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Nitrogen Monitoring of Winter Wheat Based on Unmanned
Aerial Vehicle Remote Sensing Image

LIU Changhua' WANG Zhe' CHEN Zhichao' ZHOU Lan® YUE Xuezhi' MIAO Yuxin®
(1. College of Surveying and Land Information Engineering, Henan Polytechnic University, Jiaozuo 454000, China
2. College of Resource and Environment, China Agricultural University, Beijing 100194, China)

Abstract.; Accurate nitrogen (N) management is a promising strategy to improve crop N use efficiency.
It is important to accurately estimate the state of wheat nitrogen by unmanned aerial vehicle ( UAV)
remote sensing. The experiment was arranged in science and technology yard base in Laoling City,
Shandong Province. The eight-rotor UAV was used to carry a Mini — MCA multispectral camera and
collect the wheat canopy spectral data about four key stages ( returning green stage, elongation stage,
booting stage and flowering stage) of growth and development in 2016. Meanwhile, winter wheat samples
of biomass, nitrogen uptake and nitrogen nutrient index were collected and measured synchronously.
Grain yield was measured in mature stage. In critical stages and whole stage of different vegetation,
indexes and agronomy parameters regression analysis models were established to assess winter wheat
nitrogen nutrition diagnostic potential based on UAV remote sensing image. The results showed that it had
better estimation of winter wheat nitrogen index (R® was 0.45 ~0.96) based on UAV remote sensing
image and the decision coefficient was gradually increased with the elapse of growth period. And those in
elongation stage, booting stage and flowering stage were similar and had better ability for yield estimation.
DATT power function model was the most powerful to explain the wheat nitrogen nutrition index (R* was
0.95) in flowering stage. Therefore, the platform for multiple UAV rotorcraft synchronization carrying
multi-spectral camera had better nitrogen diagnosis potential for winter wheat and it can be used to guide
the precise nitrogen fertilizer management.

Key words: unmanned aerial vehicle; winter wheat; vegetation indexes; nitrogen uptake; nitrogen

nutrient index; yield
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Fig.1 Diagram of nitrogen treatment method
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Fig.2  UAV multispectral images of winter wheat in four stages
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Tab.1 Variation of agronomy variables of winter wheat across different growth stages
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Tab.2 Relationships between the best vegetation indexes and agronomy parameters
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MRESAVI P 0.45 MCARI2 P 0. 60 MNDI Q 0.63 REGRVII Q 0. 86
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Fig.3 Relationships between observed and estimated values of winter wheat aboveground biomass,

plant N uptake and NNI across flowering stage
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Tab.3 Inversion models and precision validation of yield in elongation stage, booting stage and flowering stage

LR Ji] I 5 HH R BT RS RMSE/(t-hm ) RE
MCARI2 y = —278.75x% +164. 16x - 15. 58 0.93 0.95 0.47 0. 06
MCARI1/GOSAVI y= -86.57x% =0.27x +8.73 0.93 0.95 0. 40 0.05
WA MCARI1/REOSAVI y= -38. 415> -0.26x +8. 68 0.93 0.96 0.41 0. 06
RERVI y= —2.90x% +24.01x —41.09 0.93 0.96 0.43 0.06
Clre y= -2.90x% +18.21x - 19. 97 0.93 0.96 0.43 0. 06
NDVI y =13. 64x*% 0.96 0.96 0. 65 0. 09
TNDVI y= -312.91x% +226. 80x - 32. 49 0.96 0.95 0. 46 0. 06
2 A NRI y = =308. 74x* +271. 10x - 50. 85 0.96 0.95 0.49 0.07
GNDVI y = —150. 6227 +150. 32x -28.95 0.96 0.95 0.43 0.06
0SAVI y= -28.26x +16.24x +6.24 0.96 0.95 0.47 0. 06
MCARI2 y= —139.01x% +110. 17x - 13.29 0.94 0.96 0.43 0.06
REOSAVI y =36. 445> % 0.94 0.96 0. 63 0. 08
16 0SAVI y= —13.412% +17.08x +4.25 0.94 0.95 0. 46 0. 06
GOSAVI y =30. 445+ 0.94 0.95 0. 67 0. 09
MCARI2/GOSAVI y = —140.99x% +143. 40x -27. 93 0.94 0.96 0.43 0.06
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