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Using Canopy Hyperspectral Reflectance to Predict Growth Traits and Seed Yield
of Soybeans from Middle and Lower Yangtze Valleys through Partial Least
Squares Regression

QI Bo, ZHANG Ning, ZHAO Tuan-jie, XING Guang-nan, ZHAO Jin-ming, and GAI Jun-yi

(Soybean Research Institute of Nanjing Agricultural University/National Center for Soybean Improvement /Key Laboratory for Biology and Genetic Improve-
ment of Soybean (General), Ministry of Agriculture/ National Key Laboratory for Crop Genetics and Germplasm Enhancement, Nanjing 210095, China)

Abstract: Hyperspectral remote sensing technique as a fast and non-destructive method can estimate growth traits and yield in
crop, which provides an effective tool for field evaluation and selection in large-scale breeding programs. In the present study, a
field experiment comparing 52 soybean varieties with similar flowering and maturity dates were tested a randomized blocks design
with three replications in two years. The measurement of leaf area index (LAT) and aboveground biomass (ABM) was synchro-
nized with the information collection of the canopy hyperspectral reflectance at R2, R4, and R5 growth stages. The seed yield
was acquired after harvest. The partial least squares regression (PLSR) between canopy spectral reflectance at different growth
stages and growth traits and seed yield showed that the PLSR models of ABM and LAI at different growth stages could explain
65.5% ~67.0% and 54.4% ~61.0% of the total variance of ABM and LAI, respectively, and R5 stage performed as the best
of the three growth stages for predicting yield using canopy spectral reflectance with an explanation up to 66. 1% of the total seed
yield variance. The results can serve a quick and non-destructive technique for monitoring field growing status and predicting
yield in large-scale soybean breeding programs.

Keywords: Soybean; Hyperspectral reflectance; Leaf area index (LAI); Aboveground biomass( ABM); Yield; Partial least
squares regression ( PLSR)
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Table 1 Statistical parameters of the PLSR model between LAI and canopy spectral reflectance in soybean
U BRI £ OB LAY RS 5 BRI
A Number of principal Calibration Validation
Growth stage .
components in model R? RRMSEP/ % R2* RRMSE/ %
R2 5 0.610 16. 70 0.563 20. 49
R4 5 0. 544 21.59 0. 505 25.45
R5 5 0.551 21. 14 0.519 25.25
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Fig. 2 Scatter plots between predicted and measuredABM at different growth stages in soybean

R2 KE ABM 5EENIERS K PLSR HEK G SH

Table 2 Statistical parameters of the PLSR model betweenABM and canopy spectral reflectance in soybean

RN Number of principal Calibration Validation
Growth stage .
components in model R? RRMSEP/ % R2* RRMSE/ %
R2 5 0. 663 14. 09 0. 633 17. 62
R4 5 0. 655 15. 16 0.617 18.97
RS 6 0. 670 13.62 0. 635 16. 14
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Table 3 Statistical parameters of the PLSR model between yield and canopy spectral reflectance in soybean
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