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Estimation of chlorophyll content in rice at different growth stages
based on hyperspectral in yellow river irrigation zone

YAN Lin, CHANG Qing-rui, LIU Meng-yun, WANG Shuo
(College of Natural Resources and Environment , Northwest A&F University , Yangling, Shaanxi 712100, China)

Abstract: Plant chlorophyll is the material basis of plant photosynthesis. In order to investigate the response of rice

canopy spectrum and chlorophyll content in different growth stages, the canopy spectral reflectance and chlorophyll con-

tent of canopy were measured using the rice plot in Ningxia Irrigation Zone of China. The relationship between canopy

spectral reflectance and chlorophyll content was analyzed. The correlation between canopy spectral reflectance and chloro-

phyll content decreased with the growth period, and the correlation between the canopy spectral reflectance and the

canopy reflectance of the canopy was significantly decreased in different growth stages. Based on the normalized vegeta-
tion index (NDSI) where steam elongation (NDSI(4s6.475), R>=0.6502), heading (NDSl(745.782), R>=0.5264), milk
grain (NDSl (g2 23) R*=0.5708), dough grain (NDSI(730.731) » R?*=0.4396) could be used to predict the chlorophyll

content of rice canopy .
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Fig.1 Spectral curves at different growth periods of rice canopy
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Fig.2  Correlation at different growth periods of rice canopy between

spectral reflectance and chlorophyll content
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Table 1  Regression models and validation of chlorophyll content at different growth period base on sensitive bands
) HAR BIERS
7 SE Kl > 1] . . .
Growth ‘l*lfﬁ.@’@ﬂ R 7 Formula of model Modeling accuracy Validation accuracy
. Function type
period R RMSE R RMSE RE
554 Exponential y =45.955 % exp( -~ 3.03 % x) 0.5902 2.444 0.6330 2.042 4.411
e 24k Linear y= —119.31 % x +45.651 0.5774 2.458 0.6313 2.058 4.444
(Rer2) XL Logarithmic y= —5.542 % In(x) +22.306 0.5789 2.453 0.6172 2.090 4.507
Stem elongation g 53¢ Polynomial y =866.63 % 12 — 214,94  x + 47662 0.5921 2.415 0.6348 2.036 4.355
FERREL Power y=025.434 % x 014 0.5885 2.472 0.6108 2.107 4.472
55U Exponential y=31.836 % exp(0.7141 * x) 0.5162 2.839 0.5330 2.612 4.810
SR 24k Linear y=29.743 % x +30. 669 0.5030 2.848 0.5246 2.596 4.881
(Ros1) XU Logarithmic y =8.7946 * In(x) +50.648 0.4640 2.957 0.4800 2.686 5.164
Heading Z I, Polynomial y =43.51 % 2 +0.8146 * x +35.074 0.5129 2.819 0.5537 2.577 4.713
T BREL Power y=51.485 % 10212 0.4800 2.933 0.4905 2.686 5.069
5% Exponential y=32.511 % exp(0.4457 * x) 0.3626 1.717 0.4373 1.910 4.006
AL 4L Linear y=16.949 % x +32.128 0.3611 1.716 0.4372 1.928 4.047
(Ron) X% Logarithmic y=5.7832 % In(x) +44.281 0.3525 1.727 0.4320 1.968 4.155
Milk gran £ 35, Polynomial y= —7.0169 % 22 +22.041 * x +31.245  0.3617 1.715 0.4365 1.936 4.067
FERREL Power y = 44,753 % 50132 0.3541 1.724 0.4332 1.948 4.110
554 Exponential y=8.836 % exp(1.8351 * x) 0.1618 4.010 0.0232 4.012 19.541
i £k Linear ¥=29.98 % x +6.838 0.1452 3.980 0.0235 4.015 19.768
(Rgi1) YT Logarithmic y=10.503 % In(x) +28.488 0.1493 3.971 0.0232 4.006 19.762
Dough grain g 55158, polynomial Y= —53.163% 2 467.598 % x+0.3433  0.1469  3.976  0.0237  3.98  19.737
TEREL Power y =33.544 % 506514 0.1708 4.002 0.0235 3.996 19.433
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Fig.3  Equipotential figure of correlation between NDSI and chlorophyll content at different growth periods
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Table 2 Estimation models and validation of chlorophyll content based on NDSI at different growth periods of rice.
. ARG R R 30K
HRA PREERY ) Modeling accurac Validation accurac;
Growth . ) [F 752 Regression equation 8 Y " uracy
. Function type
period R RMSE R RMSE RE
F8%L Exponential y=45.177 % exp( = 9.121 * x) 0.7532 1.898 0.6463 1.445 4.288
A5 2t Linear y= —362.56 * x +45.022 0.7509 1.887 0.6492 1.437 4.289
NDSI(455,475) X‘T’;’i Logarithmic — - - - - -
Stem elongation 1§ 1, Polynomial y= - 1218 x> —328.91 » x + 44.891 0.7515 1.885 0.6502 1.436 4.295
%%I%l;& Power — i - - - -
F8%U Exponential y =33.417 % exp(2.379 * x) 0.6288 2.526 0.5264 1.795 4.563
s 2t Linear ¥y =99.275% x +32.672 0.6150 2.506 0.5264 1.794 4.570
NDSI(748,782) XL Logarithmic y=7.664 % In(x) +60.6 0.6011 2.551 0.5110 1.825 4.607
Heading £33, Polynomial y= —287.28 % 2%+ 149.27 % x +30.806  0.6202  2.490 0.5190 1.808 4.574
REL Power y =65.384 % 0184 0.6195 2.535 0.5162 1.812 4.563
F8%0 Exponential y =38.591 % exp( = 76.35 % x) 0.4465 1.615 0.5708 1.196 3.712
T2 2t Linear y= —2879.4 % x + 38.646 0.4375 1.610 0.5714 1.208 3.740
NDSI (g5 ,823) XHEL Logarithmic E— — — — — —
Milk gran £33 Polynomial y= - 1E+06* x* - 2648 * x + 38.885 0.4518 1.589 0.5647 1.221 3.763
FEREL Power —_— — — _ _ _
540 Exponential ¥y =9.516 % exp(137.88 * x) 0.4398 3.327 0.2621 2.486 17.419
ksl ) 2t Linear y =2383.8 % x +7.4954 0.4420 3.216 0.3126 2.332 16.650
NDSIs 7y XTEX Logarithmic y=10.681 * In(x) +76.376 0.4722  3.128 0.3737  2.231 15.800
Dough grain - Z I3, Polynomial y= 570344 % 2% +7660.4 % x —3.7923  0.4877 3.081 0.4396 2.140 15.037
RREL Power y =534.34 % 40628 0.4821 3.190 0.3383 2.344 16.585
48 R=0.6502 50 R=0.5264
RMSE=1.4356 @ RMSE=1.7953 (®)
46 RE=4.30% - 48| RE=4.56% .
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Fig.4 Validation results of the best models at different growth periods
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