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Fig. 2 Technical flow chart for the winter wheat total nitrogen
content (TNC) prediction based on XGBoost
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Table 1 The meaning and optimal values of some
hyper-parameters of the XGBoost model
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Fig. 3 Canopy spectra of winter wheat at different fields
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Winter Wheat Total Nitrogen Content Estimation Based on UAV
Hyperspectral Remote Sensing

YANG Xin"?, YUAN Zi-ran"?, YE Yin" ?**, WANG Dao-zhong" *, HUA Ke-ke'"*, GUO Zhi-bin" *
1. Institute of Soil and Fertilizer, Anhui Academy of Agricultural Sciences, Hefei 230031, China
2. Anhui Key Laboratory of Nutrient Cycling, Resources and Environment, Hefei 230031, China

Abstract Nitrogen is one of the necessary nutrient elements for crops’ growth and development, and crops’ total nitrogen
content is the main index to characterize its nitrogen status. Monitoring the spatial distribution of winter wheat total nitrogen
content at the field scale can assist in accurate and quantitative topdressing and reduce environmental pollution. UAV
(Unmanned aerial vehicle) hyperspectral data can provide an important data source for crop growth information inversion due to
its high resolution, high timeliness and low cost. XGBoost (Extreme Gradient Boosting) ., a new ensemble learning algorithm
with high efficiency and strong generalization ability, can be effectively applied to build a winter wheat total nitrogen content
estimation model based on remote sensing data and predict the spatial distribution of winter wheat total nitrogen content at field
scale. Therefore, this study selected the winter wheat at the jointing stage in the national soil quality observation and
experimental station as the study object and carried out the following work: (1) we obtained the canopy imaging spectral image
of winter wheat at the jointing stage with a hyperspectral imager mounted on a low-altitude UAV, and total nitrogen content data
of 126 samples combined with ground sampling data. (2) The spectral characteristics of the winter wheat canopy at the jointing
stage were analyzed, and the correlation between spectral reflectance of 176 bands and total nitrogen content was analyzed
according to the Person correlation coefficient. (3) A winter wheat total nitrogen content estimation model based on UAV
hyperspectral at the jointing stage was built with the XGBoost algorithm under different soil fertility conditions. The results
showed that: (1) there was a strong correlation between spectral reflectance and total nitrogen content of winter wheat in 176
bands, and the correlation coefficients between spectral reflectance and total nitrogen content in all bands except 735. 5 nm were
greater than 0. 5; (2) The UAV hyperspectral remote sensing estimation model of winter wheat total nitrogen content at jointing
stage based on XGBoost algorithm shows high accuracy (R* =0.76, RMSE=2. 68); (3) The estimation model of winter wheat

total nitrogen content based on XGBoost algorithm can obtain the spatial distribution map of total nitrogen content at field scale
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under different soil fertility conditions, which shows a significant spatial difference on the whole. This study can provide a
scientific basis for the accurate and quantitative topdressing of winter wheat and also provide a reference for the application of
UAYV hyperspectral remote sensing in precision agriculture.

Keywords Winter wheat total nitrogen content (TNC); UAV hyperspectral data; XGBoost; Remote sensing estimation
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