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Quantitative Relationship between Hyper-Spectral Red Edge Position and
Canopy Leaf Nitrogen Concentration in Rice

TIAN Yong-Chao, YANG Jie, YAO Xia, ZHU Yan, and CAO Wei—Xing*

Jiangsu Key Laboratory for Information Agriculture / Nanjing Agricultural University, Nanjing 210095, China

Abstract: Real-time and non-destructive monitoring of crop nitrogen status is needed for precision management and dynamic
regulation in rice fertilization. This research made a systematic analysis on the characteristics of the first-derivative reflectance
spectra in red edge area, and the quantitative relationships between red edge position (REP) with different algorithms and canopy
leaf nitrogen concentrations in the conditions of different nitrogen rates and rice varieties in different seasons of field-grown rice.
The results showed that spectrum in red edge area was significantly affected by nitrogen levels and varietal types, and
“three-peak” feature could be observed with the first derivative spectrum in this area. Traditional REP (the maximum value of the
fist derivative spectra in 670-780 nm range) was not sensitive to canopy leaf nitrogen concentration because of the three-peak
feature, but the REPs based on inverted Gaussian fitting, linear four-point interpolation, linear extrapolation and adjusted linear
extrapolation generated continuous REP data, and could be used to estimate canopy leaf nitrogen concentration. Besides, REP
from a three-point Lagrangian interpolation with three first-derivatives bands (695, 700, and 705 nm) also had a good relationship
with canopy leaf nitrogen concentration. Comparison of these REPs based on different approaches indicated that the adjusted lin-
ear extrapolation method (755FD+30+675FD+qg) / (FD730+FD700) gave the best prediction of canopy leaf nitrogen concentration,
with relative simple algorithm, and thus is a good REP parameter for monitoring canopy leaf nitrogen concentration in rice.
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; Miller 7] | 2004
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, , 2.44%
[12.18-19] , 0.17% 14.03 mg kg™ 118.78 mg kg*
700 nm , 4 ( N) , NO,0kg Nhm™;N2, 105
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: ,5 16 ,6 19
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(1G) 135 kg hm™P,0s, 210 kg hm?K,0,
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; Cho I 2005
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Table 1 Seasons, cultivars, nitrogen rates, and sampling dates in five field experiments
. . Nitrogen rate Plot area Sampling date
Experiment & year Cultivar (kg N hm?) m) (month/day) Data use
Exp.l, 2004 9 WwxJ9 0,105,210,315 18 9/2, 9/12, 9/23, 9/30, 10/12
2 HI2 8127, 912, 9/11, 9/23, 9/30 Model validation
Nipponbare 8/27,9/2, 9/11, 9/23
Exp.ll, 2005 14 WXJ 14 0, 90, 270, 420 315 7/15, 8/9, 8/16, 9/5, 9/13,
27123 9/29,10/10, 10/23 Model development
Exp.111, 2006 14 WXJ 14 0, 90, 270, 405 25 7/28, 8/9, 8/18, 9/7, 9/17,
27123 9/25, 10/5 Model development
Exp.1V, 2006 9967 YJ 9967 0, 105, 210, 315 ,420 8100 7129, 9/10
Model validation
Exp.V, 2007 8 YFJ8 0, 210, 420 8100 9/8, 10/9

Model validation
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5.0 mx5.0 m, , 3 ,
0.15mx0.25m,5 18 ,6 20
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) 9967, 5
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kg N hm, 5 5,
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VvV 2007 (
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P,05150 kg hm™, K,0 200 kg hm™
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5 12 , 6 15 :
1.2

Analytical Spectral Device (ASD)
FieldSpec Pro FR2500

ASD
350~2 500 nm, 350~1 000 nm
1.4 nm, 3 nm; 1 000~2 500 nm
2 nm, 10 nm

10:00~14:00 ( 45°) ,
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1.3
b 3
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2 6
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, 700 720 730nm 3
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Fig. 1 Schematic representation of a red edge position model: )
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Table 2 Algorithm and references of different spectral indices
REP technique Algorithm Reference
(670~780 nm DAG)=[RA(+1)-R,()]/AL Horler et al.[*, 1983
) REP= Amax(D (7))
ﬂfmax(DZ(z))
2 Miller et al.*™, 1990
. (%0-4)
Inverted Gaussian REP

R(A)=R~(R~Ro)exp| 252

REP(IG)=Ag+5
Rred edge:(R670+R780)/2

Linear four-point interpolation REP REP=700+40 R ededge ~Rioo
740 — R700
REP= A4+ Aug) + By + 44) + C(Ag + 4)
Lagrangian REP 2(4+B+C)
A= Dy
(A = A) Ay + Aig)
B= D;.(.‘)
(& = 2) (A + )
D

= Ai+1)

(A = A)(Aa +4)
Far-red line: FDR=mjA+c;

Linear extrapolation REP NIR line: FDR= mal+c,
REP= —(c1—c2)l(m1—m;)
(755% D130+675% D100)/(D730% D700)

Adjusted Linear extrapolation

Guyot et al.*®!, 1988

Dawson et al.?!, 1998

Cho et al.*!, 2006

This paper

Ao yREP R D
;O S o

A B

C

A, i, REP, R, D, O, S, and ¢ are wavelength, number of wavelength, red edge position, reflectance and the first derivative reflectance,
wavelength with the minimum reflectance in red edge area, wavelength of red shoulder and inverted Gaussian model half width, respectively.

A, B, and C are middle variables.
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Fig. 2 Characteristics of spectral reflectance in red edge area under different nitrogen levels (A) and different rice
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Fig. 3 Characteristics of first-derivative spectra in red edge area under different nitrogen levels (A) and different rice

varieties at heading (B)
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Fig. 4 Change patterns of canopy leaf nitrogen concentration to different REP based on different techniques (n=291)
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Fig. 5 Relationships between canopy leaf nitrogen concentration and REP based on adjusted linear extrapolation method (A) and
linear four-point interpolation technique (B) (n=291)
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Fig. 6 Relationships between canopy leaf nitrogen concentration and REP based on inverted Gaussian fitting technique (A) and
three-point Lagrangian interpolation (B) (n=291)

#£3 ARAEZMHNBRA—HAERSKBRIRERNXFR(N=291)
Table 3 Relationships between canopy leaf nitrogen concentration and normalized REP based on different approaches in rice

(n=291)
REP technique Model type Fitting model R? SE
670~780 nm Linear y = 0.6232x+2.1622 0.64 0.45
Amax[DA(D)] Curve y = 2.0122¢03382¢ 0.69
Linear y =0.6688x + 1.9049 0.79 0.34
Linear four-point interpolation REP Curve y = 1.7592¢03514 0.80
Linear y=0.6689x + 1.9192 0.78 0.35
Inverted Gaussian REP Curve y = 1.7698¢03548 0.80
Linear y=-0.6679x + 3.9101 0.78 0.35
Lagrangian REP Curve —
Linear y=0.7047x + 2.0108 0.80 0.34
Linear extrapolation REP Curve y = 1.8614¢%%™ 0.79
Linear y=0.701x + 2.004 0.79 0.33
Adjusted linear extrapolation REP Curve y = 1.8534¢0367% 0.80

*4 BETAREZMAMENKEEEMHFERELENERMERLER (n=251)

Table 4 Validation results of canopy leaf nitrogen concentration monitoring models based on different approaches in rice (n=251)

REP technique Model type R? RMSE (%) RE(%)
Linear 0.72 10.53 4
Linear four-point interpolation REP Curve 0.67 27.02 16
Linear 0.71 10.76 5
Inverted Gaussian REP Curve 0.69 26.14 16
Linear 0.70 13.16 4
Lagrangian REP Curve 0.51 85.74 29
Linear 0.71 10.51 4
Linear extrapolation REP Curve 0.66 24.52 15
Linear 0.73 10.16 4
Adjusted linear extrapolation REP Curve 0.70 24.47 15
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