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Estimating chlorophyll density of soybean under monoculture and relay
intercropping by hyperspectral remote sensing
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Abstract: [Objective] Hyperspectral data were used to build a chlorophyll density model, which can
may provide basis for soybean growth monitoring under monoculture and intercropping systems. [Method])
In this research,chlorophyll density and canopy spectral characteristics of soybean at different growth sta-
ges were analyzed under monoculture and intercropping system using Nandou 12 as species. The correlation
between original spectrum, derivative spectrum, vegetation index, combination of more bands and chloro-
phyll density was also analyzed. The model for estimating chlorophyll density was built by comparing the
relationship between hyperspectral feature parameters and chlorophyll density. [Result] The chlorophyll

density in the whole growth period displayed an trend that increased first and then decreased under mono-
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culture and intercropping system. The maximum value of chlorophyll density appeared in the pod stage,and
the monoculture system was 5. 5% higher than relay intercropping system. Similar results were found in
the canopy spectral reflectance of soybean in the near infrared region (700—1 000 nm) with the highest re-
flectance spectral value of up to 70% in the pod stage. In addition, the position of red edge appeared a red
shift with the increasing growth stage before the pod stage. The ratio vegetation index (507/697) had the
highest correlation with chlorophyll density (+>>0. 962, P<C0. 01) compared with others. Compared to oth-
er models, the quadratic function model could estimate the canopy chlorophyll density better with the deter-
mination coefficient of >>0. 75 and RMSE of 0. 25. [Conclusion) The quadratic function model built with
vegetation index RV (507/697) could be used to estimate soybean chlorophyll density under monoculture
and intercropping system.
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Table 1  Algorithms of different hyperspectral vegetation indexes
LRI TR HHRAR 22 3k
Vegetation index Algorithm Reference

T B (B 48 %X Simple ratio index, SRI R800/R680 [18]
& 1F ] B H 38 %8 Modified simple ratio index, mSRI (R750—R445) /(R705—R445) [18]
& 1E 13— 1k 22 R 45 %% Modified normalized difference index. mNDI (R750—R705)/(R750+R705—2R445) [18]
L B A #% 46 %X Ratio vegetation index, RVI R810/R680 [16]
I — 14k 4 75 % Normalized difference vegetation index, NDVI (R810—R680)/(R810-+R680) [16]
T A — kA 9% 45 50 Renormalized difference vegetat ion index, RDVI  (NDVIXDVI)?? [16]
2% {E M 9% 45 5L Difference vegetation index, DVI R810—R680 [16]
28 b AN BB G, Z 5 B Structure insensitive pigment index, SIPI (R800—R445)/(R800—R680) [19]
S Ak 24 4 #% 45 %X Photochemical reflectance index, PRI (R570—R531)/(R570+R531) [20]
HH ¥ = % R 35 %0 Plant senescence reflectance index, PSRI (R680—R500)/R750 [21]
:ﬁ{@iiﬁlﬁ I Fi ¥k 5 % Modified second soil adjusted vegeta- 1/2{(2R7800 + 1) — [(2R800 + 1) — 8 (R800 — r22]
tion index, MSAVI2 R670) %5}

& B HH 9% 45 %X Perpendicular vegetation index,PVI (R810—10. 489) X (R680—6. 604)/10. 536 [16]
gféfiifﬁ?lgﬁ% i) el Ratio of NIR (Near infrared ) band to R810/R510 (167
1%E;Iff;§j&$‘ﬁ/{§}ﬁﬁ Modified chlorophyll absorption in re- (R700—R670) —0. 2(R700—R550) X (R700/R670) [23]
23 B A 9 45 3 Green normalized difference vegetation index, GNDVI ~ (R800—R550)/(R800-+R550) [23]
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Table 2 Correlation analysis between vegetation index and soybean chlorophyll density

LRSS AHC R B T B F5 KX AH G R B
Vegetation index Correlation coefficients Vegetation index Correlation coefficients
SRI 0.703" " PRI —0.601" "
mSRI 0.903* * PSRI —0.538%
mNDI 0.834** MSAVI2 0.553*

RVI 0.699* * PVI 0.722*
NDVI 0.576" * NIR/G 0.724~
RDVI 0.806" * MCARI 0. 180

DVI 0.833** GNDVI 0.821~
SIPI —0.522""

e ox FoRILF] P<C0.05 KFs % x FonikH] P<<0.01 KF-,
Note: * P<C0.05 level; * * P<C0.01 level.
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Fig. 5 Correlation coefficients (r values) for the relationships between chlorophyll density and the

two-band combinations of RVI,DVI and NDVI from 400 to 1000 nm
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Table 3 Linear and non-linear regression analysis between

chlorophyll density and hyperspectral variables

T (3 .
Variable Model
Y=0.323 50—0.738 2 . 815
Y=1.272 3ln x—1.124 8 . 754
mSRI Y=0.036 7e% 58 7x . 853
Y=0.015 722166 . 861
Y=0.026 82>+ 0.083 7x—0.256 4 . 825
Y=9.236 2x—3.510 4 . 925
Y=4.255 5ln x+4.070 8 . 918
RVI(507/697) Y=0.

Y=158.202x7-%78 . 857
Y=8.819 62 +1.006 4x—1.615 8 . 927

Y=1.469 8x—0.146 9 . 841
Y=0.718 1lln x+1.221 6 LT774
R740 Y=0.114 2¢* %3 1= . 809
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