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Table 1  Summary of different hyperspectral inversion parameters
for nitrogen
NDVlys (R750—R705)/(R750+R705) [5,7] N
RSI(FDsg1, FD711) FDeo1/FD71 [2]
PRI (Rs31—Rs70)/(Rs31+Rs70) [4-5]
FD-NDNI (FD730—FDs35)/(F D730+ FDs3s) [1]
mND705 (R750—R705)/(R750+R705—2% Raas) [7]
OSAVI (1+0.16)(Rs00—Rs70)/(Rso0t Re7010.16) [8] TN LAI
GREEN-NDVI (R750—Rs50)/(R750+Rss0) [9]
DVI Rg10—Reso [10]
Rlign R735/R120 [11] 201
mSR705 (R750—Ra45)/(R705—Rass) [10]
NVI (R777-R747)/Re73 [11]
NDCI (R762—Rs27)/(R762+ Rs27) [12]
MCARI, 12[2.5(Rs00—Re670)—1.3(Rs00—R500)] [13]
TVIgL 0.5[120(R750—Rs500)~200(Rs70—Rs50)] [14] 05 _0.10
Viopt (14+0.45)((Rs00)” 2+1)/(Re7010.45) [15] —— Egg(l)
DCNI (R720~R700)/ (R700—R670)/(R720—R67010.03) [16] 04l —"—Eig(l)
Sredgrs 795 625~ 795 [17]
Sredgso 730 680 ~ 780 [18] _ 03F 10.05
R, A FD, A iR =
X021 1
4 (D 011 {0.00
1
0.0 1 1 1 1
(NO) 200 400 800 1000 1200 1400
WK (nm)
(LAI) ( 2 1 RPHPARRMEKTETKIER R AIE
Fig. 1 Rice canopy spectra under different nitrogen and phosphorus
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fertilizing levels at jointing stage

MHEREQINEMENEREAEZSH

Table 2 The means of TN, LAI and biomass of rice under different nitrogen and phosphorus fertilizing levels and variance at jointing stage

PO P1
TN(g/kg) LAI (8 TN(g/kg) LAI (g
NO 13.28 d 1.09 b 3.64b 10.12d 125¢ 482¢
NI 17.14 ¢ 357a 13.95a 11.76 d 3.63b 17.00 b
N2 20.97 b 437a 13.10a 17.62 ¢ 4.02 ab 19.98 ab
N3 22.10b 3.56a 12.16 a 20.51 be 422a 2593 a
N4 23.96a 3.04a 17.11a 24.13b 489 a 20.65 ab
N5 22.18b 333a 13.08 a 30.99 a 4.44 ab 20.09 ab
2.2 DVI TN
350 ~ 1330 nm DVI TN NDVI RVI
(DVI) (RVI) (NDVI) TN TN DVI
(R?)
(TN) DVI

RVI

NDVI
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Fig.2 The contour map of determination (R*) of rice TN to difference spectral indices based on two wavebands combination
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Table 3 Determination coefficients (R) for linear relationships and sensitive band interval of TN to RVI, DVI and NDVI

(nm) R? R’
PO RVI 761 ~ 777,742 ~ 752 0.87" 521 ~ 524,753 ~ 761 0.91"
NDVI 742 ~ 752, 784 ~ 794 0.83" 648 ~ 654, 750 ~ 756 0.87"
DVI 744 ~ 753,765 ~ 775 0.89” 540 ~ 550, 758 ~ 762 0.92"
RVI 740 ~ 750, 747 ~ 757 0.90" 914 ~ 924, 764 ~ 774 0.95"
NDVI 750 ~ 760, 782 ~ 792 0.86" 777 ~ 787, 939 ~ 949 0.92"
DVI 735 ~ 745,937~ 947 0.91" 766 ~ 779, 1042 ~ 1 046 0.94"
RVI 744 ~ 750, 772 ~ 782 0.62" 660 ~ 670, 747 ~ 755 0.72"
NDVI 987 ~995,1 012 ~ 1 022 0.67" 773 ~ 777,923 ~ 928 0.77"
DVI 930 ~ 940, 956 ~ 965 0.76” 941 ~951,1172~1178 0.79"
Pl RVI 722 ~ 732, 753 ~ 765 0.82" 640 ~ 650, 767 ~ 771 0.84"
NDVI 741 ~ 752,775 ~ 783 0.86" 641 ~ 645,769 ~ 775 0.90"
DVI 523 ~ 533, 585 ~ 595 0.87" 706 ~ 710,710 ~ 716 0.90"
RVI 749 ~ 759, 839 ~ 849 0.89" 511~515,1011~1019 0.91"
NDVI 749 ~ 749, 790 ~ 800 0.88" 669 ~675,1011 ~1017 0.90"
DVI 518 ~ 528, 661 ~ 671 0.90" 496 ~ 506, 1 020 ~ 1 025 0.92"
RVI 720 ~ 730, 1 026 ~ 1 038 0.65" 737 ~ 746, 713 ~ 724 0.75"
NDVI 741 ~ 753,755 ~ 767 0.69" 644 ~ 652, 1229 ~ 1 235 0.78"
DVI 720 ~ 730, 972 ~ 981 0.71" 766 ~ 770, 686 ~ 694 0.87"
750 950 1020 nm 2.3
(R%) 0.70 ~ 0.90
0.95 TN
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DVI  NDVI R RVI(FDy19, FD74) NDVI(FDyy0, FDssy)  DVI(FDsos,
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Fig.3 Validation precision of TN estimation model with the existing and selected hyperspectral indices in 2013
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Fig. 4 Validation results of the monitoring models of rice TN based on the constructed and existing hyperspectral indices

(TN)

[21]



39

mND705""
PRI NDVI;s5"
4
350 ~ 1 330 nm mND705
(DVI) (RVI) (NDVI)
(0.93) (0.56)
TN
(780 ~ 1 330 nm)/ (750 ~ 770 nm)
(640 ~ 700 nm) (450 ~ 500 nm) 098  0.80
PRI NDVlIyys
2] [19]
(690 nm 700 nm) (1 350 nm)
(660 nm) (460 nm)
PO Pl
™
TN
TN 620 ~ 700 nm
TN Verstraete
[22] [23] [24]
669 ~ 680 nm
(640 ~ 700 nm)
F 4 PO FIP1AIEKIEEM TN SHERLIGRMEELER
Table 4 Results of TN to hyperspectral indices of PO and P1
R RMSE P-R* P-RMSE
RVI(FD719, FD149) PO 0.87 1.49 0.80 2.92
Pl 0.90 1.66 0.98 1.35
mND705 PO 0.81 1.75 0.56 2.63
Pl 0.84 2.11 0.93 1.89
NDVI(FDan9, FDss2) PO 0.86 1.57 0.81 2.82
Pl 0.91 1.40 0.79 3.33
PRI PO 0.49 2.99 0.62 4.54
Pl 0.82 1.47 0.71 3.70
DVI(FDy7, FD713) PO 0.86 1.57 0.81 2.82
Pl 0.91 1.40 0.79 3.33
NDVys PO 0.83 1.78 0.73 3.47
Pl 0.89 1.50 0.64 4.29
TN
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Research on Sensitive Spectrum of Rice Canopy for Nitrogen
Under Nitrogen and Phosphorus Interaction

LI Ying', XUE Li-hong®’, MA Zi-hou’, PAN Fu-yan', YANG Lin-zhang’
(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 Jiangsu Academy of Agricultural Sciences,
Nanjing 210014, China; 3 Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A pot experiment was conducted across two successive rice growing seasons. Canopy spectral reflectance and
total nitrogen(TN) of rice were measured synchronously at rice jointing, heading and filling stages. Difference vegetation indices
(DVI), ratio vegetation indices (RVI) and normalized difference vegetation indices (NDVI) with all combinations of two
wavebands between 350 and 1330 nm were calculated and related to the TN, then TN estimation models were established based
on the best relations. The performance of existing nitrogen spectral indices was also evaluated and compared with the new
spectral indices established in this study. The influence of rice canopy spectral reflectance to nitrogen was greater than
phosphorus, and showed a decrease at visible band and an increase at the near infrared region with the nitrogen rate increase. But
the responses of rice canopy spectral reflectance to phosphorus were influenced by nitrogen rate. Phosphorus increased the
reflectance in visible and near infrared region under the nitrogen-deficiency condition, while decreased the reflectance in the
visible region under adequate nitrogen condition. The band combination of the best vegetation indices for TN estimation was
similar and mainly located in the near infrared (780—1 330 nm) / visible (750—770 nm) region, the red edge (640—700 nm) and
visible (450-500 nm) region. But the TN sensitive band combination of the no phosphorus added treatment and phosphorus added
treatment were different. The TN sensitive region and the determination coefficients (Rz) of the phosphorus added treatment was
smaller and lower than the no phosphorus added treatment. RVI(FD719, FD749), NDVI(FDyy9, FDssy) and DVI(FD~y7, FD713) were
the best indicators for rice plant TN concentration at jointing, heading and filling stages, with the R* of 0.87, 0.80, 0.87 and the
RMSE for estimation of 1.98, 3.68, 3.47 respectively. The estimation models were hardly influenced by nitrogen and phosphorus
interaction. The performance of mND705, PRI and NDVI,y; were best among the existing hyperspectral indices at jointing,
heading and filling stages, but the TN estimation accuracy was influenced by the phosphorus level, especially for jointing stage
and the accuracy was better under the phosphorus-sufficient treatment than phosphorus-deficient treatment. The TN estimation
accuracy of existing index was lower than the new spectral indices. The combination of TN sensitive bands and the TN estimation
accuracy was influenced by the interaction of nitrogen and phosphorus, choosing appropriate spectral indices is necessary for
promoting TN estimation accuracy.

Key words: Rice; Canopy spectra; Nitrogen and phosphorus interaction; Total nitrogen content; Monitoring model
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