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Abstract: By applying spectral theoretical modeling for band optimization, the precision of these indices in pre-
dicting leaf nitrogen content(LNC) was aimed to be enhanced. The results showed that significant improvements in
the correlation between spectral indices and LNC, with determination coefficients rising by 11%—83%. Furthermore,
both cross—validation and independent validation R* values saw enhancements of 9%—81% and 6%-75%, respec-
tively, addressing the issue of inconsistent accuracy with traditional indices. The study also identified that the opti-
mal spectral index bands adapt to growth stages and canopy structures, concentrating mainly in the green(530-
570 nm), red(600-680 nm), and red edge(700—730 nm) spectra. Specifically, the Opt—mSR705 index, originally
spanning 445, 705 and 750 nm, was refined to 651, 615 and 595 nm, demonstrating greater robustness and stability
across various growth stages in estimating maize LNC, with cross—validation and independent validation results
showing R* values of 0.81 and 0.74, RMSE of 0.31% and 0.36%, and RE of 12.15% in both scenarios. This high-
lights the enhanced capability of optimized spectral indices in accurately, robustly, and non—destructively gauging
crop nitrogen levels at different developmental phases.
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Table 1  Existing spectral indices

TR E A=V ESPUN
Spectral index Formula Reference

P BT R 5

Ratio vegetation index(RVI) Rsoo/Reno [19]
Normalized difference vegetation index(NDVI) (Rsoo—Reso)/(Rsoo+Reso) [20]
Different vegetation index (DVI) Rso—Reso [21]
Red edge chlorophyll index(Cl. i) (Raso—R710)/R710 [22]
Optimized soil adjusted vegetation index(OSAVI) (Rsoo=Re70) X (1+0.16)/(Rsoo+Re70+0.16) [23]
Optimal vegetation index*(Vlopt) (1+0.45)%(Rs00)*+1)/(Re0+0.45) [24]
Soil-Adjusted Vegetation Index(SAVI) 1.5%(Rswo=Re0)/ (Rsos+Re0+0.5) [25]
Renormalized difference vegetation index(RDVI) (Rsor—Re0)/(Rsoo+Reno)”” [26]
=W BOGIETRE

Modified Red-edge Normalized Difference index(mND705) (Raso—=Ro0s)/(R7so+Ros—2XRuss) [27]
MERIS Terrestrial chlorophyll index(MTCI) (Rso—R710)/(R710~Reso) [28]
Modified Red—edge Ratio index(mSR705) (Raso=Russ)/(Raos—Russ) [29]
Plant senescence reflectance index(PSRI) (Reso—Rso0)/Rso [30]
Triangular chlorophyll index(TCI) 1.2X(Rs—Rss0) = 1.5(Rer0—Rss0) X(Rooo/Reo)™ [31]
Modified triangular vegetation index 1(MTVII) 1.2X[1.2%(Rsos—Rss0)—2.5%(Re—Rss0) | [32]
Three—band ratio spectral index(TRSI) Rers/(RaooXReso) [33]
Modified red—edge ratiomRER) (Raso—1.8XRu10)/(R7s2=1.8XRu10) [34]
G BOLIE TR

Nitrogen planar domain index(NPDI) (Cleen etse=Clpeen etge win)/(Cllgeen eage vax=CLreon e min) [35]
Canopy Chlorophyll Inversion Index(CCII) TCARI/OSAVI [36]
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Fig.1 Distribution of LNC in layers at different fertility periods under different nitrogen application rates
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Fig.2 Spectral response of the same leaf layers with different nitrogen nutrition at different periods
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Table 2 Descriptive statistics of maize LNC at different fertility periods and strata

i H e/ ME(%) K AH (%) I (%) P22 55t F (%)

Ttem Min Max Average SD cv

AT 1.76 3.82 2.87 0.50 17.42
N UN=E ] 1.46 3.27 2.43 0.48 19.75

AL 1.13 2.15 1.58 0.18 11.39

€T 2 1.28 3.50 2.26 0.70 30.97

2 1.36 3.82 2.32 0.72 31.03

T 2 1.13 3.60 1.95 0.55 28.21

#* 3 1.13 3.82 2.18 0.68 31.19

22 REHEHMERAEEFEN b, BRI 0 B DA T LA S B R 25 T

UTSCARRF A R B BN A RE AR S e R3IR T 18D BF R SE R R B IR
i, FHRE AR E OGS S B AP, IR OGS B IRALE X E K LNC R 5e
Xt R R A 400 8 9 D63 45 K e BE 2 B A7 AE 24

R3 HENIEREESMULEIERS LNC LiEE X EaTmn

Table 3 Evaluation of existing and optimized spectral indices for linear correlation with the LNC

e AILEE [URES LR
TR Existing spectral index Optimize spectral index
Spectral index

R RE RPD R RE RPD
P BOLIE AL
RVI 0.54 18.26 1.48 0.78 11.46 2.12
NDVI 0.32 24.81 1.21 0.78 11.65 2.11
DVI 0.13 26.57 1.07 0.74 14.22 1.97
Clhe-cae 0.29 25.38 1.19 0.78 11.46 2.12
OSAVI 0.41 22.46 1.30 0.78 11.66 2.11
Vlopt 0.21 26.10 1.12 0.77 13.29 2.08
SAVI 0.40 22.54 1.29 0.78 11.67 2.11
RDVI 0.07 29.03 1.04 0.74 12.57 1.96
=IBOLIE R
mND705 0.01 29.65 1.00 0.84 9.80 2.49
MTCI 0.18 27.44 1.11 0.84 9.86 2.50
mSR705 0.01 29.66 1.00 0.84 9.86 2.50
PSRI 0.07 2791 1.04 0.79 11.60 2.19
TCI 0.24 27.61 1.15 0.80 11.45 2.24
MTVII 0.42 19.55 1.31 0.75 13.51 2.00
TRSI 0.71 14.40 1.87 0.82 10.18 2.36
mRER 0.08 27.82 1.04 0.79 11.19 221
Al P BT A
NPDI 0.29 25.38 1.19 0.79 11.60 2.19
ccl 0.45 22.38 1.34 0.80 11.67 2.25

XFFIAROCIETRHOR UL, I B L AR R LNC 1784k . 2 (A #HE B (DVD) LI 2 5K 45
RV AL 22 FHPAEHNDV) R THN BU(CLu o) 19 R AEAH X BRI I 2848 BO7E K
A SCHE  RIBATTRE S e — E R Bl LNCASIUh AYUMERG A R . = BOGIEHE #(TRSI)
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Fig.3  Contour map of the coefficient of determination(R?) for the linear fit between maize

leaf nitrogen content and Opt—=RVI and Opt—=NDVI indices
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