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Monitoring Canopy Chlorophyll Density in Seedlings of Winter Wheat
Using Imaging Spectrometer
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Abstract: Imaging spectrometer is a new kind of remote sensing sensor, which receives images of ground objects and their spec-
trum components. It has great potentials in accurately quantitative analysis with remote sensing of high spatial and spectral resolu-
tions. MSI200 is an imaging spectrometer manufactured by the authors. It was used in this study to monitor canopy chlorophyll
density in winter wheat (7riticum aestivum L.) at seedling stage in comparison with ASD Fieldspc FR2500, a well-known
non-imaging spectrometer. Correlation analysis showed that R720, FD660, FD550, TCARI, GNDVI, PPR (550, 450), and NRI
obtained by the 2 spectrometers were both significantly correlated (P<0.01) with canopy chlorophyll density. This primarily indi-
cated the reliability of MSI200. The precisions of predicted model on chlorophyll density were 91.26-95.54% and 86.61-92.79%
for MS1200 and ASD Fieldspc FR2500, respectively. Among these parameters, PPR was the best one to monitor canopy chloro-
phyll density with root mean square error (RMSE) of 0.0979 and 0.8391 for MSI200 and ASD Fieldspc FR2500, respectively.
Compared with the traditional non-imaging spectrometers, MSI200 predicted better the canopy chlorophyll density in wheat with
smaller errors, and the selected wavelengths were important to spaceflight and airborne remote sense.
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Table 1 Spectral parameters selected in the study
Spectral parameter Formula Reference
R Ri
NDVI NDVI=(R720—Rs60)/(R720+Ree0) Rouse et al. (1974)
PRI PRI=(R570—Rs31)/(Rs70+Rs31) Gamom(1992)")
PPR PPR=(R550—Rus0)/(Rss50+Ras0) Metternicht(2003)
GNDVI GNDVI=(R720—Rss0)/(R720+R550) Gitelson et al. (1996)""!
NRI NRI=(Rs70-Re70)/(Rs70+Rg70) Schleicher et al.(2001)!"
TCARI TCARI =3x[(R700~Re70) =0.2%(R700~R550) (R700/Re70 )] Daughtry(2000)!"
R’(Ai) R’ (AD=[(Rpi 11-Rai)V/[( Aisi=Ain)] Penuelas et al.(1995)"*!
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Table 2 Correlation coefficients between wheat canopy chlo-
1 5 2 rophyll density and spectral parameters
0.9990, Correlation coefficient
Spectral parameter ASD Fieldspe
MSI200 pectral p MSI 200 FR2500
2.3 MSI 200 R450 -0.4685 -0.4336
) 720 R550 -0.5001 -0.5047
nm 550 nm 660 nm R660 -0.4891 -0.4334
R720 -0.8819" -0.8207"
PPR(550, 450)
R'450 -0.3259 -0.3041
GNDVI NRI(670, 570) . .
R'550 -0.5735 -0.5293
TCARI CCD ( 2, R'660 0.8319™ 0.8069"
R'720 —0.4548 -0.2769
CCD PPR(550, 450) 0.8916" 0.8746"
CCD ) ( 3, TCARI -0.5533" -0.5113"
4) NDVI(720, 660) 0.3688 0.3442
PRI(570, 530 -0.2266 -0.2070
MSI 200 ( ) ) )
1 GNDVI 0.8104 0.7894
2 9 ASD Fi . .
0.2, 2%, 5 cldspe NRI(570, 670) -0.5923 -0.5341
FR2500 0.8~1.3 ,

£33 ETFT MR ANEEEMZETELRIFERE &AL

" significant at P<0.05, ™" significant at P<0.01.

Table 3 Regression models and their tests for wheat canopy chlorophyll density data collected by MSI200

Spectral parameter Regression model K Relative error (%) Root mean square error
PPR »=0.4286x — 0.0818 0.7949" 4.46 0.0979
TCARI y=0.2718¢ 29" 0.6632" 8.53 0.1127
GNDVI y=0.0126¢ 72> 0.7196" 7.92 0.1266
NRI ¥ =0.0395¢72376% 0.6902" 8.10 0.1318
R720 y=-0.5498x + 0.164 0.6941" 8.62 0.1409
R 550 y=-129.89x + 0.0941 0.5984" 8.74 0.1570
R 660 »=1649.8x + 0.1273 0.6920™ 8.32 0.1199

": significant at P<0.05, *": significant at P<0.01. Samples for model-establishment and test were 25 and 20, respectively.

F4 ET ASD FR2500 B9/ ERB R ZRHE R VIER K IGK
Table 4 Regression models and their tests for wheat canopy chlorophyll density data collected by ASD Fieldspc FR2500
RZ

Spectral parameter Regression model RE (%) RMSE
PPR y=0.3414x— 0.0471 0.6737" 7.21 0.8391
TCARI y=2.1260x—0.1087 0.6114" 11.40 0.9795
GNDVI y=0.0170¢ *2'%% 0.6243" 10.25 0.9982
NRI y=0.0343¢72277> 0.5539™ 11.17 1.2533
R720 y=0.3186x + 0.0284 0.5447" 12.48 1.0175
R'550 »=-156.02x + 0.0976 0.4656" 13.61 1.0002
R'660 ¥ =-994.74x — 0.0854 0.6232" 13.39 0.9069

" significant at P<0.05, ™

: significant at P<0.01. Samples for model-establishment and test were 25 and 20, respectively.
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