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Fig. 1. Temporal changes of nitrogen concentrations in leaves and shoot for rice plants grown under different nitrogen
fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha™) in the cropping seasons of 2000-2002.
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Fig. 2. Correlation intensity curves between nitrogen concentrations in leaves and shoot and spectral reflectance of canopy for
rice plants grown under different nitrogen fertilizer application rates (0, 30, 60, 90, 120, and 150 kg ha™) in the
cropping seasons of 2000-2002.
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Fig. 3. Changes of nitrogen concentration in leaves and shoot to spectral reflectance at 1240 nm and 1208 nm for rice plants
grown in the first cropping seasons of 2001-2002 and the second cropping seasons of 2000-2001, respectively.
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Table1. Summary of multiple linear regression analysis for relationships between nitrogen concentration in leaves and
shoot and spectral characteristics of canopy reflectance spectra for rice plants grown in the cropping seasons
of 2000-2002
e Y=a+bRy+cRo+dR;3 R P
a b c d
First crops, 2001 and 2002
Leaf N (%) 1.783 1.828 -0.804 0.091 0.763 <0.0001
Shoot N (%) 0.560 1.745 -0.703 0.077 0.738 <0.0001
Second crops, 2000 and 2001
Leaf N (%) 2.632 0.874 -0.308 -0.097 0.790 <0.0001
Shoot N (%) 1.673 0.863 -0.293 -0.082 0.803 <0.0001

Y represents leaf nitrogen or culm nitrogen; A1=403 nm, A2=558 nm, A3=1607 nm.
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Fig. 4. Comparisons between the estimated values, from the best three variables linear regression models, and the measured
values of nitrogen concentrations in leaves and shoot for rice plants grown in the cropping seasons of 2000-2002.
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BHE A SE A R AR B AR (R 43 HIES] 0.698 K2 0.730) o Kl » AKLL B — %2 iz By Kz S b 3 it 1 Bt
TBHE— RS TEAUTE MR 2 R IR S - KRR B R KT AN 5 IR /EI0IR - #5588 HY 1208 nm %2Rz B -
RIIAT UG S 38 Fr R MR S R IR B 70% 2 Al I MERERE » R RIHAE & FEIRYR[A] » s HES IR 3 4
FR K LR PR IR — 2 AR AR R L RWIREE BNE RS E 73 FER A - REEL S — ~ 3
TR i e R AH B 22 B B A BN AN AR -

ARWFFERER ] 2 TORR I BB 53 A 53 - B LABR RS HE 58 2 AH BRI SR R B2 I B » L & I i
Rl ER 5 S R IR A A HE B - HRR 1 WA MG — IR MR s RS - Tt i R =
JCE AR ER AR S - B SRS R EE P B vk B B 4 PR A A 0 - E# AT 403 nm ~ 558 nm %z 1607
nm 55 =423 B ST LA o B — SRR VR R E Py B PRI 25 20 1 0 L s LA I HE Rl 1B (R 520R)
#0176 J¢ 0.146 E7H28 0.763 J¢ 0.738 » HARSVEFEMRAYZE Fr ke Ak HITS3 BT 0.698 J% 0.730
ThE# 0.790 Jz 0.807 o #ELbiiE 26 = I E ARG Bt Qg A (B B B B % » B —HBALR T3 %%
) BERA 0.94 > M (RMSE) B/ A 0.548(18 4) - MBI —FER - FEARIEIHTE 3



72 hEERENTsE BB S53 % 1A 2004

BegtR R P (R RY 5% & & H o3 L) - SEEmIE P s kAT & @ T 20 B - BRI HERERESIRY 12 1 2tk

&
=k

Fr e S TR SR - SRR VTS HH 5 B B AR B S B 0BT G S SO G B AR AR S SR R AH R
i i Y B — R A B B o TR RS D 25 SRR R A3 BT o AR L G SR A BRI 2 (I R i 1B
B A EmEr 2 o B - B S Rk S AR R I R YE R - AT FERE A TR
338 S A A5 0 B8 B ARk & BRI RT AT 1 » 28 7 DGR & A /K s U IS M A BRI E FH Y T -
BRI > Ry 1 BAHE 38 S = R [RIBR R B M - SR 2R S E BN BE 2 AR BR SR AR R &R - 3%
HH R LR R R B R (TGRS & I U RE R SRR AR o FLR - R
AR MR B A2 5 - F5RE DUHMABEHA Ry SUK /KRR 4 B HAD) B 28 4 Ko fH (vegetative growth
phase) J¢ 2 78 4 Fe A (reproductive growth phase) » & AT BB Hi A~ (7] 4= Fe A 56 B $2AHBR 09 L 35 Rr 30z
B HETTEE o 3 s A A 0 HE 1 1o BEURS e 1 -

T

AW FEARSE TR e RS T B AR SE AR i 2 (89 5&E -4 1-f&-41(2) » 90 f2FH-4.1.1-2-C2(Z) »
91 FEB1-5.1.3-F2-C2(Z) > 92 EF}-1.1.6-5% CL(Z)SCHF » 3 LIRIR ARG -

5| AR

RTBES - 1988 - fEY)AE S @R - BINZHBUREE AR - i - 639 pp.

RIS ~ AR © 2002 o ZKAE B BEUALRF L ERR R ERE LB 1R o MU BGERIEET] 7(4):41-52

THRIE ~ Bl ~ REFHE - 2002 o fif FH A NEBKTEIE R R ~ SERkR MR SO OERE <o % - hRE R
FEWTE 51:1-14 -

SEHEER ~ MELE - 1968 o AKAE AR MEEL IR E - BEHELEESE 16(9-10):251-254 -

BREIR ~ A0 ~ BRI BH ~ BREEA © 2001 o /KSR UV EAE e S S DU < BIRE S AT - Hhaf RESE SR 52
8:77-92

B 3G ~ BT 0 1969 o AKARZAERIFEL (4) - BHEEESE 17(7,8):235-240 -

il ~ BREEA o 1997 o IKTE IR M SO YGRS L AT - Hh3E RS 5L 4(2):87-95 -

Bl - 2003 - I SERRR AL B KA R ISR R S 23R - TR R JE 52:73-83 -

BBl ~ LS ~ RS BEIN ~ BRIESE - 2003a o FI A SERE RGBSR R S5 R AR IR
RE o h3ELSENTSE 52:105-116 °

R ~ SIESRE ~ WEEE ~ RS - MEHIN - HE o 2003b o FI A 0 3R B RS AR PR AR R I
AFAIREE - HHHERLSENIE 52:267-289 -

B~ TR3E © 2002 o FHYIRAE T o 1T BB R G S SEY) B ABE T IR © B - 791 pp.

EX3Ci ~ BRAFAR © 1966 - 7K SR 1 S 7 BB 501 i ) Ze NS S8 LA i FOR RN SR 2 5 % - LSRR
14(1-2):53-54 -

Arnon, D. 1. 1949. Copper enzymes in isolated chloroplasts: Polyphenoloxidases in Beta vulgaris. Plant
Physiol. 24:1-15.

Baret, F. and G. Guyot. 1991. Potentials and limits of vegetation indices for LAI and APAR assessment.
Remote Sens. Environ. 35:161-173.



TR S B R e A B R AR 2 R 73

Blackmer, A. M. 1988. Using precision farming technologies to improve management of soil and fertilizer
nitrogen. Aust. J. Agric. Sci. 49:555-564.

Blackmer, T. M., J. S. Schepers, G. E. Varvel, and E. A. Water-Shea. 1996. Nitrogen deficiency detection
using reflected shortwave radiation from irrigated corn canopy. Agron. J. 88:1-5.

Gausman, H. W. 1982 Visible light reflectance and absorptance of differently pigmented cotton leaves.
Remote Sens. Environ. 13:233-238.

Gausman, H. W., W. A. Allen, V. I. Myers, and R. Cardenas. 1969. Reflectance and internal structure of
cotton leaves, Gossypium hissutum L. Agron. J. 61:374-376.

Guyot, G. 1990. Optical properties of vegetation canopies. p.19-43. in: Applications of Remote Sensing in
Agriculture. (Steven, M. D. and J. A. Clark, eds.) Butterworth publishers Ltd., London.

Hergert, G. W. and R. B. Ferguson. 1997. The impact of variable rate N application on N use efficiency of
furrow irrigated maize. p.297-305. in: Precision Agriculture. (Stafford, J.V. ed.) BIOS Scienttific
Publishers Ltd., Oxford, U. K.

Milton, N. M., B.A. Eiswerth, and C. M. Ager. 1991. Effect of phosphorus deficiency on spectral
reflectance and morphology of soybean plants. Remote Sens. Environ. 61:319-345.

Sinclair, T. R., R. M. Hoffer, and M. M. Schreiber. 1971. Reflectance and internal structure of leaves from
several crops during a growing season. Agron. J. 63:864-868.

Xue, L., W. Cao, W. Luo, T. Dai, and Y. Zhu. 2004. Monitoring leaf nitrogen status in rice with canopy
spectral reflectance. Agron. J. 96:135-142.

Yoshida, S. 1981. Fundamentals of Rice Crop Science. IRRI, Los Banos, Philippines. 269 pp.



74 hEERENTsE BB S53 % 1A 2004

Estimation of Nitrogen Content in Rice Plants from Spectral
Characteristics of Canopy Reflectance Spectrum'

Fan-Ming Chang?®, Chwen-Ming Yang™ and Ay-Hwa Chang®

Summary

Chang, F. M., C. M. Yang, and A. H. Chang. 2004. Estimation of nitrogen content in rice plants from spectral
characteristics of canopy reflectance Spectrum. J. Agric. Res. China 53:63-74.

This study was to measure near-ground remotely sensed canopy hyper-spectral reflectance data during
the growing periods under varied treatments of nitrogen (N) fertilizer and to identify spectral characteristics
in related to N concentration so as to establish spectral models for estimating N status in rice plants. Results
indicated that reflectance spectra of rice canopy were similar to other green plants. Applications of different
amounts of N fertilizer changed the spectral patterns, but did not change the decreasing trend of N
concentrations in leaves and shoot following plant development in both cropping seasons. Correlation
intensity curve between spectral reflectance in range of 340-2400 nm and N concentration was similar in
leaves and shoot, suggesting that responses of reflectance along the spectral domain to N concentrations in
leaves and shoot were quite alike. However, the correlation intensity curve of the first crops was not
conformed to that of the second crops, and varied correlation coefficients existed in different narrow bands.
In general, correlation coefficients from near-infrared (740-1300 nm) to short-wave infrared region
(1300-1800 nm) had larger values than the other bands. Change of correlation coefficient was in
between —0.5 and 0.5 in the first crops, with the maximum absolute value of correlation coefficient located
at 1240 nm (R?<0.18). The values of correlation coefficient in the second crops had greater variability, with
the maximum absolute value found at 1208 nm (R*>0.70). Results also indicated that estimation of N
concentrations in leaves and shoot of rice plant may be improved by using multiple linear regression (MLR)
models. The spectral wavebands suitable for the best three variables MLR models were 403 nm, 558 nm
and 1607 nm for both cropping seasons. The slopes for the relationship between the estimated and the
measured values of N concentrations were greater than 0.940, with the root mean square error (RMSE) less
than 0.548.

Key words: Canopy reflectance spectrum, Spectral characteristics, Nitrogen content in rice,
Correlation coefficient, Multiple linear regression model.
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