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Abstract 

The major objects of this study is to find out the effect of long-term 

organic farming on the soil physic-chemical properties and the crop 

growth, and to investigate the feasibility of applying the real-time 

analysis, based on the remote-sensing science, to improve the organic 

agricultural management and the corp quality control. At the meantime, 

the issues of global warming and carbon reduction were highly-concerned; 

we also try to exam the capability of soil organic carbon (SOC) stock of 

the organic farming. The results of the study are shown as follows+

(1)After the long-term organic farming, the soil pH got a rising trend (> 

pH 5.0). The content of organic matter, organic carbon, bio-available 

phosphorus, exchangeable potassium, exchangeable magnesium, and 

exchangeable calcium are increased with the duration of the organic 

cultivation. These indicate the long-term organic farming can improve 

the soil condition. 

(2)The increasing of organic cultivation duration can raise the height and 

dry weight, in addition, can stabilize the plant absorption of the 

nutrimental elements. In addition to increase the content of the 

potassium and zinc in vegetables, it reduces the content of the sodium. 

(3)The increasing of organic farming duration can been shown by a 

specific regular pattern of the leaf spectral reflectance at the 

wavelength of visible light and near infra-red regions, and been 

coincided with the variation of the photosynthetic pigments content. 

The vegetation index, such as NDVI, SRVI, NDVIbroad and SRVIbroad, 

and the value of SPAD can be served as the pointers, when the 
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senescence of the organic cultivated-plants and the reduction of the 

chloroplast are happened. By utilizing reflectance spectrum to 

calculate vegetation index and to measure the variation of the pigment 

content in leaves, and to monitor the whole crop growth condition, 

finally. 

(4) In the greenhouses with different duration of organic cultivation, the 

SOC content within 20 cm-depth from soil surface was increased 

about 100 to 900 Mg ha-1 (i.e. 370 to 3,300 Mg CO2 ha-1 was got 

fixed.) throughout a vegetable cultivating cycle. The soil in the 

greenhouse with different duration of organic farming (from 1 to 7 

years) can stock 3,100 to 5,600 Mg ha-1 SOC, which is equivalent to 

11,400 ~ 20,600 Mg CO2 ha-1. Under long-term organic cultivation, 

there is 1400 Mg CO2 ha-1 got fixed each year. The SOC could keep 

accumulated to the maximum amount while the organic farming was 

continued more than 5 to 7 years. Evidently, to popularize the organic 

agricultural management in the future will get benefit from CO2

reduction, promotion of the agricultural crop value, and maintenance 

of even more healthy cropping fields and products. Eventually, we 

wish to reach a balance between crop production / quality, 

environmental protection, and sustainable cultivating environment. 
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=U§é��ª«L

��ô=\9�LÅ«¬Yz={T�vK��5�®L�

9¯�=U8°��®2L{a(°m, 2001)X

(�) �	Íì
���\£ÀI

Å��� +L�@=ÞaX�2��&�ë=±²³�

Á��5L����=��L�	Íì
�3£L§6X��g



11

�	L´µU¶���\£ÀILDK=ª��·¸=¹º»<=

l¢DKÈ¬L��g�	-=8°��¼½L}�YXèé

£¤=Å«����Áì��L\u2�«=U\È{aZ8

°���\£ÀIL»¼(¾m, 2008)X

(�) ����a

¼�Å«o¡ð!r�§=U8ê�¿ÀLÛp9=���

��
X¼�Å«���&=��Á��5���^98�jf

í(Á, 1988�Âm, 2006)Xl¢=�� +!�§U\]êL�&

Å«9zFS�ð½y-s!k9=����g����	Í

ì
mKø��¥¦p
��j��(Mäder et al., 2002)X

\��=h�������!`=èéÃT£¤¼�Å

«����=�� pHUz��ð^9z��\£¬azÄøù

az���gmÇw>ñ�§=l¢����Å-=ª�Æ¼

½�¸8ê}�($, 2002)X

�. ���������!"#

������(soil organic carbon pool, SOC)j�üLE��

���L^9�ÇÄ9X��	È��ÉÊopË6=;S2�

²³"#(1)��édôz�z��©��f"!Çg�(2)ªq



12

�9ÌÍÎ¹ºÏÐÑÒ�(3)OÓ	5Ô���f"é¡	I

«�(4)���UsÂ��ÂÓ	ðª;Ã����(5)©ÌlÇg�

(6)¶��¬��\£�«�(7)¯°��ÄøùaGIÕ�}

~�(8)édg�	jÛ!Ç���(9)ª��Ö6×2¶�ª[Ø

ÇG§µ�?=���ºÍ	�z2���	
ð�ùTU�L

.h(Ù=1997�·m=1998)=��"#��!�kg=�>�	

�¼�}���E-�opL%�X

Majumder et al. (2008){'W�p�������^9=�ê

î�Û3.3 Mg C ha-1 (¤^�	�R:;)XJohnson et al. (2006)'

W�k�Ú�	!§GÛÜøtK§=Û�2.5±1.0 Mg C ha-1

yr-1L�"ÃóG��SOC�TK§øtÝÛ1.8±0.44 Mg C ha-1 yr-1

�"ÃóX�rî���L�"ÃóÄ9=¤^ÊO�����

�	!:;=\ù�ß
ªG#¾��SOC=ÞStewart et al. (2007)

Lèé!ü¤ÉÊ�����ß�àÏL��==Eù�ßá\

²w.h=âÉtS3ã(X

�����9ã�<���äaz�Üøtz��&��m

ïß���.=\�&��øï=TÅ��§��=��ð��

�z¯=5�2�ô�«9!UG��l�(Á 90 Mg ha-1)=��

��LÅ«(20 Mg ha-1 yr-1)�>����ðLåæ��ºÎq�



13

(·m=1998)XMajumder et al. (2008)>çaèØé§@Glê

(Oryza sativa L.)�ë�� ì(Trifolium alexandrium L.)í� 20�

��'wÀ�'W=5�Å«2��&Ç���������

îÅÁ��=!�ª��ÈÇ9�Á=� SOC�Á��"Ãó9

(¤^����É[ï!§Z%z§z%�R!�"ÄÏ)µ[-

.X���®ìxà!�":;!Ë=«UG�Á���kg�

¶��	�¼=ª¨	o�Á=ª�R!:;9§µ=Þ±k

9���!�©�-�£ðLw
.hX

èé£¤=�����Ïýô^9µ£ð[-.=�l¢Å

«����a��&L§=-]>ð½Ýª«a�2��&L

§=\È{aZU¶s���zôLÂ�¯�(Âm, 2008)X

�� +U����L\£ÀI=���\uÀI\Lñò£�

��^9£ðµ>óò£���^9=ô3Å«����I>\

uø\ñò£���L¯�=§µ��´
���^9(¾m , 

2008�õm, 2006)X

þ��þ��þ��þ��zzzz������	��������	��������	��������	�����K����K����K����K�!"#!"#!"#!"#

ö�ù�èé�Íß£¤��k�\k9���K�Z�ð

½k�L�÷{T£ð(Magkos et al., 2003�Diane and John, 2002�



14

ø, 1998)=Þß�èé'W=�� +Lk�©�]µL�ùú Cz

ûz���^9=l¢8°�	5jé�L�®^9(Worthington, 

2001; °m, 2001)=îË}�=\¼��� +LC	z=üý5

Lsþ	ð-]>ð½���3£L�Á(Mitchell et al., 2007)=£

¤�� +zLk�=ß©��wqp
X�'w=\¼�L��

 +��z=� k9µ����µL��=\`���TÛ�ÍL

Å�9=;5Lo(\>9�LÅ���=¹º��®½}�X

þ��þ��þ��þ��zzzz�¢�c��\�	��!�«�¢�c��\�	��!�«�¢�c��\�	��!�«�¢�c��\�	��!�«

Èz×���!Ì���«

�¡�Ç(electromagnetic energy)ò4\�È	øüï¢=�

k�34(reflectance)z��(transmittance)�ª[(absorption)��

�«X���ßI«R��	ú	ø34��4¡�ÇLS2X

¡�Ç*o¼!TlU�ßaw¡ozgozØrËwz34r

ËwzU´×zvËwzX 4wmX�«>��L�p34×�

o�
�vË×(< 400 nm)zU´×(400�700 nm)zsrË×(700

�1300 nm)�5rË×(1300�2500 nm)m=\±mo��z¡

ã�§	�U��W�ãL34×�p�ãw(Fuchs, 1990)X×�

���I«�	\©o�L34=��WTl	�¡ãz½��



15

¼¾Ö�����§@mX

×���!�«zï�ËX\¥¦��Z�§�§	��z

¡ã���¡-��zlø��z����z�§I«z� �

¨{z§D��ð�lð�l�mX\�	�kZ=!��	�

��ï�z��"�z�¼¾Özk9#�z$¦����½�

�mÇE=l¢U�«>§½�=k�äÖ%&z�
�

I«z�§���§û«-m«'X

×���\�øï!�«=�>��
ð!y�=I«\

U´×@�srË×@34×�L34UU«>@Ã�üL��

	^9�l�^9(Krishnan et al., 1980; Kano et al., 1985; Dalal 

and Henry, 1986; Henderson et al., 1989; Henderson et al., 1992; 

Sudduth and Hummel, 1993)�I«(6rËw")U«>@Ã��

��*óXY�g§DÉ+LH��� (Lillesand and Kiefer, 

1994)��«go8U@Ã�ül^9(Ulaby et al., 1974; Bernard et 

al., 1982; Ulaby et al., 1983)z�üó,a(Ulaby et al., 1978; 

Choudhury et al., 1979)z��ð§(Ulaby et al., 1978)mop
ðL

H���X

\�	�¼�k9øï=Î«Lo�G!×(green, G; 520�

600 nm)zr×(red, R; 630�700 nm)zsrË×(near-infrared, NIR; 



16

700�1300 nm)ß�(Leblon et al., 1991; Benedetti and Rossini, 1993; 

Ma et al., 1996�Á=1999)X\U´×@ÏsrË×@L34×�

Uã«>�	§ü-�Y(Huete, 1987; Maas, 1998)z ï�'b

(leaf area index, LAI) (Pollock and Kanemasu, 1979; Gardner and 

Blad, 1986; Peterson et al., 1987)z !"^9(Thomas and Gausman, 

1977; Ercoli et al., 1993)z¡R��¾	(Al-Abbas et al., 1974; 

Milton et al., 1989; Milton et al., 1991; Adams et al., 1993; Blackmer 

et al., 1996)z¨.$¦(/Ï0=1998)��	k9(Kanemasu et al., 

1990; Thenkabail et al., 1994)!#�XîË\5rË×@L34×

�U«> Tl�^9�(Inoue et al., 1993)XÕØrËw")U

«>@��Sl�$¦1½L@2 (Jackson, 1982; Inoue, 1990)X

go!U«>#� ï�'b (Ulaby et al., 1983; Prevot et al., 

1993)XYoderÏ Pettigrew-Crosby (1995)I« T�¡ã> 400�

2500 nm L34×�
&A�¡	ø\ô"� !"!^9� 

aL#�:tX

�z¡�'b

¡�'b(vegetation index, VI)ß¡ã×�p�!b�l�=�

Õ×�p�#��	¡ãË�	�
¾=±Èb�l�©�¹�

2Tl¥¦¾	×���U!ÎÇ=�3®�	�¼¥¦�÷v
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K!×���U�÷X«Ê¾$¡�'bG��6"^9#$!

o�=C4�6"^9©�µnRa=�TÝ�;ùÞÎ"#X

-���="#]�o�34Y!�pÞÎ�ß©�6"X¡�

'b¾$�t!Sb=Í�O!×zr×�srË×mo�54

UXÞ!6¡	�ª[6×zr×��734srË×!p
=

U«>¡	
�!y�=�Íª«U´×�srË×!ÒU��

U=L;Gr×�srË×o�ß�X�!6¡	�¼89:=

;ª[!r×8Í=�34!srË×8�=r×�srË×!

��8�(Price and Bausch, 1995�Green et al., 1997�sm=1996)X

Õ¡ã34×�L��=}�Tlo�34ÒULS2��	L

��3���¼¾	�ù;.h(Bauer, 1975�Walburg et al., 

1982�Ma et al., 1996�Masoni et al., 1997)=�GTlo�34Ò

Uj¾$!©�¡�'b!�S¡ãL}��Y<=9=� ï

�'bzRµzl�^9z�ð9(biomass)z6"^9zñ>?

YKz üïp�� T\%Ivm!"#=±
ðUI«>�

	¡ãL��}�"�L@(Kanemasu, 1974�Tucker, 1979�

Elvidge and Chen, 1995�Price and Bausch, 1995)X(qü 1)ßÕ+r

×�sr×o�¾$!@�Î´¡�'b (Elvidge and Chen, 

1995)=]Îª«L¡�'bGÎÖ2�÷¡�'b(normalized 
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difference vegetation index, NDVI)ß�XNDVIËA�«>��B

#!6¡	!×5�«z¡	!-�Y��ð9mXsm(1996)

C«y� SPOT DE")Êh#FG¡	 NDVI !SH�GI�

�Jßì@=I«§K�`! SPOT DE")¾$LM@M!¡

ã¡�'bz92LM@M�;¡�æ�CD=À5bM§D�

�=§é¡�æ�@M
�=�ßLM§½��N�B#!«

(Yang et al., 2002�Ám=2000)XI« NDVIÊ¼�½OFGP�

�Öåær{�;§ï¡ã!SH (Oechel and Reid, 1984; 

Jakubauskas et al., 1990)z;4QÀI!S2(Malanson and Trabaud, 

1987)z;�R�kg!åæ(Specht, 1981)��Öåæ!Xa�:

t(Viedma et al., 1997)mXChoudhury (1994)�« NDVIÊh#¡

�!S}ö9XMojarro (1988)G NDVI�ß3�¨	ðk9!'

¹=� Gilbertm(1990)8I« NDVI��TU�V½L{aXCihlar

m(1991)�«¡�'b NDVI Ê½��Ö�\¡	�¼CD�À

\S}ö9LS÷X©¡�'b�Kß��§ï�	©�p


Lop'¹=�ãËA�«X(;ä¡�'b!�t=;WñXü

´qü 1) 

�z !"�×���#$
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×Ç\ã¡	I«�=mnC4ãª[=Þ±Ûp�ª×L

�Î<�=±ª×�ÎYß6"(pigment)X!6¡	L T^�

�9L×56"(photosynthetic pigments)=¤¥ !"(chlorophyll, 

Chl)ÏZ[\"(carotenoid, Car)=Ç��§ª[U´×L%�o

���×5�«=D×ÇlSß2�ÇGéI«X !"�pª

[6×�r×��×5�«Gk�Ç9=>]^sr5=Chl aL

_áª[`(peak)LMV��E 430 nm� 660 nm�� Chl bL_

áª[`!ß 435� 643 nm (G=1984)XChl a� Chl b�6×�

r×o�©�Bµ!×5��
=� 500�600 nm!!×j©L

×5��
!B°XÕ> !"�6×�r×!ª[p
=3�

\�aZ�b_ß?´j´!!6¡	XÕGZUc=!6¡	

 T\U´×o�L34×��p�S !"ª[!"#X

 !"^9LÍ�²³"#×5�«ÇgLµ°=;^9!

S283�W¡	xà!��¾	X¡	 TL !"^9TÝ

\TlL}�"��jS2=\u2Lr{58� §8ê6"

^9��SÖ6Xd ¡	\e÷ Tu2r{5=; T6"

ð9k�S2= TÖ6Þ�lS(Hendry et al., 1987�Matile et 

al., 1989�Matile et al., 1992)X¡	f�$¦¢=g�hlz¨.z
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µ°?z®ìr�¼i½¢= T6"^9�Ö6S2�OAu

2¢!CD-j(Hendry et al., 1987)XÞ±= !"^9U�ß!

�×5�«Çgz�¼}�"�z�kg�$¦�½!��'¹

(Whittaker and Marks, 1975; Danks et al., 1983)X

 !"^9!� Îß»¼
(destructive)L��øy=G

��sr�� T6"`îG�××a¾�ª[U¾$�F

(Arnon, 1969; Porra et al., 1989; Yang et al., 1998)X¢�öu=º»

¼
� T6"^9!���kX}~5=]Î«!øyßG

 T�¡Q34×�Ê#$6"^9(Baret et al., 1987; Baret et al., 

1992; Buschmann and Nagel, 1993; Chappelle et al., 1992; Curran et 

al, 1991; Gitelson and Merzlyak, 1994a, b; Thomas and Gausman, 

1977)X��Lèé5=�pG !"r×�ª[o� 675 nmlm

!æÈ34Y¾$ !"^9(Benedetti and Swidler, 1961; Inada, 

1964; Takano and Tsundo, 1970; Wallihan, 1973; Hardwick and Baker, 

1973; Macnicol et al., 1976)XsÊ!èé!GTlo�34Y¾$

¡�'b`#$ !"^9=jª«!o�¤¥�!×zr×�

srË×o�(Buschmann and Nagel, 1993; Carter, 1993, 1994; 

Chappelle et al., 1992; Gitelson and Merzlyak, 1994a, b, 1996, 1997; 

Gitelson et al., 1996; Lichtenthaler et al., 1996; Thomas and Gausman, 

1977)X6×o�!]ê«>¾$ !"^9='b NPCI 
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(normalized total pigment to chlorophyll a ratio index)I«r×o�

�6×o�34Y=;¾$�tß NCPI = (R680-R430)/(R680+R430) 

(Pe�uelas et al., 1993, 1997)Xî Gierloff-Emden (1989)Lèé5G

 !"6×�ª[o� 440 nm�!×°ª[o� 550 nm!34

YÒU R400/R550¾$ !"^9X

«Ê#$ !"^9!¡�'b�pGr×�srË×o�

¾$�FX !"M>r×!ª[`o�Á\ 675 nm=±Èo�

!34Y8Î«>¾$¡�'b#$ !"^9(Chappelle et al., 

1992; Thomas and Gausman, 1977)XGitelson and Merzlyak (1994a, 

1996)G_�d 4n4�o4Lèé5='W 675 nmqso�3

4Y(R675)j¾$!¡�'bT9«>#$µ a! !"^9=

G R700�� R675¾$! SRVI�NDVI� !"^9�!©�µa

-.XîË\ºÍèé5£¤=G!×o�¾$!¡�'b8U

?ß !"^9L'¹(Buschmann and Nagel, 1993; Carter, 1993, 

1994; Gitelson and Merzlyak, 1994a, 1996, 1997; Gitelson et al., 

1996)XG log(R800/R550)¾$!¡�'bU?ß � TæM ï

� !"^9!'¹=î R800/R550ÒU� Chl a^98©�µ-.


(R2 > 0.88) (Buschmann and Nagel, 1993)XGÍ�a-.,!¡

	ß%&Lèé£¤=R750/R550 � !"^9©�µaL²w-
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.=�NDVIgreen!� !"^9©�µaL'bãw-.(Gitelson 

and Merzlyak, 1997)X

�zSPAD�«�	

SPAD-502EÕKonica-Minolta�p�kLÈqI«_po

¼(650nmÏ 940nm)!×w�� TG¾$;�×hb{l�K

 T !"^9L-�U!¡	��BX�wr�=U�G>�

�BX�{ìÂ¡	LôÛ�C	G���^ô9LÍ�X

®ì²³L� !"^9!Ë=SPADãËA�«>��

¡	\È�pC	zL¡	��3�=Âm(2007)I« SPAD!

×�Ê#�J  T5f�stuL{a�0m(2008)G SPAD�

����a���}v�¼��ðzk9L"#� Wu et 

al.(2007)!À5�Õ^9zSPADG�DEÚT�wxy��T

l
�zzLô���'w�{m(2007)!I« SPAD��|}\

~×¥¦z��ÎÇLS2CD�Paulo and Charles (2006)!��

ð SPADÏ¡	Ë�p�\üýZ��ô���L�Å�Netto et 

al. (2005)!G SPADL�U���5L×56"��-.hb

��=�±u`�U²³\��FS SPAD�U`=²³h�×

5�«-.6"L^9X
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ÕGZU}�=SPADL�«�pð�>;U�
G�BX

FSÀ�Lp
=\öuL��'w�5ßE��Î´L��r

�=�ÕA�;�U����!¡	p
?.,
L��=Uª

SPADLb+×��È)�~S;ùL¡	��-.'¹ZX
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þ��z%&�øy

þÈ�þÈ�þÈ�þÈ�zzzz'w§('w§('w§('w§(

    'w§(M>�o� �§@�_�`����k����

 r!���0E120o 43’, N24o 27’1=M>� 121��=���_

�!��§=§DÍ��m�=÷�¬ê�=�¹���5�%L

÷÷ãÖ=�s��§@Zz��a¨�ZÅ=�dïå8�ê=ß

@a�u!÷A¥¦=EÈ�x!���h�¥¦X

'w¢�ß 2009� 108� 128=��_�z!�  +=Õ

+÷��
&0Þ�o§@a��=��s�5� !bU?ß<

=1=�§§@ 2009� 108� 128!÷?ß 25.0 oCz21.6oCz17.1 oC=

¯�9ß 8.3mmz31.6mmz16.6mm=uÚ¢bß 217.7 hrz169.4 hrz

155.4hrX

�?¶�pG�Ô¡|  z}s¢z£¢zH° z

¤¥ züým�	��í�=¶Ë�@!GÏ¦z�¢z§¢zý

ÎzÀÚ z¡¨ z© zo zrª z« zµ¬ z¤°J

 z® z¯z°z�|�±²� mßí�	�X

þ��þ��þ��þ��zzzz'w%&���)*'w%&���)*'w%&���)*'w%&���)*,,,,

Èz�� +�����
ð!"#'w,
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>��5R³���� +�����t 1�z3�z5�

� 7 �L?¶0k 35 ´1G�¶Ëµ÷�@0k 24 @¶1��

��Zì=G¹����ì�=Z��H�Zìøt���ì 4

(=·5Ç¸=ZOA¹¨{º¢ÌÄ> 4oC »¼G¹º�9½

ô=���Gè¾¿À`G 20 mesh(ÁÂ 0.84mm)!��rÃ��

�rÃ=E�o@��q�����
ð��=��Nù¤^

��az¡(az��ð^9z���z��
�z��
�z

��
�zûzÄzsz¢G�b�o^�f"^9X,

,

�z� �� +����	��!"#'w

(È) <'��+A2 0Brassica chinensis Linn.1z}F 0Brassica 

rapa var. perviridis1zG�HIJ 0Brassica campestris L. 

ssp.1m���Ô¡|� X{n>��?¶Å�+�Æ�=

Á 2� 3Ç`UB¡X

(�) 'wZ¾+<'á��K 3�� � 4��� +��!�

@0R����������t 1z3z5� 7�!?¶=G

�������t 7�!¶Ë�@1=¾ 12�á�=ZJý

È�Z¾=3oÉ=îoÉ'@ï� 1.5m×1.5m=�RÊA2
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 Ï}F ß 2QËEQ��=HIJ ß 2LËEL��X

(�)  +��+A2 z}F G�HIJ n>��?¶Å�

+�Æ�=Á 2� 3Ç`UB¡X�&Å«Z«���&0p

R�Ì���&=Í�p�	|��Î�pÏv=��ð^

9 55ÐzN-P2O5-K2O ß 4-2.3-2=1=?¶Å«9ß 2 �Ñ/

�=¶Ë�@ß 4�Ñ/�(Þ?¶í�¬Y]¶Ë¬Ò=

ÓGA�«98ÖÅ«)=¡��V�Å«=Tî�%�X

¶Ë�@îË�G�o�!Ô+��¤!����-

�GÕÖìXB¡!`=îÇÂ��Èz��©5ÕN�

�X

(�) /0���+B¡`î× 5÷=R¼KØ¡R 6R=«Ù


ÚÈ( V=�9Rµ� SPADU={½��� pHU� EC

UXB¡` 21÷=Z[YÛo={�ì��f"z×56"z

���z34×�m��X�¡��[ï`=��Zú��

ì����wX

þ��þ��þ��þ��zzzz'w-./0��y'w-./0��y'w-./0��y'w-./0��y++++

ÈzRµ+

>Æ�B¡���`î×7u��Èz�9=îz�9
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��R�©�@�	©ÜR���9X�9V�ßO�üÉ

�¡RBZM ÝÞß
X

�z !"^9(SPAD)+

G Konica Minolta�pÏv! SPAD-520=�¡RBZM

Jý~à !ßÞ��!È%��9=>Æ�B¡���`

î×7u��Èz�9=îz�9��R�©�@�	©Ü

R���9X

�z V+

>Æ�B¡���`î×7u��Èz�9=îz�9

��R�©�@�	©�R���9=GJý~à �ß¾

b!V�X

�z���ì+

©'@>¡��Z[`=G¹����ì�>���å

MV�ì=·5Ç¸`¹¨{º¢ÌÄ> 4oC »¼G¹º�

9½ô=���Gè¾¿À`G 20 mesh(ÁÂ 0.84mm)!��

rÃ���rÃá�X

7z T34×���+

à�¡R~à ZÖ%= T34×�G�á��þ

(integrating sphere)  ¤ ! Hitachi U-3010 × � r
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(spectrophotometer)���X×�â�XYß 600 nm/min=

o��O 200� 900 nm=×�Â�gß 1 nmX�¢Gã

�äJÛß<=�ÒX T�34×�¢G å�!@2

ß�=34Yß T3454U�<=JÛ3454U!Ò

UX

ND705 ß I « R705 � R750 ¾ $ = ¾ $ ø t ß

ND705=(R750-R705)/(R750+R705)� NDbroad ß:P SPOT DEo

�=I«Ôo�¾$! NDVI=;5 Redß 610-680 nm=NIR

ß 790-890 nm (Hsu et al. 2003b)X

Üz !"�K�LÂk	L�+

Õ+ Yangm(1998)jA�!øy���=;)*���

z+

(È)  !"(Chl)�Z[\"(Car)L�

¡	ì�GxÖôæXçè={Gè¾éKñ�`��ç

è¨êXA`ë� 0.01 gì�ñ�=G 80%ìþ(acetone)��

6"=\ 4,500 rpmÍ° 5�í=�Zîx=G Hitachi U-2000

�××a¾(spectrophotometer)� A663.6zA646.6zA440.5Lª[

UX�<��ßChl azChl b�CarL�ª[áXGPorram(1989)
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L�t¾$ Chl a� Chl bL^9�G Holm (1954)Løy¾$

CarL^9X

(�) Tlï
LÂ	L�Í

Glø�[Pð(n-hexane)���ìþ��x·5=GKñ

�ò7·5`óV=²S3£�zX±¢Zzßï
]~L[

Pðz=zzßï
]�Lìþz=��^Tlï
L©6

"X

(�) ^¡ô�õ26"(phytylated or esterified pigments)L�

���já�r{![PðZzx� A661Lª[U=±ß

^¡ô6"L©5ª[U(Shioi and Sasa, 1986)XGª[U²³

Ò]X

(� ) ½¡ô�Éõ26" (dephytylated or nonesterified 

pigments)L�

���já�r{!zzxìþz� A666Lª[U=±�

ß½¡ô6"!ª[U(Shioi and Sasa, 1986)XGª[U²³Ò

]X

(7) PPIXzMGPP� PchlideL�

ìþzL A575zA590zA628!ª[U��E PPIXzMGPP

� PchlideLª[U=G Kahnm(1976)!�t¾$; aX
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(Ü) Chlide a� Chlide bL�

ìþzLA667�A650��E�½¡ôLChlide a�Chlide b

!ª[U=;¾$�tEÕ+� chlorophyllase ´
Løy

(McFeeters et al., 1971)X�øyG��K	 Chlide a� Chlide 

b Lª[U`I« Beer-Lamba �t�$W_�K	Lqö 

aX

(÷) MP CarL�

ìþzL A440.5 E-�ï
]�LZ[\"(MP Car)!

ª[U=îI« Holm (1954)� Porra (1989)mLøy¾$ MP 

CarL^9X

(ø) LP CarL�

D[PðzxøGô÷ù¨`=G 80%ìþ`�sÂ{Á

25�LL 12.5% HCl»¼ Chl`=� A665.4zA653.4� A470Lª

[UXA665.4zA653.4��EÉ½¡ôL Phe a� Phe bLª[U=

8I«�t�$W_	Lqö aXA470 E-�ï
]}L

Z[\"(LP Car)!ª[U(Lichtenthaler, 1987)X

÷z����+

Z« Walkley-Black úû2y (Nelson and Sommers, 
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1982)X�)*�z+

ë� 1–0.5 g��ì�> 500 mLüãý5=îÛHJ'

w=Áó 10 mL 1N!oþ��sx`�¸X��kXÁó 20 

mL ã�=óV 30�íX³ðîÁó 200 mLS�l� 10 mL 

85%��=�ç`�ÁÁ 30����'¤r=G 0.5Nèûs

x�X;Ö6S2Õ×�6� lß66îlß!6=�

µ�!6¢�tS�C(X¾$�t�z+

)(
1000

77.0
724.1

4000
120.1110)( 1

gswB
SkggSOC ××××�
�
�

�
�
� −×=⋅ −

SOCß�����^9=æMß g kg-1�%(w/w)�Sßì�!

èûsx�9(mL)�BßHJ'w!èûsx�9(mL)�

swßë�!��ì�o�1.0ßoþ��sx a(N)�1.724

ß���!l�hb(Van Bemmelen factor)�0.77ßxy!4

[YX

øzÄô9�

ZKjeldahl> 1883�}3!�	ôy�¡R5j^

!Äô9X¡R T�rxÖôá�{éÀ`=Gçè¨ê

�¨êJK!`=ë� 0.2
�ß=V> Kjeldahlô�5=

Áó�ì�m9! K2SO4:CuSO4·5	(10:1)(�ßf�r)G
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� 3 mL  ã�=�óµ?ÁØ�eG�Â(Jý�Â¢xø

�µ��3a6¾)X&�Âxç!`Áó 10 mLS�l=

�ó KjeldahlS��5=Áó 8 mL! 10N NaOHsx=ª3

�}�XÁó NaOH�=#n�áÈ 50 mLüDý=Áó 10 

mL 4Ð�� (H3BO3)=�_�·5'¤r (methyl red Ï

bromcresol green)=V>S��ç��zø={��å�>

��x�5X�àS�� �ªS÷�óç�=[úS�

x>�Ëý5=O��xS6`îS� 3 �ø=�W�Ëý

G 0.05N HCl �=	ú�9Xô"^9L¾$�t�z

(Glowa, 1974� G, 2000)+

ýô^9(mg/g dry wt.)�[(ì�YÍHJY)�9(mL�Ë

Q�QLË>K�,�,ì�o���

Iz���¡ø^�f"��(Walsh, 1955)+

ì��á�ZútÀ2yX

ë�Çð`!¡ø�ß�rÃ`!��ì�© 1.2 g>

100 mL�Â��5=Áó 15 mL �`====V¡�Û5=?

ÏL�� 30-45�í=ªÝû2!	ðý%û2X�gç

`=Áó 10 mL 70-72% r � (HClO4) !g��=���
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sxµa6�³sa6�� ùJ"k�X&�gç`=

Áó 10 mLl��G#õ$�!�û2ô"%X�È)ç

`=G&'r&(Öð(Û�×r{5&'E)�»)=îÁl

9� 100 mLX

!`*Ò*? 50gz150gz� 300gL�X�Ã=R

�©f"95!�ÃÒ*�ß��ì�=f"��ª«r�

ß Hitachi Z-2300ãÌÎª[×�rXFS!b+î*Ú�Ã

gb�$FSÌáì�!^9X

(+1+xøyÝÇFS>��û2��sWLo^�=ayû

2Jý!^�û2	X) 

(+2+GICP¹�sx=ñ�9�1000 mg/L¹��1 mL=G0.05 

N�sxÕ�100 mL=�ß¹�ÌxXª«¢îG0.05N 

�sx�ÃKjÛ a!¹�sxX) 

�zÚa�+

�¡��=R³È�÷bca,!u=\[d¢�(¹º

Zzd¢�Ì×Ú4Ëa!"#)G Lutron, LX-102 Light 

Meter�9©´?¶\G�¶Ë!×Úa=æM LUXX
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�ÈzvËw�+

�¡��=R³È�÷bca,!u=\[d¢�(G¹

ºZzd¢�Ì×Ú4Ëa!"#)�9©´?¶\G�¶Ë

!vËw�a=G Spectroline, DRC-100X Digital Radiometer

�9vËw�a=vËwo¼��ß+450z205z300z254

� 205 nm=æM �W/cm2X

��z�� pHU+

O �B¡���`î×÷u(^B¡�u)>îÈ'

w@2��Èz��Zì=��åZì({·5Ç¸=�m

ø�!S�lÇ¸·5`G Spectrum, IQ150 pH meter�9

����aX

��z�� ECU+

O �B¡���`î×÷u(^B¡�u)>îÈ'w

@2��Èz��Zì=��åZì({·5Ç¸=�mø

�!S�lÇ¸·5`=G Spectrum, Field Scout Soil EC 

meter�9;��¡(a=æM dS/mX
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þ��þ��þ��þ��zzzz½¾��½¾��½¾��½¾��

�Õ½¾¸ø SAS 9.1{t?½¾�� (SAS Institute)=Sø

��G GLM{-�£ð
�w�G Duncan-ÍS2�wy?©

ÞÎ\!ÇU�÷Ò]�Sb�!-.hbG CORR {-��£

ð
�wX  
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þ��zÀ��1�

þÈ�þÈ�þÈ�þÈ�z��������2
ð!"#��������2
ð!"#��������2
ð!"#��������2
ð!"#

Õ+�o�q�L���wÃT=*�� +���FS

(ü 1-1)�(ü 1-2)!À�=£¤T�?¶\�SË�@=��\�

r¼�L����!`=;��a�Z�L�����ðz��


�z��
�z��
�z��
����� +��� �

Á�ûL�8!{T3£Xg9^�f"Äz¢z.z/zþ�

���� +���Á�¯�L���s^9��� +���

 z¯�0LS2!T3£X\?¶\Ë�@L�÷Z=?¶\

��L¡(a���ð�µ>¶Ë�@�f"^9L%�=��


�z��
�z��
�z¢L^9\?¶\�µ>?¶Ë=

���
�zûzÄzsz0L^9!E¶Ë�@µ>?¶\=

;�!a3£!�÷X

\��� �¡��L�`=����ì��f"��=l

¢�9�����G�Äô!^9={�$�ôÒ=jFS!À

��(ü 2-1zü 2-2zü 2-3)=A2 LÀ�£¤=;��5L�

�û\¡`�]3£L8ê=���!�3£L�Á�}F L

À�£¤=;��5L±z�z���\�¡`�3£L�Á=
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�Ïû!�8êLC	=���!��� +��� �Á��

HIJ LÀ�£¤=�ÏûEW�8êLC	=���8�

�� +��� �Á=$5�ïèé�����������

�"#!èéÀ�X

±Ë=;�©��?¶�¶Ë�@��5f"!���L-

.hb��(ü 3-1 ~ ü 3-5)=j�'w@2L��Q£¤W�Ï

±L^9µ�£ð[-.=¢��L^9\È�?¶5µ�£ð

1-.=Þ\�z7�?¶5!µ�£ð[-.=Ä�¢L^9

\È��÷�!?¶5µ�£ð[-.=û�¢\È��� +

?¶��5µ�£ð[-.=û��\��?¶�� +?¶�

�5µ�£ð[-.=û�Ä\È������ +?¶���

µ�£ð[-.=s��\7��� +?¶��5µ�£ð[

-.=s�¢\7��÷��� +?¶��µ�£ð[-.=

s�û\7��� +?¶��µ�£ð[-.=���\��

�÷��� +?¶��µ�£ð1-.=��¢\���� 

+?¶��µ�£ð1-.=��Ä\È��� +?¶��µ

�£ð[-.=Þ\÷��� +?¶��µ�£ð1-.=

��s\÷��� +?¶��µ�£ð1-.=\���� 

+?¶��5ô��µ�£ð[-.=��z¢zÄzûzs
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µ�£ð1-.=\È��� +?¶��=�ôÒ��µ�£

ð1-.=Þ�¢zÄzû�µ�£ð[-.=\���� 

+?¶��=�ôÒ�¢µ�£ð1-.=���µ�£ð[-

.=\7��� +?¶��=�ôÒ�±z�µ�£ð[-.=

\÷��� +¶Ë�@��5=�ôÒ�¢£ð[-.X

¢�����©���@L���� pHU�LÀ�£¤

(ü 4)=Tl� ��!�{a£ð�÷=�¢B¡`àá�þ 14

÷!�LS28a£ð�÷
=A�\B¡`þ 21÷=GEZ

[�=����a�B¡���£ðLZ�=ô3\È¢��

È
L�����§=;����aU� Õ�
4æZ�X

\������ ECL�9À�Z0ü 51=B¡`SB¡ 14

÷!��a3£�÷=ÞZ[�(B¡` 21÷)�B¡���£ð

L¯°=£¤���g�<���	�¼ª[�8°X

þ��þ��þ��þ��z������������������	��!"#��	��!"#��	��!"#��	��!"#

û 1�û 15ß��� ����=B¡���`î×7u

�2Ú!¯ú=?¶%�>±���af�¼i½!34=¶

Ë�@Þ�sÇf{a�Ô¡|�	 �=�¡¢�Z8��ó

56=Ó�¡��{aW�¼i½}�!C	X
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\��/0Z=ÕRµÀ�(û 16)£¤=B¡`¡RRµ�

µw
�¼=²�B¡` 20u�ßá>Z���Xö��÷{T

£ð=÷��� +��!?¶5Rµ�]µL��=�¶Ë�

�÷��� +�@LRµ!�7°=h�UÇ�S]°?aL

"#X

Õ+ SPAD ��LÀ�(û 17)=]��� L���\B¡

`L 15utS���:L�¼µ`=£¤\ù�Z«L�+��

�Åz=��� �	L !"5K�Y\±¢tS©OLBµ

((A2 => 35~45�}F «tS 40 GZ�HIJ !=>

25~35)=±`�àá� z¯=Ó\¡	���(Z=±ßÅÁ%

�L<=¢�(=G¶ª¡R����´
�±Ë=SË� L

SPADbU3£�µ>¶\� =?¶\L×ÚaUÇ�S?¶Z

ÅL89"#;×5�«6"L5KX¶\?¶%�=\÷��

� +��L?¶=SPADbUÍ:Q;°��\È��� +?

¶L�	Z=; SPADU\Kå����L�z8¸a{T3£=

;ÌÞD�&�È)Ly1X

�< VL�¼¯ú(û 18)= VLS2�Tl���� 

+L.h{T3£=©�@!�L�¸���³s=l¢µ��

gL'b�Á��=±%�U\(û 1)�(û 15)LÚTZbßç



40

�=T�� �=\�¡��Kø¡R�¼XY�]n=S5

`�!Qµ�BX�¼LCD=²SZ[(B¡` 21 u)!�= 

VßÌ�Z�L��X

îÈøï=� T�¼�.LW XY!µ�pLS2(û

19)=\j�'wY5=B¡`�Á7u!\W XYQµ�=>

��?@LC	=5�h��EÆ�OAB5BW�¡S��

`=Õ�âÉJýA�=¡RLl�Ï��ª[Qá>TªL¾

Ö�l¢ÛD�Í����>§z%L�¼Z=Þ±vKW X

YL?@X±`²SZ[�A2 W XY{aW�3£L?

@�}F %�=®ì¶Ë÷��� +���@!Ë=?¶%

�LW XY�àáW�8@L����HIJ !\Èz��

�� +?¶G�¶Ë�@W�?@=7��÷��� +!�

ÈZ�X

\34×�L��À�Z(û 20)z(û 21)}�=T�?¶\

�¶Ë�@=U}�\U´×(500~600 nm)G�srË×Lo�%

�=���  TQ�]µL34YX÷��� +?¶L� =

\±�o�@2±];ù?¶� L34Y7µ(û 20)��¶Ë

L�  T34×�!°>?¶\<(û 21)X

Õ+Z[`FSLÀ�(ü 6)=}���� \¶ËLÛk9
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�¨k9�µ>\?¶5Lü�=Ûk9ZµW 1.0 ~ 2.0 kg m-2=

�¶Ë�@L¡ø^l9!�7°>?¶5=£¤¡	\¶Ë�

@L�¡¥¦z=�]µLk9ü��¨	ð¯�Ò*X;5A

2 LÛk9\©��?¶5=> 6.63 kg m-2� 6.83 kg m-2!

�=¶Ë!UtS 8.75 kg m-2!�=̂ l9!Q=> 96.0 ~ 96.5%�

}F !?¶\�� +Ûk9ß 4.92 kg m-2� 6.69 kg m-2=¶Ë

�@tS 7.00 kg m-2=¡ø^l9�d> 95%Zz�HIJ !

?¶\Ûk9=> 5.92� 6.83 kg m-2=¡ø^l9�\ 96%ZzX

ÕZ[L� ¡R��ÌÎª[×���FSLf"��ü

£¤(ü 7)=±f"\?¶5��� L^9=Í:�µ>¶Ë�

@j�¡<=l¢}F �HIJ L±^9�ð�� +?

¶L���Á��8êL�����^9\¶Ë�@L��� 

5=!��µ>�¡>?¶\L��=;5}F �HIJ L

�^9�ð�� +?¶L���Á��Z�!���\A2 

Ï}F 5=¶Ë �L�^9�µ>?¶\�¡��^9\¶

Ë�@L��� 5=^9�°>?¶\ +<�¢^9\©'

w�@���� !��a3£!�÷�Ä^9\¶Ë�@�¡

!� 5!3£µ>�¡>?¶\=�\©?¶!�=;^9�

ð�� +��!�Á��z¯L���\?¶\�¡!A2 
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�}F 5Lû^9µ>¶Ë�¡<=Þ\HIJ �5�÷{

T3£�s^9\©'w�@�©� �!�÷!T3£X

G Walkley-Black úû2y�FL� ¡ø���9£¤(ü

7)=\¶Ë�¡L��� !���9=�µ>�¡\?¶\<�

�G KjeldahlôyFSLÄô9!£¤(ü 7)=?¶\ËG�T

m�� +��!�L¡R^ô9��{T3£=Þ±=¶Ë

�@¡RL�ôÒ\��� 5�µ>\?¶\ �<X

¢� ¡RFSLf"^9j��!-.hb��(ü 8-1 ~ 

ü 8-5)!£¤=È��� +��?¶L¡ø5=s^9��^

9µ�£ð!1-.�ô^9��^98µ�£ð!1-.�ô

^9�s^9µ�£ð![-.X\±ôz�zs�<�W�N

CL-.
X\���� +��?¶!¡ø5=¢^9��^

9µ�£ð![-.�û^9��^9µ�£ð!1-.�ô^

9�s^9µ�£ð![-.X\7��� +��?¶!¡ø

5=±^9�s^9µ�£ð![-.=Þ�ô^9!µ�£ð

!1-.��^9��zÄzûL^9Qµ�£ð![-.��

^9�Ä�ûL^9�µ�£ð![-.X\÷��� +��

?¶!¡ø5=�^9�±^9µ�£ð![-.��^9�¢

�û^9�µ�£ð![-.�\÷��� +��L¶Ë�@
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j�¡L� ¡ø5=ô^9�Ä^9µ�£ð!1-.��ô

Ò!���¢Ïs!^9µ�£ð!1-.X

þ��þ��þ��þ��z34×��×56"\����Z!���«34×��×56"\����Z!���«34×��×56"\����Z!���«34×��×56"\����Z!���«

�� +��L�Á=\�  T34×�Z=>U´×�

srË×@L34YUµ�p¶·(û 20�û 21)={�×56

"^9S2!��È9(ü 9-1 �ü 9-3)XÕ(ü 10)!À�£¤=

nRo� XS2(610 nm ~ 680 nm)��� NDVIzSRVIz� SPADU

µï£ð-.��îÈnRo� XS3(790 nm ~ 890 nm)���

NDVIzSRVIUµ£ð-.=�NDVIzSRVIzNDVIbroad zSRVIbroad

m¡�'b� SPAD UU�ß�� +� u2� !"^9�

¸¯°¢L'¹X

Õ+º(2003)!èéÀ�£¤= !"�Z[\"-.2

5	!ï
� NDVI �£ð-.X\ !"-.25	øï=

PPIXzMGPPzPchlidezChlide a� Chlide bm !"L�:	ð

Q�>a¡ôD! dephytylated6"=;ï
]��]Ýs>lX

Chl azChl bzPhe a� Phe b!Q�>^�¡ôD! phytylated6

"=;ï
]}�E²Fs
X±2�ÀIL�÷vK�¡ôD

L !"-.25	� T34×� NDVI !:;a]�X\x
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'w5=�� +�  T6"^9�¡�'bm!-.hb(ü

11)=¡�'b NDVI� SRVI� Phe a/bµ�£ð-.X

\?¶\Ë���������p
�f"^9!�j��

LSø��À�Z(ü 12-1)z(ü 12-2)£¤=����!����

���a���
�z��
�zÄz¢L^9µ°µï£ð-

.=ô3¼����������
L��_<!��-�L.

,
XÞîÈøï=À�8£¤?¶\Ë�@!Þ""#��


ð(?¶\Ë�@���¡(az��ð^9z��
�z��


�z��
�z��
�zûzs^9�µï£ð-.)!.,


Äµ=UF�È)Ly1;5�÷�ÌÞX

I«34×�¾$¡�'b=º»¼
§#$ T6"^9

!S2=��½��	�¼¾	=><¿����Zß©�«À

g!øyX

þ��þ��þ��þ��z�����������������������!"#�������!"#�������!"#�������!"#

Õü4Tl������?¶\�¶Ë�@� �����

�pHU!S2��������Á�� ¯°=�7������

�!�@ô±4�=ü2-1 ~ü2-35SOC^9G5�������

?¶�@!SOC^9tB�X
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Õ+·m(2008)!èé=G§!SOC^9�pHU�ß1-

.=£¤���
{aÊO���XHIÕ%�Ã�W�
	ð=

Þ±��	ð����8Í=ÕÈ¥¦8;�
(·m=2008)X]

ìLÀ�Çô3HIU�rÕÈJ¯L'Â=D×5�«k	Ã

�S��5(Richert et al., 2000)=�ÁSOC^9XZ���8Uô

3\�����5=��L��a������9�L.h�n

�!èéÈ9X�ÚTl�� +��?¶!�L����aS

2��(ü4)������9(û22)L�S=U}�\������

7�¢=����a�;°=±¢L�������9EBµ=

£¤���
{aUÇ����L�Ç9-.X±Ë=\K�l

�¥¦=L�'w!Â9ß23.28 Mg CO2 ha-1 (2007�78�2008

�58)=ü�20 cm���^9ÆÇß45.8 g kg-1=Õ(ü2-1)z(ü

2-2)z(ü2-3)5=Tl������?¶@=�¡È�� �`ü

�20 cm\!������ÁÁ1~9 Mg ha-1=-�>Âì3.7~33 

Mg CO2 ha-1XTl�� +��(1~7�)?¶@��UÃÄSOC9

Á31~56 Mg ha-1=-�>114~206 Mg CO2 ha-1X¼�Å�����

î�ÆÇUÂ14 Mg CO2 ha-1={>�È����5~7�`=tS

B�SOCÃ9X3£§=\ÉÊhË����UtSCO289z§

���²�§Ì�mÍoÎÇ=\k9z�ð�¥¦Ì�z
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ÐÈ��!�ÑSÆÒ(X

SOC Ê�¤^§Zz§z%�RG�ÕÈJ¯m(Johnson et 

al., 2006)=

;^9�<���ÂÇg!"#ÞÎ-�Í=¤^��
ðz

¡	�	9z÷���kr{!��(Lemus and Lal, 2005)=ßÉ

ÊUFMÈy1!��X

þ7�þ7�þ7�þ7�z�������������������� CO289!:;89!:;89!:;89!:;

x^jy1L����ÝßWalkley-Black úû2yj#¾

!SOC^9=�ºÍ�ïèé'W±øyj�9!���ÝÇ�

üUû2���={TÇ�ü��Kø!���(Chen et al., 

2004)=Þ±ÉÊC4N�;ù����'¹=*�g�	��Ä

�^9(C%)=ôÇ«JKLìÂ��5©���\¢�ZLäÖ

S2��p�È)Oî�"Ê��y1����!:;=C4�

9� ���\©¢�!�13C=�r;S2#¾¡	!:;{a

(Balesdent and Balabane, 1992; Sá et al.2001; Liang et al., 2002)XG

�ï'w!À�ÁG<Ú=�����>�÷CO289E-���

f=PPµ>��'w�l���7.5-12 g kg-1=�7�Q�+

§Rj=�����������-��L�f(Chen et al., 
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2007)=;���^9Pµ>È�.Slê�ü�L41 g kg-1 (
&

�O,T�/�)X¤^ã[ï!§Z%:;=�È��¼¾Ö!

B��	9=G¡	ÆÇÄ�^9(C%)#$=K�l���Uh

V!ìWÂ�9��ß7.55�4.71 Mg ha-1=-�>27.7�17.3 Mg 

CO2 ha-1(·m, 2008)�GX�G�%��¼9¾$=�É¾$ÕÈ

Â�=#¾G§CO2Ç�Â9Áß7.45-14.9 Mg ha-1 yr-1=ß°>

¼������@��XZ������=î��êUÂ6~15 

Mg ha-1 yr-1=}GCO2 89Kxî�Y-�Z6.6f#$=©Áß

î�-�Z3.6[�9[f=±%�ÉÊ}\ó3��]!�Ý=

�>òó��� +��<8EU�L[óX
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û 1z7��� +?¶�@A2 B¡`L��CDX(A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u) 

û 2z7��� +?¶�@}F B¡`L��CDX(A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u)

A. B.

C. D.

A. B.

C. D.
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û 3z7��� +?¶�@HIJ B¡`L��CDX(A.B¡` 5u; B.B
¡` 10u; C.B¡` 15u; D.B¡` 20u) 

û 4z5��� +?¶�@A2 B¡`L��CDX (A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u)

A. B.

C. D.

A. B.

C. D.
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û 5z5��� +?¶�@}F B¡`L��CDX (A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u) 

û 6z5��� +?¶�@HIJ B¡`L��CDX (A.B¡` 5u; B.
B¡` 10u; C.B¡` 15u; D.B¡` 20u) 

A. B.

C. D.

A. B.

C. D.
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û 7z3��� +?¶�@A2 B¡`L��CDX (A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u) 

û 8z3��� +?¶�@}F B¡`L��CDX (A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u) 

A. B.

C. D.

A. B.

C. D.
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û 9z3��� +?¶�@HIJ B¡`L��CDX(A.B¡` 5u; B.B
¡` 10u; C.B¡` 15u; D.B¡` 20u) 

û 10z1��� +?¶�@A2 B¡`L��CDX (A.B¡` 5u; B.B
¡` 10u; C.B¡` 15u; D.B¡` 20u) 

A. B.

C. D.

A. B.

C. D.
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û 11z1��� +?¶�@}F B¡`L��CDX (A.B¡` 5u; B.B
¡` 10u; C.B¡` 15u; D.B¡` 20u) 

û 12z1��� +?¶�@HIJ B¡`L��CDX(A.B¡` 5u; B.
B¡` 10u; C.B¡` 15u; D.B¡` 20u) 

A. B.

C. D.

A. B.

C. D.
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û 13z7��� +¶Ë�@A2 B¡`L��CDX(A.B¡` 5u; B.B¡
` 10u; C.B¡` 15u; D.B¡` 20u) 

û 14z7��� +¶Ë�@}F B¡`L��CDX (A.B¡` 5u; B.B
¡` 10u; C.B¡` 15u; D.B¡` 20u) 

A. B.
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B¡` 10u; C.B¡` 15u; D.B¡` 20u) 
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^¡`+y = 0.9304Ln(x) + 1.5583  R2 = 0.8822 
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ü G_>z>�������?¶�@��f"^9!-.hbijX,

 Na K Mg Zn Mn Fe Cu C N C/N ratio
Na --- 1.00*** 0.52� �0.29 -0.19 -0.04 -0.76 -0.20 0.04 -0.27 
K --- 0.52 -0.29 -0.19 -0.04 -0.76 -0.20 0.04 -0.27 

Mg   --- -0.95* -0.87 -0.85 -0.93 -0.79 0.62 -0.95* 
Zn   --- 0.97* 0.97* 0.84 0.91 -0.55 1.00*** 
Mn    --- 0.98* 0.78 0.98* -0.38 0.97* 
Fe      --- 0.68 0.93 -0.51 0.97* 
Cu       --- 0.76 -0.35 0.83 
C       --- -0.18 0.90 
N         --- -0.58 

C/N          --- 
*=**=***��ß 0.05=0.01=0.001£ðl�
,

ü G_EzG�������?¶�@��f"^9!-.hbijX,

 Na K Mg Zn Mn Fe Cu C N C/N ratio
Na -- 1.00*** 0.91 0.86 0.81 0.90 0.65 -0.88 -0.85 -0.75 
K -- 0.91 0.86 0.81 0.90 0.65 -0.88 -0.85 -0.75 

Mg   -- 0.99** 0.91 0.95* 0.90 -1.00** -0.99** -0.92 
Zn   -- 0.87 0.91 0.90 -1.00*** -0.98* -0.97* 
Mn     -- 0.99** 0.91 -0.87 -0.94* -0.71 
Fe   -- 0.88 -0.92 -0.95* -0.77 
Cu       -- -0.89 -0.95* -0.84 
C        -- 0.98* 0.96* 
N        -- 0.91 

C/N        -- 
*=**=***��ß 0.05=0.01=0.001£ðl�
,

ü G_GzL�������?¶�@��f"^9!-.hbijX,

 Na K Mg Zn Mn Fe Cu C N C/N ratio
Na -- 1.00*** 0.44 0.53 0.81 0.21 0.22 0.86 0.41 0.96* 
K -- 0.44 0.53 0.81 0.21 0.22 0.86 0.41 0.96* 

Mg   -- 0.98* 0.84 0.93 0.95* 0.05 -0.55 0.63 
Zn   -- 0.91 0.94 0.95* 0.20 -0.40 0.72 
Mn     -- 0.74 0.75 0.58 -0.01 0.93 
Fe     -- 1.00*** -0.07 -0.57 0.45 
Cu     -- -0.08 -0.59 0.46 
C        -- 0.80 0.80 
N         -- 0.27 

C/N          -- 
*=**=***��ß 0.05=0.01=0.001£ðl�
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ü G_KzN�������?¶�@��f"^9!-.hbijX,

 Na K Mg Zn Mn Fe Cu C N C/N ratio
Na -- 1.00*** 0.97* 0.59 0.76 0.51 0.80 -0.84 0.13 -0.86 
K -- 0.97* 0.59 0.76 0.51 0.80 -0.84 0.13 -0.86 

Mg   -- 0.75 0.88 0.58 0.91 -0.94* -0.01 -0.89 
Zn    -- 0.94* 0.41 0.95* -0.92 -0.58 -0.58 
Mn    -- 0.67 0.95* -0.99** -0.26 -0.82 
Fe      -- 0.43 -0.62 0.44 -0.87 
Cu       -- -0.98* -0.41 -0.71 
C     -- 0.24 0.84 
N         -- -0.33 

C/N          -- 
*=**=***��ß 0.05=0.01=0.001£ðl�
,

ü G_LzN�������¶Ë�@��f"^9!-.hbijX,

 Na K Mg Zn Mn Fe Cu C N C/N ratio
Na -- 1.00*** 0.40 0.65 0.25 0.11 -0.87 0.10 -0.38 0.56 
K -- 0.40 0.65 0.25 0.11 -0.87 0.10 -0.38 0.56 

Mg   -- 0.47 -0.78 0.42 0.09 0.71 0.45 0.49 
Zn    -- -0.04 -0.49 -0.53 0.73 0.38 0.99** 
Mn     -- -0.40 -0.69 -0.65 -0.71 -0.12 
Fe      -- 0.21 -0.30 -0.35 -0.52 
Cu       -- 0.19 0.58 -0.43 
C        -- 0.88 0.80 
N         -- 0.49 

C/N         -- 
*=**=***��ß 0.05=0.01=0.001£ðl�



71

ü KzTl������?¶\�¶Ë�@� ������ `aUX,

   B¡`÷b

� 
�� +

��
þ 1u þ 7u þ 14u þ 21u

1 6.09  6.36 6.45 6.56  
3 6.35  6.30 6.34 6.40  
5 5.89  5.73 5.78 5.70  

?¶

7 6.80  6.77 6.89 6.90  
A2 

¶Ë 7 6.16 6.26 6.18 6.49 
       

1 6.09  6.35 6.13 6.35  
3 6.35  6.28 6.35 6.36  
5 5.89  5.96 6.01 6.10  

?¶

7 6.80  6.78 6.90 6.77  
}F 

¶Ë 7 6.16 6.15 6.11 6.20 
       

1 6.09  6.26 6.25 6.49  
3 6.35  6.24 6.34 6.45  
5 5.89  5.99 5.89 5.98  

?¶

7 6.80  6.76 6.75 6.84  
HIJ 

¶Ë 7 6.16 5.92 6.12 6.03 

LSD0.05  � � 0.069    
B¡u 0.079    
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ü LzTl������?¶\�¶Ë�@� ������ bcUX,

   B¡`÷b

� 
�� +

��
þ 1u þ 7u þ 14u þ 21u

   --------------- dS/m --------------- 
1 0.37  0.32  0.31  0.24  
3 0.37  0.42  0.42  0.30  
5 0.53  0.63  0.61  0.61  

?¶

7 0.73  0.57  0.63  0.49  
A2 

¶Ë 7 0.35 0.36 0.29 0.32 
       

1 0.37  0.27  0.33  0.31  
3 0.37  0.46  0.41  0.31  
5 0.53  0.45  0.38  0.37  

?¶

7 0.73  0.79  0.73  0.63  
}F 

¶Ë 7 0.35 0.37 0.38 0.23 
       

1 0.37  0.33  0.34  0.27  
3 0.37  0.44  0.42  0.29  
5 0.53  0.46  0.52  0.36  

?¶

7 0.73  0.65  0.68  0.52  
HIJ 

¶Ë 7 0.35 0.47 0.47 0.32 

LSD0.05  � � 0.04    
B¡u 0.046    
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ü MzTl������?¶\�¶Ë�@� k9z^l9� defgUX,

�� +��
k9

(Ûo) 
k9

(¨o) ^l9 SPAD 

  -- kg m-2-- -- g m-2-- ---%--- 
     

A2 ?¶ 1 6.71 246.29 96.33 35.78±1.89
 3 6.83 247.84 96.37 37.20±1.04
 5 6.63 253.28 96.18 35.18±1.91
 7 6.63 251.69 96.20 35.25±1.66

¶Ë 7 8.75 341.54 96.10 38.70±2.19
      

       
}F ?¶ 1 4.92 257.80 94.76 40.95±1.80

 3 6.69 302.40 95.48 42.62±1.81
 5 5.85 270.71 95.37 40.87±1.44
 7 5.21 269.16 94.83 39.75±1.92

¶Ë 7 7.00 341.17 95.13 44.05±1.65
    

     
HIJ ?¶ 1 6.45 250.30 96.12 28.67±1.11

 3 6.83 245.03 96.41 29.67±1.70
 5 5.92 254.51 95.70 30.22±1.94
 7 6.37 251.60 96.05 29.48±1.50

¶Ë 7 7.36 335.95 95.44 31.03±2.06

LSD0.05 Ûo vs� 0.66    
Ûo vs�� 0.85    
¨o vs� 1.34    
¨o vs�� 1.73    
l� vs� 0.39    
l� vs�� 0.50    

,
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ü O_>z>�������?¶�@� ¡Rf"^9!-.hbijX,

Na K Ca Mg Zn Mn Fe Cu C N C/N ratio
Na --- -0.02 0.56 0.92 0.89 0.96 -0.70 0.04 -0.44 -0.01 -0.64 

K  --- -0.84 -0.42 0.43 -0.31 -0.70 -1.00** -0.89 -1.00* 0.78 
Ca   --- 0.84 0.12 0.77 0.21 0.85 0.50 0.82 -0.99 
Mg    --- 0.63 0.99 -0.35 0.44 -0.05 0.39 -0.90 
Zn     --- 0.72 -0.95 -0.42 -0.80 -0.47 -0.23 
Mn      --- -0.47 0.33 -0.17 0.27 -0.84 
Fe       --- 0.68 0.95 0.72 -0.10 
Cu        --- 0.88 1.00* -0.79 

C         --- 0.90 -0.40 
N          --- -0.76 

C/N           ---- 
*=**��ß 0.05=0.01£ðl�
,

,

,

,

,

,

,

ü O_EzG�������?¶�@� ¡Rf"^9!-.hbijX,

 Na K Ca Mg Zn Mn Fe Cu C N C/N ratio
Na --- 0.37 0.20 -0.87 -0.88 -0.94 -0.12 -0.97 -0.71 -0.99 0.99 
K  --- -0.83 0.14 0.12 -0.022 0.88 -0.6 -0.92 -0.51 0.21 

Ca   --- -0.67 -0.65 -0.53 -1.00* 0.058 0.55 -0.055 0.37 
Mg    --- 1.00* 0.99 0.6 0.71 0.26 0.78 -0.94 
Zn     --- 0.99 0.58 0.72 0.28 0.79 -0.95 
Mn      --- 0.46 0.81 0.41 0.87 -0.98 
Fe       --- -0.15 -0.62 -0.03 -0.28 
Cu        --- 0.87 0.99* -0.91 
C         --- 0.80 -0.58 
N          --- -0.95 

C/N           --- 
*=**��ß 0.05=0.01£ðl�
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ü O_GzL�������?¶�@� ¡Rf"^9!-.hbijX,

 Na K Ca Mg Zn Mn Fe Cu C N C/N ratio
Na --- -0.95 -0.81 -0.81 -0.25 -0.83 -0.77 1.00* -0.58 -0.71* 0.39 
K  --- 0.60 0.60 -0.06 0.62 0.54 -0.97 0.80 0.89 -0.10 

Ca   --- 1.00** 0.76 1.00** 1.00* -0.77 -0.01 0.17 -0.85 
Mg    --- 0.76 1.00* 1.00* -0.77 -0.01 0.17 -0.86 
Zn     --- 0.75 0.81 -0.17 -0.65 -0.51 -0.99 
Mn      --- 1.00 -0.78 0.02 0.19 -0.84 
Fe       --- -0.72 -0.08 0.10 -0.89 
Cu        --- -0.64 -0.76 0.32 
C         --- 0.98 0.53 
N          --- 0.37 

C/N           --- 
*=**��ß 0.05=0.01£ðl�

,

,

,

,

,

,

ü O_KzN�������?¶�@� ¡Rf"^9!-.hbijX,

 Na K Ca Mg Zn Mn Fe Cu C N C/N ratio
Na --- -0.52 0.88 1.00* 0.83 0.96 0.89 -0.32 0.76 -0.48 0.66 
K  --- -0.05 -0.47 0.05 -0.25 -0.07 0.97 -0.95 -0.50 0.30 

Ca   --- 0.90 1.00* 0.98 1.00* 0.18 0.35 -0.84 0.94 
Mg    --- 0.86 0.97 0.91 -0.26 0.72 -0.53 0.70 
Zn     --- 0.96 0.99 0.27 0.25 -0.89 0.97 
Mn      --- 0.98 -0.02 0.53 -0.72 0.85 
Fe       --- 0.15 0.37 -0.83 0.93 
Cu        --- -0.86 -0.68 0.50 
C         --- 0.21 0.01 
N          --- -0.98 

C/N           --- 
*=**��ß 0.05=0.01£ðl�
,
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ü O_LzN�������¶Ë�@� ¡Rf"^9!-.hbijX,

 Na K Ca Mg Zn Mn Fe Cu C N C/N ratio
Na --- -0.31 0.75 0.11 0.95 -0.98 -0.84 0.88 0.74 0.99 -0.92 
K  --- -0.86 -0.98 -0.60 0.12 -0.25 -0.72 0.41 -0.17 0.65 

Ca   --- 0.73 0.93 -0.61 -0.28 0.98 0.12 0.65 -0.95 
Mg    --- 0.43 0.08 0.45 0.57 -0.59 -0.04 -0.48 
Zn     --- -0.87 -0.62 0.99 0.48 0.89 -1.00* 
Mn      --- 0.93 -0.77 -0.86 -1.00* 0.83 
Fe       --- -0.48 -0.99 -0.91 0.57 
Cu        --- 0.33 0.80 -1.00* 
C         --- 0.83 -0.43 
N          --- -0.86 

C/N           --- 
*=**��ß 0.05=0.01£ðl�
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ü P_>zTl������?¶\�¶Ë�@A2 Z[¢×56"^9X,

?¶ ¶Ë

�� +�� 1 3 5 7 7 
SPAD 35.78 37.2 35.18 35.25 38.7 
Chla 8.16×103 8.76×103 9.03×103 7.69×103 8.77×103

Chlb 3.44×103 4.34×103 4.50×103 3.32×103 5.09×103

Chla+b 11.60×103 13.10×103 13.53×103 11.01×103 13.86×103

Chla/b 2.4 2.08 2.03 2.34 1.78 
Car 4.70×103 4.78×103 4.85×103 4.50×103 4.96×103

Car/Chl 0.41 0.37 0.36 0.41 0.36 
Phy 457.51 520.07 578.98 501.88 560.09 

Dephy 127.93 134.06 143.42 117.04 186.2 
Phy+De 585.44 654.13 722.4 618.93 746.29 
Phy/De 3.68 4.06 4.13 4.25 3.02 
PPIX 1066.51 1133.91 1288.68 1045.97 1397.43 

MGPP 703.8 748.15 801.82 724.67 1098.58 
Pchlide 544.47 497.23 515.62 453.63 731.87 

total 2314.77 2379.29 2606.12 2224.27 3227.87 
PPIX% 46.4 47.84 49.4 46.95 43.29 

MGPP% 30.19 31.24 30.78 32.61 34.06 
Pchlide% 23.41 20.92 19.82 20.44 22.65 
Chlide a 1.72 1.78 1.89 1.57 2.45 
Chlide b 1.31 1.34 1.42 1.19 1.98 

Chlide a+b 3.03 3.12 3.31 2.76 4.44 
Chlide a/b 1.31 1.33 1.33 1.32 1.24 

Phe a 1711 2038 2384 2035 2163 
Phe b 564 737 850 741 906 

Phe a+b 2275 2774 3234 2776 3068 
Phe a/b 3.03 2.77 2.81 2.74 2.39 

Chlide/Phe a 1Ë1QÍG 0.88Ë1QÍG 0.85Ë1QÍG 0.81Ë1QÍG 1.14Ë1QÍG

Chlide/Phe b 2.31Ë1QÍG 1.82Ë1QÍG 1.82Ë1QÍG 1.68Ë1QÍG 2.19Ë1QÍG

LPCar 249 288 330 319 408 
MP Car 1480 1524 1577 1290 1990 
LP/MP 0.17 0.19 0.22 0.25 0.21 

,
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ü P_EzTl������?¶\�¶Ë�@}F Z[¢×56"^9X,,

?¶ ¶Ë

�� +�� 1 3 5 7 7 
SPAD 40.95 42.62 40.87 39.75 44.05 
Chla 6.98×103 9.05×103 9.37×103 8.96×103 7.08×103

Chlb 2.80×103 5.12×103 6.05×103 5.45×103 2.70×103

Chla+b 9.78×103 14.17×103 15.42×103 14.41×103 9.78×103

Chla/b 2.49 1.81 1.56 1.7 2.68 
Car 4.28×103 4.93×103 4.96×103 4.83×103 4.29×103

Car/Chl 0.44 0.35 0.32 0.34 0.44 
Phy 442.4 715.8 722.2 634.0 499.4 

Dephy 107.7 171.7 169.5 171.7 65.69 
Phy+De 550.2 887.5 891.7 805.8 565.1 
Phy/De 4.11 4.37 4.33 3.9 8.27 
PPIX 0.92×103 1.20×103 1.25×103 1.19×103 0.62×103

MGPP 608.8 1055.8 929.3 1013.1 330.9 
Pchlide 429.1 703.3 688.5 691.1 291.3 

total 1.96×103 2.96×103 2.87×103 2.90×103 1.24×103

PPIX% 46.86 40.13 43.61 41.19 51.69 
MGPP% 31.16 35.79 32.37 34.99 25.39 
Pchlide% 21.98 24.08 24.02 23.82 22.92 
Chlide a 1.44 2.28 2.24 2.27 0.87 
Chlide b 1.16 1.81 1.72 1.76 0.65 

Chlide a+b 2.6 4.09 3.96 4.03 1.52 
Chlide a/b 1.24 1.27 1.3 1.32 1.36 

Phe a 1722 3203 3188 2702 2028 
Phe b 648 1181 1166 996 721 

Phe a+b 2369 4383 4353 3698 2749 
Phe a/b 2.67 2.71 2.75 2.72 2.81 

Chlide/Phe a 0.84Ë1QÍG 0.72Ë1QÍG 0.71Ë1QÍG 0.83Ë1QÍG 0.42Ë1QÍG

Chlide/Phe b 1.82Ë1QÍG 1.54Ë1QÍG 1.5Ë1QÍG 1.72Ë1QÍG 0.88Ë1QÍG

LPCar 323 590 523 468 330 
MP Car 1188 1781 1862 1919 990 
LP/MP 0.27 0.34 0.28 0.24 0.33 

,
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?¶ ¶Ë

�� +�� 1 3 5 7 7 
SPAD 28.67 29.67 30.22 29.48 31.03 
Chla 9.14×103 7.94×103 6.58×103 7.48×103 7.58×103

Chlb 4.89×103 3.05×103 2.35×103 2.67×103 2.76×103

Chla+b 14.03×103 10.99×103 8.93×103 10.15×103 10.34×103

Chla/b 1.91 2.72 2.8 2.81 2.75 
Car 4883 4562 4043 4422 4428 

Car/Chl 0.35 0.42 0.45 0.44 0.43 
Phy 700.62 572.08 469.89 518 526.54 

Dephy 129.95 92.31 63.31 107.53 86.65 
Phy+De 830.56 664.39 533.2 625.53 613.19 
Phy/De 5.39 6.24 8.1 4.98 6.92 
PPIX 930.71 788.74 504.92 565.35 749.57 

MGPP 806.08 569.95 352.86 613.56 563.88 
Pchlide 549.29 382.63 252.62 462.23 343.51 

total 2286.08 1741.32 1110.4 1641.15 1656.96 
PPIX% 40.4 44.65 44.21 34.42 45.75 

MGPP% 35.42 33.05 32.24 37.15 34.29 
Pchlide% 24.18 22.31 23.55 28.43 19.96 
Chlide a 1.74 1.28 0.84 1.41 1.16 
Chlide b 1.29 0.93 0.65 1.05 0.88 

Chlide a+b 3.03 2.21 1.49 2.46 2.04 
Chlide a/b 1.35 1.38 1.29 1.35 1.3 

Phe a 3338 2575 1890 2073 2305 
Phe b 1067 756 670 665 695 

Phe a+b 4405 3331 2560 2738 3000 
Phe a/b 3.13 3.44 2.84 3.12 3.32 

Chlide/Phe a 0.00053 0.00052 0.00045 0.00068 0.0005 
Chlide/Phe b 0.00122 0.00128 0.00101 0.00157 0.00127 

LPCar 720 538 307 385 480 
MP Car 1070 793 849 1091 758 
LP/MP 0.67 0.68 0.37 0.36 0.66 

,
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YX,

?¶ ¶Ë

�� +�� 1 3 5 7 7 
NDVIa 0.429 0.429 0.424 0.393 0.425  
SRVIb 2.501 2.502 2.475 2.297 2.477  

NDVIBroda
c 0.759 0.758 0.766 0.746 0.759 

A2 

SRVIBroad
d 7.282 7.275 7.561 6.881 7.304  

      
NDVI 0.531 0.522 0.527 0.442 0.499  
SRVI 3.261 3.186 3.226 2.583 2.993  

NDVIBroad 0.812 0.806 0.815 0.783 0.800 
}F 

SRVIBroad 9.649 9.327 9.785 8.202 8.998  
      

NDVI 0.338 0.403 0.396 0.348 0.353  
SRVI 2.021 2.350 2.313 2.069 2.093  

NDVIBroad 0.721 0.751 0.762 0.722 0.738 
HIJ 

SRVIBroad 6.180 7.022 7.399 6.190 6.646  
a. ÎÖ2�÷¡�'b NDVIN = (NIR-Red)/(NIR+Red) = 

(R750-R705)/(R750+R705) 
b. �ÝÒ¡�'b SRVIN = NIR/Red = R750/R705

c. NDVIB+DEÔo�! NDVIU
d. SRVIB+DEÔo�! SRVIU
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ü 12-1z?¶\Ë���������p
�f"^9!Sø��X

��a ¡(a ��ð
��


�

��


�

��


�

��


�

 --------------------------------------- F vaule---------------------------------------

?¶\z

Ë�@
1.05 45.18** 11.21** 25.28** 13.98** 21.15** 42.12**

����

��
32.41** 1.95 2.85 1.43 0.78 20.42** 11.53**

?¶\Ë,

ËËËË,,,,

����

��

3.17* 1.63 0.19 1.02 2.90 0.53 1.34 

*=**���ü 0.05� 0.01£ðl�X

ü 12-2z?¶\Ë�Tl��������p
�f"^9!Sø��X

, û, Ä, s, ¢, ., /, þ, 0,

, --------------------------------------- F vaule ---------------------------------------

?¶\z

Ë�@
13.86** 2.71 25.50** 7.14* 2.65 0.05 0.29 1.75

����

��
0.50 6.37** 1.38 9.73** 2.92* 0.36 0.93 1.75

?¶\Ë,

ËËËË,,,,

����

��

0.62 2.25 0.47 0.25 0.38 0.69 0.75 0.67

*,** ���ü 0.05� 0.01£ðl�X
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�

�
��a

1:1 
¡(a ��ð

��


�

��


�

��


�

��


�

   ---ds/m--- ---%--- ------------------mg kg-1------------------
1 4.37c* 0.13e 2.58d 67c 107bc 594d 191e
3 5.13b 0.19cde 3.24abcd 52c 184ab 1097c 255de
5 5.20b 0.17de 3.25abcd 96bc 211a 1035c 282d

¶

Ë
7 5.81a 0.13e 3.01cd 104abc 216a 1446b 302cd

         
1 4.90b 0.27abc 3.14bcd 131ab 131abc 1009c 281d
3 5.09b 0.25bcd 4.17ab 143ab 95bc 1283bc 385b
5 5.00b 0.36a 4.31a 133ab 76c 1447b 375bc

?

¶
7 5.89a 0.29ab 3.78abc 152a 110bc 1812a 487a

*lÈi\ÔÝ-l<ßjt-ÍS2�wÉt£ð�÷(p=0.05)X

ü 13-2z?¶\Ë�Tl��������p
�f"^9X

�

�
û Ä s ¢ . / þ 0

,
----------------------------------------------mg 
kg-1---------------------------------------------- 

1 424ab* 9.6b 2.18ab 3.9d 0.000b 1.13a 0.21a 4.31a
3 479a 18.2b 2.35a 5.9cd 0.004b 2.10a 0.55a 3.71ab
5 420ab 23.0b 2.07ab 6.7bc 0.000b 1.63a 0.37a 4.02ab

¶

Ë,
7 410abc 51.6a 1.82abc 9.0ab 0.010ab 2.16a 0.73a 3.20b

,          
1 339bc 12.8b 1.61bc 6.0cd 0.002b 1.88a 0.58a 3.46ab
3 328bc 20.0b 1.44c 8.1abc 0.012ab 1.41a 0.18a 3.62ab
5 290c 14.4b 1.37c 7.7abc 0.004b 2.11a 0.71a 3.7ab

?

¶,
7 358abc 25.0b 1.32c 10.2a 0.024a 1.97a 0.82a 3.22ab

*lÈi\ÔÝ-l<ßjt-ÍS2�wÉt£ð�÷(p=0.05)X
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Abbreviation Name Vegetation Index Reference 

NDVI Normalized difference vegetation 
index 

REDNIR

REDNIR
NDVI

+

−
=

Rouse et al. 
(1973) 

SRVI Simple ratio vegetation index 

RED

NIR
SRVI =

Jordan (1969) 

SAVI Soil adjusted vegetation index 
)1(

REDNIR

REDNIR
SAVI L

L
+

++

−
=

Huete (1988) 

TSAVI Transformed soil adjusted 
vegetation index 

aba

baa

++

−
=

NIRRED

)-RED(NIR
TSAVI

Baret et al. 
(1989) 

SAVI2 Soil adjusted ratio vegetation 
index 

b/a+
=

RED

NIR
SAVI2

Major et al. 
(1990) 

PVI Perpendicular vegetation index 

21

-REDNIR
PVI

a

ba

+

−
=

Richardson and 
Wiegard (1977)

DVI Difference vegetation index REDNIRDVI −=  Tucker (1979b)
1DL_DGVI First-order derivative green 

vegetation index derived using 
local baseline 

i
n

i λ
λ

λ
λρλρ� Δ−=

1

)1(')('1DL_DGVI
Elvidge and 
Chen (1995) 

1DZ_DGVI First-order derivative green 
vegetation index derived using 
zero baseline 

i
n

i λ
λ

λ
λρ� Δ=

1

)('1DZ_DGVI
Elvidge and 
Chen (1995) 

2DZ_DGVI Second-order derivative green 
vegetation index derived using 
zero baseline 

i
n

i λ
λ

λ
λρ� Δ=

1

)("2DZ_DGVI
Elvidge and 
Chen (1995) 

† The a (gain) and b (offset) are derived from the NIR vs. RED rock-soil baseline. 
The L term (soil adjustment factor) in the SAVI ranges from 0 to 1 and is typically 
set to 0.5. 
DGVI legend+i = band number�ki = center wavelength at the ith band�k1 = 626 

nm�kn = 795 nmlm= reflectance�m’ = first derivative 
reflectance�m” = second derivative reflectance. 

(Elvidge and Chen, 1995) 
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5 21200� 490� 5840� 2090� 0�
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¶Ë 7 44100 670� 7840� 2930� 10�
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