0.39 0.47 0.57 1.36
18 NGR Y=20.98X?—6.1X+0.85 0.66 0.40 0.67 0.58 1.33
19 GNDVI Y=0.27X?4+0.39X —1.81 0.56 0.46 0.95 0.63 1.23
20 Qg Y=2385.85X%—53.66X+2.15 0.47 0.51 0.58 0.87 0.89
21 NBR Y=-—150.74X%+254.39X —104.56 0.40 0.54 0.90 0.60 1.29
22 Sy Y=0.18X?—1.07X +1.84 0.40 0.54 0.59 0.78 0.99
22 o, Y=—1005.06X?+92.71X —0.63 0.28 0.59 0.20 0.95 0.81
8 cHHAZARHMHERBEHAITERRKR
Table 8 The calibration and validation of prediction models of LAI from six-leaf stage to pod stage
o . . ‘Eﬁ%m:?> ﬁM%“%?
Serial number Variable Model Calibration(n =16) Validation(n=28)
R’ RMSEC R.a? RMSEP RPD
1 NLI Y=6.86X%2—0.69X+0.18 0.65 0.62 0.44 0.67 1.36
2 MSAVI Y=6.07X"1% 0.63 0.63 0.39 0.70 1.30
3 RDVI Y=7.64X7%3 0.62 0.64 0.39 0.70 1.30
4 SAVI Y=19.8X 19 0.62 0.64 0.37 0.71 1.28
5 DVI Y=8.23X17 0.60 0.66 0.34 0.73 1.25
6 MSR Y=0.53e"0X 0.58 0.68 0.50 0.65 1.38
7 RVI Y=0.0036X2+0.15X +0.35 0.58 0.68 0.48 0.66 1.37
8 Sor Y=7.71X"% 0.57 0.68 0.31 0.74 1.22
9 D, Y=1171.48X13¢ 0.57 0.68 0.32 0.74 1.23
10 IPVI Y=0.0008e%7X 0.55 0.70 0.38 0.72 1.26
11 NDVI Y=0.065¢*37X 0.55 0.70 0.38 0.72 1.26
12 PVI Y=—5.77X2+9.47X —0.36 0.52 0.72 0.21 0.82 1.11
13 NGR Y=4.91X0° 0.43 0.78 0.15 0.86 1.06
14 Sy Y=0.84InX +4.85 0.42 0.79 0.11 0.87 1.05
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Prediction of rapeseed leaf area index based on hyperspectral data

MA Yi WANG Shanqgin LIU Shishi

LI Lantao

ZHANG Zheng

College of Resources and Environmental Sciences , Huazhong Agricultural University ,
Wuhan 430070,China
Abstract Plot experiments of the winter rapeseed (Brassica napus L.) with different nitrogenous
levels under direct seeding treatment were conducted in 2014—2015.The canopy spectral reflectance, soil
background,LAI of each plot were measured at different stages.Correlation analysis between the canopy
spectral reflectance and LLAI was used to calculate eleven vegetation indices and twelve spectral parame-
ters based on spectral position and area for optimizing five kinds of linear and nonlinear (logarithm, pa-
rabola,power and exponential) quantitative remote sensing inversion models to estimate LAI at the dif-
ferent and whole growth stages.The results showed that the quadratic polynomial inversion models per-
fectly estimated LLAI of winter rapeseed using hyperspectral techniques. The spectral red edge parameters
estimated accurately LAI at seedling stage. The predicted models based on D,,NBR, D, produced better
estimation for LAI at six-leaf stage,eight-leaf stage and ten-leaf stage,respectively.R* was 0.81,0.79 and
0.92(P<C0.01) , respectively. RMSEP (root mean square error of predicted models) was 0.39,0.60 and
0.47 ,respectively. RPD (residual predictive deviation) was 1.62,2.30 and 2.36,respectively. The predic-
ted models based on Sy, and RDVI produced better estimation for LAI at full-bloom stage and pod stage
with R* of 0.87 and 0.74(P <C0.01) ,RMSEP of 0.34 and 0.57 ,and RPD of 2.57 and 1.36.The unified vali-
dation of models(R?<0.75,RMSEP>>0.65,RPD<(1.4) showed that there was low prediction precision
with the unified spectral variables or vegetation indices monitoring LAI at the whole stages of growth.
The prediction accuracy of monitoring model based on the appropriate spectral variables and vegetation
indices to estimate LAI at different stages of the winter rapeseed growth was high.
Keywords

rapeseed; leaf area index; hyperspectral data; correlation analysis
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