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(350-2400 nm)

( ) ( )

3-4 3-5 0.3 m 0.18

m 185,000 hills ha-1 02/26/2001 02/27/2002 06/27/2001

06/18/2002 08/07/2000 08/06/2001 11/23/2000 11/28/2001

0 30 60 90 120

150 kg N ha-1 400 m2 (50 m 8 m)

Fluvaquentic Dystrochrept 5.60 1.2% Kjeldahl-N 755

ppm 9.5 ppm 44.3 ppm 623 ppm 107 ppm

( 39 N:P2O5:K2O= 12%:18%:12% )

( 21% N ) 2 ( ) 3

( ) ( ) 2 ( ) 3 ( )

(2002)

(butachlor 5% 1.5 kg a.i. ha-1)

(bentazon 44.1% 200X 1.3 L a.i. ha-1) (cartap 6%

1.8 kg a.i. ha-1) (stem borer, Rupella spp.) (carbofuran 40% 800X

0.48 L a.i. ha-1) [planthopper, Nilaparvata lugens (Stal)] [leaffolder, Cnaphalocrocis

medinalis (Guenee)] (Validamycin A 50% 1000X 0.5 L a.i. ha 1) (sheath

blight, Rhizoctonia solani Kühn)

6 ( ) (

) 70ºC 72 h (0.1 mm)

Kjeldahl ( 2002) (%)

0.2 g 50 ml 4 ml 36 N 0.2 g (K2SO4:CuSO4·5H2O:Se=

50:10:1, w/w/w) 800 2 hr

(NANOpure, Ultrapure Water System, Barnstead/Thermolyne Inc., Iowa, USA) 50 ml

5 ml 5 ml 10 N NaOH 4 ml

4% 0.01 N HCl

(%) : N(%)=0.01×WN×V×(50 ml/5 ml) ×(1/W) ×100% V

HCl (ml) W (mg) WN (14)

(10:00 12:00 )

70%

(spectroradiometer, model GER-2600, Geophysical &

Environmental Research Corp., Millbrook, NY, USA) 10 (FOV, field-of-view)

330-2600 nm

(spectrometers) 512 (silicon detectors) 330-1050 nm

-
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��uÄÙ9 1.5 nm¥$�M 128�°û7�4Ì5(PbS detectors))�ÌÂÃ6ó 1050-2600 nm)

��uÄÙ� 11.5 nm (GER-2600 User Manual 1996)�¨:eÀg8ÂÃ�C9ÂÓ�ã�{�)�

�e 350-2400 nm��:;q�wÄ)5�8&'��0m<=�ì«�>ê?��)ai8ÂÃ�

�ã 537��

g��$}1/>@AóhÀÞBC�D!�lY EÀ)�g&'()�ÎÏ��xF�ö�

%ó� 5.8 m{è)5GHf��ÌHI� 1 m!Já²³(e<0)�����¡öÊó·�ê,�

*Y+[¾¿�ÌK�)é�&'pÖD�Ì#Û8ÂÃ�#�ÌL(radiance))4öÊLãL�¤â

ãM#�L�é�&'A%M 4�NOÌ%�KpL)=��ÌÎÏ��}�(PQ(reference panel, 

'Spectralon', Labsphere, Inc., North Sutton, NH, USA)���#����)¡+[�ý��������

é�é>67µ0RS��Ì 15 �Õ�%')�$L�KpL����M���ÌTx)��&S

ú�wÄ�

��
�

Hy&S�ú�wÄ¡ Statistical Analysis System 8.1U (SAS 1998)} Sigmaplot 2000 (SPSS ASC 

BV, The Netherlands)q�67)=5VW^�È(Ì)%(dummy-variable test)�X�IY�Õ�zª}

Õ�IY��>zª��&Sm!23)�È%ÅÆ
�¼23�)Ug&SAYwÄ�¨Z[H�

��wÄÀ)8�Ïi±� (leaves)}
i (shoot)����w��18ÂÃ��������

(correlation coefficients))�si��\»���O¡d��ÇÈª´����].L#¨8ÂÃ)�

Xd	
8ÂÃ����±�}
i
��w��^D���

¨��(^�)�����wÄ(multiple linear regression analysis, MLR)À)5 SASC!_��`m

(collinearity diagnostics)}Õ�^�/An%��(R-square selection)L�aÇ��	�AI!8Â

Ã)C5bÉ��wÄ(step-wise selection)�acA Mallows’ Cp criterion)g=©	%!��	
/

âªd!����������GEF�ªd©�H������cÞ�: Y3=a+bRλ1+cRλ2+dRλ3)$

CV^�(dependent variable, Y3)M±��
i�
��w�)/B^�(independent variables, Rλ1, Rλ2,

Rλ3)MÎÏ������CÇ���	
8ÂÃ(λ1, λ2, λ3)�����2pfe(root mean square error, 

RMSE)�¡5Þ«��ý:
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t�(�0)íyX��!���23�4wÄÏi±�}
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��w�)�m<IÏYt�I

m!��º»n¼t�q7rÞß(o 1))¤Ð�)[{«�!Ïi
��w�ni�!pËr���
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gÑÒtÓIãtqtÓIwh�Ì!ÎÏ����:;(350-2400 nm)18ÂÃ!����o

1#�Ïi±�}
i
��w�q�Z[H���wÄ)�y18ÂÃ����Ïi
��w�!

����Õ>p)c.±�}
i
��w�!�.r4�»s�(o 2))tR5t�(�ÂÃ

(740-1300 nm)}�Â�(�ÂÃ(1300-1800 nm)!���X��W,)>IÏY��IÏY!��\

»Õ>)´[À>IÏY�����18ÂÃ����
��w�!���æó�IÏY­¥$C)

����¨>IÏY6ó-0.5ã 0.5�m)¨�IÏYå6ó-0.75ã 0.5�m�

¨t�(�ÂÃã�Â�(�ÂÃ�C)�±�}
i
��w������].Lª´!8Â

Ã{è)¨>IÏYuó 1240 nm)Ie>�H���)n%��(R2)whM 0.176 (P<0.005)} 0.146

(P<0.01)¥¨�IÏYåuó 1208 nm)Ieó������)R2 whM 0.698 (P<0.0001)} 0.730

(P<0.0001)(o 3)�

� 1. ��� 2000-2002������	
��
�����(0, 30, 60, 90, 120, and 150 kg ha-1)����������
������� !"#$%&'

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-1) in the cropping seasons of 2000-2002. 
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� 2. ��� 2000-2002������	
��
�����(0, 30, 60, 90, 120, and 150 kg ha-1)����������
���()*+,-./012+,��3456789:;6'

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-1) in the 
cropping seasons of 2000-2002. 
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� 3. ��� 2001-2002 �<���= 2000-2001 �>����������������?( 1240 nm(<��)�
1208 nm(>��)012+,��8@'

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. 

v¡�������wÄÅÆ)ÇÈ�ªd©�H������!����	
8ÂÃ)cx 1

#m�=©©�H��������w.Ïi��º»£Ì!�M»)Upqw.Ïi±�}
i


� 1. ��� 2000-2002 ������	�A�B�)*+,-.CD012(�������������E
F6GHIJ�KLM

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 

Y=a+bRλ1+cRλ2+dRλ3
z

Item
a b c d 

R2 P 

First crops, 2001 and 2002       
Leaf NN%O 1.783 1.828 -0.804 0.091 0.763 <0.0001 
Shoot NN%O 0.560 1.745 -0.703 0.077 0.738 <0.0001 

Second crops, 2000 and 2001       
Leaf NN%O 2.632 0.874 -0.308 -0.097 0.790 <0.0001 
Shoot NN%O 1.673 0.863 -0.293 -0.082 0.803 <0.0001 

z Y represents leaf nitrogen or culm nitrogen; λ1=403 nm, λ2=558 nm, λ3=1607 nm. 
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��w�^3!£Ì�
�>��IÏY)403 nm�558 nm} 1607 nmL©8ÂÃ!���/AR

hIe)>IÏY! R2whM 0.763 } 0.738)�IÏY! R2åwhM 0.790 } 0.807�r=©��

���!£ÌL�:ÌL!��xw¶·)y�´ó 0.94)�2pfe(RMSE)Lµó 0.548(o 4)�

� 4. ��� 2000�P 2002������	�������������QAR(STUF6GHIJVWXAR�
	"�Y'

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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rjk�R|Y}��^_n¼�l!^3)�g�A�Ô¨�������À!^û�>�¹ð�

Z!���i)�M
Û��!±¹[(�)}$�ð�(ôõ�����ëï�}±��L))�d¨

hl�0 (400-700 nm � 400-740 nm)Û�� 80�!@z�)c�ð�����¨t�(�0
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(740-1300nm)��Õ@z)������¨t�(�0��y>����~0(¦L 2001¥Blackmer et

al. 1996¥Gausman 1982¥Gausman et al. 1969¥Sinclair 1971)�v¡ó±¹� a}±¹� b!Q¬@

z~{óhl�0!��ÂÃ}��ÂÃ)wh5 450 nm} 670 nmMC9)#5���¨ 550 nm

�t�ÛX\!��L(¦L 2001¥½&+ 1997¥Arnon 1949)�

GEF�Ì!ÎÏ������)0ÛfgóÀÁ¹ð�Z��!^ûn3}¦L(2001)¨ÎÏ

�����Ì�HyÅÆ)W,*�y`eÕL��Rgj^����(&Sw��))c¤L(2002)

Hy�Õ��Re�.Ïi������!íî�÷�����p�m)`e���Rg�q���

�)a$¨hl�0���!�AYer0ÛXæ!���)¨t�(�0å�����!�«��

���Yer0ÛX�!���¥��)��!YZ��¨hl�0!����M±¹�º»!ßæ

rpË)¨t�(�0!��ò�M±���F�!��rßæ(Baret & Guyot 1991¥Guyot 1990¥

Hergert & Ferguson 1997¥Milton et al. 1991¥Sinclair 1971)��d)hl�}t�(�ÂÃ!��^

û)hYMYZ�i��\]!�Égm�

ùÏi±�}
i!
��w�¨t�Im!j^)�y
�>��IÏY)��º»pn¼t

�!q7�yÞß!n3(o 1)��þ&)Ïi�[!���� �[³!Ë´rpË)+[{«�

rÐ)Ïi!
��w�gni�!��r���¡Ì¨t��IhfM�7ÑÒ5¢(c±�Ù)!

ï³£p[{«�º»n¼tÓq7rb¤Þß)t��Iå,wh�M��ãtq5¢(cÝ)}¥

û/{Õ¦§u¨©L)£pÑÒ5¢[{«�º»!ßæ�

¨�Ì!ÎÏ����:;ö(350-2400 nm))18ÂÃ�����Ïi±�}
i!
��w�

��)hAeZ[H���\»wÄ)i:ÎÏ
t�Im18ÂÃ���
�!��\»(o 2)�

´pÀ)±�}
i
��w����������\»��^ûs�)�m18ÂÃ���.ó±

�}
i!��º»0Û�g!r4�Ô)R5t�(�ÂÃ (740-1300 nm)}C�(�ÂÃ

(1300-1800 nm)!���X�)W,>IÏY��IÏY!��\»Õ>�ª[_«)>IÏY!�

���18ÂÃ����
��w�!���(����6ó-0.5 ã 0.5 �m)æó�IÏY­(���

�6ó-0.75ã 0.5�m)�¨���X�!t�(�ÂÃã�Â�(�ÂÃ)>IÏY5 1240 nm8

ÂÃ{è!����±�}
i!
��w������].Lª´)Ieó>�H���(R2 wh

M 0.176} 0.146)(o 3)�c�n%��(R2)Õ�)�m0Û��´!^3)ÕIA¬5>�����

UhÔe��IÏYå5 1208 nm8ÂÃ{è!����Ïi±�}
i!
��w������]

.Lª´)Ieó������(R2wh9: 0.698} 0.730)��d)­5[>8ÂÃ���_£Ì�

DE>IÏY!�i��º»)g�^3:;®´rÕr¥�IÏYIm)	�� 1208 nm8ÂÃ)

åh5si.±�}
i!��º»t 70%�£Ì�M»�¡ó<IY�m!Õ�)�Ô1IY.�

�@z�Ae!���ø>p)r¨tÓÀ!��23�Yâ
��w�!Õ�)�dai>��I

ÏY�ª´��8ÂÃ{è�Õ���

GEFOAe�������wÄfQ)I5ÇÈ�,���!��	
8ÂÃ)/Aâ���

��_��.��º»£Ì!�M»�¡x 1h¯)
�>IÏY��IÏY)phÊ|�ªd!©

�H������)pq.Ïi±�}
i
��w�^3!£Ì���e 403 nm�558 nm} 1607

nmL©8ÂÃ!���/A).>IÏY�i±�}
i!
��w�^3£Ì!�M»(R2xm))

gwh¡ 0.176 } 0.146 À�ã 0.763 } 0.738)�IÏY�i!±�}
iåwh¡ 0.698 } 0.730

��ã 0.790 } 0.807�4�X=©©�H������!£ÌL�:ÌL�)�y�­��xw¶

·)y�´ó 0.94)r�2pfe°RMSE±Lpµó 0.548(o 4)�e²d>ÅÆ)¨G³EF�H
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y&S:;ö(æó 5%
��w�))
�±��
i!
��w�)��£Ì�M»tó 1´1��

X�

�A1³HyÅÆ)�mh ¡Z[H���\»wÄ)ÇÈ�����C�Ïi��º»��

�ª�![>	
8ÂÃ��hC ¡�������wÄ)ÇÈ����º»��!��	
8Â

Ã)/Aâªd!��H������)��.Ïi
�\]£Ì!�M»�GEFÅÆµ�wAe

��ÍÌó£Ì}DEÏi
�\]!h��)*¶�w��ÍÌóÎÏ�R��S7!ÔeØÙ�

þr)Mwpq��ÍÌ��.Õ�^_!Ie�)w_Ô�pË,�;�^_·>!�Ì&S)¸

�,I�!��	
ÂÃ}�e)aÊB!��ÍÌ��,�¹º��º»!^3�$�)¡ó²Ý

���y!��á]À23)	�5²ÝIM»gÎÏt�I·×âÑÒtÓ�(vegetative growth 

phase)}tqtÓ�(reproductive growth phase))gh�ÇÈ�Õ�tÓ�,H���!��	
Â

Ã)qr����ÍÌ��!£Ì�M���M��

� �

GEF¼½���� ���1� Hy#4�(89ÍÌ-4.1-¾-41(Z))90�¿-4.1.1-�-C2(Z))

91�¿-5.1.3-�-C2(Z))92�¿-1.1.6-� C1(Z))�À)Á5xm¡Â4}�

����
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Estimation of Nitrogen Content in Rice Plants from Spectral 
Characteristics of Canopy Reflectance Spectrum1

Fan-Ming Chang2, Chwen-Ming Yang3,5 and Ay-Hwa Chang4

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 (R2<0.18). The values of correlation coefficient in the second crops had greater variability, with 

the maximum absolute value found at 1208 nm (R2>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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