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Quantitative relationship between wheat canopy spectrum and
nitrogen in Guanzhong area
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Abstract: [Objective] Relationship between wheat leaf nitrogen content (LNC) and canopy spectral
reflection characteristics during different growth periods and the whole growth period was analyzed to real-
ize the monitoring of living nitrogen nutrition in field and provide basis for accurate diagnosis of wheat leaf
nitrogen status. [ Method]) In this paper, experiments were conducted in three wheat fields located in
Shaanxi Guanzhong region including Yangling Rougu,Fufeng Maxi village,and Juliang farm. Leaf nitrogen
content (LNC) and canopy spectral reflectance of wheat at different growth periods and the whole growth
period were measured and the changes in LNC and reflectance and correlation between them were analyzed.

Ratio vegetation index (RVI) and normalized difference vegetation index (NDVI) were also investigated to
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establish a monitoring model for LNC sensitive wave bands and spectrum. [Result) In same stage and dif-

ferent growing conditions, poor wheat leaves had lower LNC than well growing leaves. LNC had higher

correlations with vegetation indexes of combined bands than with vegetation indexes of single band. RVI
and NDVT of combined near infrared bands (730—1 075 nm) and red bands (630,660 and 690 nm) showed

significantly positive correlations with LNC,and RVI showed the best relationship. Based on independent

wheat field experimental data,root mean square difference (RMSE) , determination coefficient (R?),and ac-

curacy (slope) were used to test the established model and RVI of R970 and R690 was selected as the best
parameter for predicting LNC. The quantitative equation was LNC=0. 176 3XRVI (970,690)"""°® with R*
of 0.863,RMSE of 0.137 and slope of 0. 979. [Conclusion)] The established optimal model for forecasting

wheat leaf nitrogen content (LNC) using wheat canopy spectral reflectance had good accuracy and univer-

sality and was suitable for monitoring LNC at the whole growth period.

Key words: wheat; leaf nitrogen content;crown height spectral reflectance; RVI; quantitative analysis;
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Table 1 Wheat leafl nitrogen contents with different growing conditions at
different growth periods in Guanzhong, Shaanxi %

[y =
LiP/Hl/l\fznﬁEI Groev:lfnj f)eriod St Sz S8 St S5

R W Green period 1. 039 1.731 2.128 2.093 2.351
f7 AW Jointing stage 1. 050 1. 049 1. 227 1. 588 1. 780
Rougu i FE ) Heading stage 1.053 1. 164 1. 303 1.118 1.531

WES Y Filling stage 0. 442 0.663 0.765 0.843 1.219

R FH M Green period 1.032 1.071 2.111 2.156 2. 349
o i AW Jointing stage 1.219 1. 332 1.674 1.621 2.068
Maxi W Heading stage 0.949 0.929 1. 039 1.599 1. 489

W3 Filling stage 0. 309 0. 692 0.759 1.081 1.032
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Fig. 2 Wheat canopy spectral reflectance under different growing periods in Guanzhong, Shaanxi
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Fig. 3 Correlation between wheat canopy spectral reflectance and leaf nitrogen content in Guanzhong, Shaanxi
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Table 2 Regression equations of RVI,NDVI (X) and leaf nitrogen content (Y) under different band combinations

A 4% 35 B B A [ml )5 75 e REL
Vegetation index Combined waveband Regression equation R?

RVI(780,630) Y=0.178 1X° 72 0.658 4

RVI(970,630) Y=0.164 3X° 789 0.657 7

RVI RVI(780,660) Y=0.172 3X06347 0.653 3
RVI(970,660) Y=0,157 8X0-7413 0.655 1

RVI(780,690) Y=0.193 6X0-7096 0.637 4

RVI(970,690) Y=0.176 3X% 776 0.642 0

NDVI[780,630] Y=0.028 8¢ 380 1X 0.627 3

NDVI[970,630] Y=0.026 le' 56X 0.636 0

NDVI NDVI[780,660] Y=0. 184e" 776 2X 0.616 1
NDVI[970,660] Y=0.016 3e' 64X 0.626 9

NDVI[780.690] Y=0.041e" 003X 0.609 9

NDVI[970,690] Y=0.037 4e! 175 2X 0.619 0
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Table 3 Accuracy of established RVI,NDVTI and leaf nitrogen content model

RIS 5K W ¥ iR TE R B W Gl %)
Vegetation index Combined waveband RMSE R? Slope
RVI(780,630) 0.142 0.812 0.924
RVI(970,630) 0. 1 0.783 0.920
RVI RVI(780,660) 0.159 0.761 0.761
RVI(970,660) 0.151 0.795 0.942
RVI(780,690) 0.141 0. 876 0.970
RVI(970,690) 0.137 0.863 0.979
NDVI[780,630] 0.151 0.815 4 0. 826
NDVI[ 970,630 ] 0.154 0.797 2 0. 836
NDVI NDVI[78(),660] 0.154 0.830 4 0. 815
NDVI[970,660] 0.154 0.816 0 0. 829
NDVI[780,690] 0.157 0.853 6 0.831
NDVI[ 970,690 ] 0.151 0.856 5 0. 847
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