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�h{6���4�äi@i,-*/ ¿�6�q1«mgf 2 z1í"®ñq6RHä

®[|�i�äÑÒ4]{í"�'`�i��m>:C®>,}�6Â�®[<|�h

{6�ìfi*+,-.K4ui*+,-.áóOU&*+,-.�2 8æiª�¾*+

,-.�48æiª�é*+,-.�38æiuê*+,-.�18æU®^ó|�hÛäi

��mÐb:C1>,��â/�h{6�234ui^áLKPC O±¨iy?RyiK

ë�<U19W¾y�m6_�1í"<=<�]�i|�4�f4ä}ç4ï[q6PC

y�¨0Q�iØ?Ryiëû�)�<�� M�h9W�f�ìfi�349W�féy

ui]ì1����y�1H9�Õmgf�1}56�  

ìfiá*+,-.1äz 10km18æ4u/0V4íy6î1×�èNîOúW 3U

®5äi0123�59o�/�f�  



 27 

Ú1-,*+,-.OHIJ×Üõ> U  

HIJ×Üõ>iÖ�Ù�Ú1-×ÜÔ"FÛ8K4å[|�f()*+,-.}56

Oü 3iúW 4U�á*+,-.ui3�Zi5öZi�ê¼*§-iU-�Ùö-i�ï

�êZm$>CÕïáó1�t/§-*¨�_Éq6§-*¨�_Éq6Ú1-�®ií

"¯1�ä¨Ë1Xí/�hÑÒí"/1ê>�'A4i2009\ 9]4�.ÙQÔ±,/

�hZÆ�i2010 \ 10 ]4tu�f�1}56�á*+,-.1�&uz 10,119ð2}

56��84uyzh1��®ñìghÛäi�1Ì�òäU��i*+,-.K4Ð~

�m�:�å[�hÌ�ó�¦�hÜ��*+,-.Þ®'`|�h{6�á*+,-.

1234u JR GÞ¬iLÞ 17 F®ôäiÛ8K 600ðäD4uõV®iz 1km ×D4

uöV®°�h{6�  

 

234V567 OHIJÝ&Þõ&ßÚ U  

% HIJ,Ý&Þõ4�äig�4B�6fri��V1�°}56234V4å[|�

f��7}56�2009\4JOèVðñ¥U/�h1vwA,ÕÊAmü����fß 

Am�"�ZÆ®[M�f���4�äiá��71XU��>*+,-./�h6Bq

6�//mäi2012\ 3]4µ[�fOü 4iúW 5U� 

% 2008\ê4HI(@�Ù#$@U#$�Ù×@×BC÷}Õe�f88594�äi�

�7ÇM81XU4��Ý{hz¡��fl84Û{hi��,l8>÷ÁC 23CiF8

îÂ 14 CiòÁC 18 C®[\|�f��1e4uv]1Ñ>8OøØ©Uy� 2000 \

¶eç4H9|�fØ§T�u¯ri+è0RiRz {y|iy|Q±è1Z 4 C1?@

ABC®nì�h{6OGî 2009U����f<D1ãb�®G{9:;��>*+,-

.K4Ó>q6friHIJeUJÍÜ,Ý&ÞÌ¾ÔùF4�ghi�81ûÌ1XU

�8F4���h��76Bs4Ó^ó�iÌÍy-()*±y�9>*+,-.K4Ó

>q6ZÆ®�Å|�h{6�  
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59,�ïúY  

9:;59  

% X*A4�{��6i(?-,Y4�69>59uiã��f�&K19:;4z{h

ºÏq6èY}56�01fri9:C���1Ñ{8:�ò}u!=/qC®�¡m6�

0�}iá59}uCäC4ef6>ï9:C�°¨,Ø·.q69:59�Õgf�>

598:�Ò9�i¨$,ò��h{69:�e[/�hi'ÜiUQ�;R£?4�6

§Ïìfu�÷�Õ{i01s9:üú��{hC1ýM�Õgf�ûi�159úY}

uiÒ94�ä'Ü�âmC®o�/m6fr4i^_A1�{9:C�½·±Ø·.

q6�/4m6� 

% Ø()*+¨,,*+,-.-.Ú1-,*+,-.4Û{hu9:1>ïñ�1]4

1êi0�¯�Z 6ÍÒ9�Õgf�ìfi234V5674z{hu 5]4 2Í59�

Õ{i/0Vu×�èNî123� 1ÍÒ9�f�>9:;59^1üýuû 11`ä}

56� 

 

;o¬�®êÈM  

% Ø()*+¨,,*+,-.Kææ�o�°1iPQ)RS�9W�f 2 8æ-.PQ

)RS®Ñ>�h{6 18æ4Û{hi¬�¼*§-OIKS-20ikoitoU��{h¬�

®ê�ÈM�f�01ò<��/4iý*+,-.K1³8}ÈM�f¬�®ê/1;

oá�Æ`�f�þ³}u¸äÌ1ÿ�1xi�1Z 2yFOúW 6U�>F 4ÍÈM�i

Z�á�Æ`�f��1;oá®;o¬�®ê}5äi9:1>ï,�[/K{;}}

~®56/|�h{6OcÜ!.� 1999U�ÈM^u 2013\ 5] 24^i6] 28^i7]

22^i9] 25^}56� 

 

µ&ÌÍn�¡  

% Ø()*+¨,,*+,-.Kææ�o�°1PQ)RS�9W�f 2 8æ-.PQ)

RS®Ñ>�h{6 18æ4Û{hiÌÍn�¡ZOThetaProbeTypeML,Delta-T�U�

�{hÌÍn�¡�ÈM�f�ÈMu>F 3Ím{� 4ÍÕ{i01Z�áy�in�¡

Zª>1¯Æê?POML1-UM-1 NOV.1995U��{hµ&n�¡��Æ`�f�ÈMu

N%i;o¬�®ê1ÈM/ý^4Õgf®i9] 25^4z{hub"1frÕemy

gf�ÈM^u 2013\ 5] 24^i6] 28^i7] 22^}56� 

 

��1�ê����ï  

% PQ)RSOLQMN?@ABCU1÷ÁC1C���{f�C�u 2011\4Ø()*

+¨,,*+,-.K}���f�1/iØ()*+¨,,*+,-.1äU�]ñ�h
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°�6��V1ÌèO#$Ú�%&U4Û{h 2012 \4���f�1��{h���ï

�Õgf�C�u�ï¨=ì}<'�4<ð�fx}í=m�1¦¾�(8�i�ï4�

{f� 

% C�uU)u�Û{fv* 9cm 1.?¨Ú·±�y|-�4 50 ´Ìz��i>²1y

|-�4+,��z 20cc c��iy|-�°/�ê-^).�] OTG-100-ADCT, NK 

systemU4��iX��Õgf�ý]K1�êu 30/15�i25/17�i22/10�i17/8�i

10/6�O/ 14hri0 10hri/�1¬�®ê�3001mol m-2s-1U/�i>�ê¢} 3y

|-��X�q6�1/�f�mÛiØ()*+¨,,*+,-.}���fC�ua®

Æmygffr 25/17�-. 17/8�1 2�ê¢1Ë}X��Õgf�4] 23^4�ï�¨

=� 1^4 1êi102�op�C��9ó�f�01âi32}4�®[\}�f�1�

��C�/Ëm�ia�3��fx}�äö{f�ìf9ó5°/4+,��zoy�i

B¦lgfd?�<gf����hÃ��fß Am&Æ��¡�iß ��¡/�f�

�ï¨KQk-;uû 24Y�f� 

 

WX�ï  

% PQ)RS4z{hu 2011\4��V}���fCy���|æi�sHI(@67�

|*Ó¨K1804Û{ht·,9�}opWX�h{6´µH/r»1���ï}�>

�f´µH�+�q6�ìfiØ§T4z{h Ý&ÞõøØ©y�234V5674H9

|�i2009\�ä234V5671å[e19k<Doû/�hHI(@67�|*Ó¨

K180}WX�h{6´µH�+�q6�  

% ���qæh4o�h¬í"�5ö�fWX�ï�Õ{i01�¶���ï�ä�>�

f��V£1PQ)RS4o�huÇ��5ö�fWX�ï-.ÅÆ�ï�Õgf�  

% PQ)RS1ô\õ4z{hu;o¬�®ê® 100%4]{³8Aí"}m{/>±

}�m{O:Ø 2013U1}��4o�hu;o¬�®ê 100%¢/ 13%¢}1Ë�ï�

Õgf� 

% WX¨KQk-;�û 34Yq� 

 

rWX/ðñ§*.°*ê  

% PQ)RS4z{hr»1���ï}���f�>�ü-;U*½-,)*O§R�1

��U4H9�i9:ï[;O<=���{h 14L/10D 1^±}/1¬�®ê�z

380-4001molm-2s-1/�i÷�u 25�45öUK}z 1-2>]�WX�f��>®ía1

áÐ�Êq6��4mgf¦æ}i.?¨Ú·±�õt·,Oz 200mL K4 1 ´µÌ

zU49W�iHI(@67�|*Ó¨K180}WX�f�WXeu 2-3 ^4 1 ê�Þ

��t·,y��®°�`6ì}��¿��f�ìfi2011\�äopWX��h{6P
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Q)RS4z{h�ý�1±êi�1¿��Õgf�  

% Ø§T4z{hu 2009\�äopWX�h{6´µHy��Ö�iRÌ�z 5cmÛ{

f�?�OG*z 45cmiKz 23LU4õ� 1áÌz9�f�WXeu 2-3^4 1ê�

Þ���{h¿��Õ�yi?@}��q¡{`qy��Ùu 5cmrs�<gf�  

% ðñ§*.°*ê4â�huiõ1!y¾1(�|®(�{Ï4Aæi���ÏE4<

¢��i¢�°/4§�1�[/´µa®ÛÛ%µý<4m6��4�f��1�¶ 1¢

��ðñ§*.;/�h���i]ä1¢��0�¯�1Bñ¢4É�f�  

§*.°*ê�fõu´µ°/4�!C!ÐO!$U4�¾hJD4��iEÏM�ST;

OFC-610,ADVANTEC,DRS620DA,ADVANTECU4��h 12��x 80�}ST|æ

fsiF��xGøHOBJ210S SartoriusU}STã�ÈM�f�  

ìfiPQ)RSu�\>}�C®�¸�fq{friopWX�Õgh{6´µH4

z{hu´µ<D�üä8xU1Ë��÷�f���4�ä�Z9:1§*.°*êuÐ

/C1Ë/mgh{6�  

Ð�&uR?-¨�|I-OGT-8700 EPSONU��{hºÚê 300dpii16bitê�-

}¨�|*�fsiImageJ 1.41oONIHU��{h�&�ÈM�f��Íu 148J5fä

2063162(·,/�f�  

 

«m6í"���4Û¾6WX�ï %

K'L��{h¬�®ê� 3Mi9Mi13Mi100MO³8U45ö�f 4z1¬��

¢�HI(@67�|*Ó¨K1804Ô¾f����1Bñ¢4õt·, m{��?�

�^ó�hiopWX1PQ)RSuz 3>]i���ï�äWX¨=�fPQ)RS /

Ø§Tuz 2>]WX�f�WXeuir»/ý�1¿�ðñ�Õgf�  

% ìfi���ïy�WX�f��V£1PQ)RS4z{hu��4��Æu�9�6

Bñ¢/^e1Ç�®òÇ�N 3.2�/m6��45ö�f �÷O�s 3�xÈ¢/�qU

��{fBñ¢�Ô¾f�  

% ÅÆ¢4Û{hÆuuOª@ÆuO^á�aU/O°*!R°ª[ÆuO(PòÔU

1g_Æu1 1000IQêR��{f�[�1¨[uùd 0.103g L-1!°*b 0.071g L-1!R

°j2 0.182g L-1}56��1Æu� 12�4 1êx3¿�1¶eä49�f�  

% 3�xÈ¢4Û{há�ï4�{f�÷uz 370S160S260[cm]1§�1}5äi¿�

f¬��u³8WX1í"/ý�/�f�  

% opWX1PQ)RSuz 1-2 >]4 1 ê8xU1Ë§*.°*ê�Õ{i���ï�

äWX¨=�fPQ)RS/Ø§TuWX T¦4´µ=µ�§*.°*ê�f�§*.

°*êsur»/ý�1Bñ�Õghi>]Y1STã/Ð�&�Ärf� 
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>±º�  

>±º�1>Ó?£-�ui��1���{hÆ`�f�  

,;o>±lêORGR�Relative Growth RateU�>´µ1STãã-¨1>±lê�

ûqQÇ}56�  

% RGRWO1nOTW2U!1nOTW1UU/OT2!T1U 

% TW1�ðñìfu�]§*.°*ê4Û¾6´µ`STã OgU 

% TW2�ß ìfu�]§*.°*ê4Û¾6´µ`STã OgU 

% T1�ðñìfu�]§*.°*ê^  

% T2�ß ìfu�]§*.°*ê^  

 

,!ýª¡ONAR�Net Assimilation RateU�>´µ1¬_["��ûqQÇ}56� 

% NARWOTW2!TW1UO1nOLA2U!1nOLA1UU/OLA2!LA1U/OT2!T1U 

% TW1�ðñìfu�]§*.°*ê^4Û¾6´µ`STãO gU 

% TW2�ß ìfu�]§*.°*ê^4Û¾6´µ`STãO gU 

% LA1�ðñìfu�]4Û¾6´µ1Ð�&Oð 2U 

% LA2�ðñìfu�]4Û¾6´µ1Ð�&Oð 2U 

% T1�ðñìfu�]§*.°*ê^  

% T2�ß ìfu�]§*.°*ê^ 

 

,Ð�&^OLAR�Leaf Area RatioU�>´µ1STã/Ð�&1^¡�ûqQÇ}5

6� 

% LARWOLA1/TW1+LA2/TW2U/2 

% TW1�ðñìfu�]§*.°*ê4Û¾6´µ`STã OgU 

% TW2�ß ìfu�]§*.°*ê4Û¾6´µ`STã OgU 

% LA1�ðñìfu�]4Û¾6´µ1Ð�&Oð 2U 

% LA2�ß ìfu�]4Û¾6´µ1Ð�&Oð 2U 

 

,^Ð�&OSLA�Specific Leaf AreaU�>´µ1Ð1UË�Ð�&/ãã-¨}ûqQ

Ç}56� 

% SLAWLA/TW 

% LA�ß ìfu�]§*.°*ê4Û¾6´µ1Ð�&Oð 2U 

% TW�ß ìfu�]§*.°*ê4Û¾6´µ1ÐSTãO gU 
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,]Y8ã �̂¬_[£:�0�¯�1]Y4$�¡�{^��fy�YqQÇ}56� 

,Ðã^OLAR�Leaf Weight RatioU 

% LWRWLW/TW 

% LW�ß ìfu�]§*.°*ê4Û¾6´µ1ÐSTãO gU 

% TW�ß ìfu�]§*.°*ê4Û¾6´µ`STã OgU 

 

,Cã^OSWR�Stem Weight RatioU 

% SWRWSW/TW 

% SW�ß ìfu�]§*.°*ê4Û¾6>´µ1CSTã OgU 

% TW�ß ìfu�]§*.°*ê4Û¾6´µ`STã OgU 

 

,�ã^ORWR�Root Weight RatioU 

% RWRWRW/TW 

% RW�ß ìfu�]§*.°*ê4Û¾6´µ1�STãO gU 

% TW�ß ìfu�]§*.°*ê4Û¾6´µ`STã OgU 

 

0�¯�1Ó?£-��4ui��1��m}~®56�  

% RGR!NAR,LAR 

% LAR!SLA,LWR 

% ���1�4�ghiBñ¢�} RGRìfu LAR1�ª®5gf0_i0�®$1Ó

?£-�1¤«4�ghÝ�U�|�fy�[\q6�/®}�6� %

%

% %
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ò<-.§ó  

 

9:;59  

Ø()*+¨,,*+,-.  

% Ø()*+¨,,*+,-.}ui 2013\êO4-10]U1Z 6Í1594�ä÷ÁC

81CiòÁC 38C1Z 119C1>ï/¨$®[\|�f Oû 4U���ì}159}ui

2009\ê4u÷ÁC 86CiòÁC 33C1Z 119COV¾ 2010Uiìfi2010\êu÷

ÁC 66CiòÁC 32C1Z 98COW¾ 2011Ui2011\ê4u÷ÁC 68CiòÁC 27

C1Z 95COX� 2012Ui2012\4u÷ÁC 59CiòÁC 23C1Z 82CO:Ø 2013U

1>ï/¨$®[\|�f�  

% 2013\� 2012\4Ý�p�PQ)RSOúW 7UighijQkOúW 8U/{gfl

8>?@ABCfi7m9:��aop�h>ï®[\|�f�  

% PQ)RS4z{hu 2010\ì}>ï´µa®ÅÆ�p¾f/Ë��i01\u 2´

µ�[\�f¦¾}5gfOW¾ 2011U�x\159}�[\´µauÆmygf®OX

� 2012Ui7m>±ñO7]U�r4Â¼ä�Õ{i¬í"�6�f�/} 2012\u¸

äÌ4H9�f´µ}ðrh¨$®[\|�h{6 O:Ø 2013U�á\�9W8}1¨$

�[\�fOúW 7U� 

% s�®Â¼ä4�äÔÕ4è���f�/}áCu·¸4>±q6�/®}�f��s

�ÔÕmðñ�q6�/®Är��6�  

% 2012\ 9] 20^4Ý&Þõ1øØ©y�H9��BC÷}WX�h{6Ø§T�Ø(

)*+¨,,*+,-.K4H9�f®iý\ 10] 25^4u("4�6g�}F�G$

®°|�h�ìgh{6�/®[\|�h{6� °��X�fr4uM«q6ì}u9¾

Y49�iY°/wrhÛ¡<1u��bq6 O:Ø 2013U�á\10_i4]OúW 9

xU/ 10]OúW 9�U�^_q6/°�æÌO56{u°�®Æm¡Ui��4>±}

�f�/®�y®�6��y�m®�i2013\u 6]4 1Z1¨$�[\q64,ìgf�

�¡1$�[yæ61uÁ\ê�b4ñ~�f{�  

% 2013\1594Û¾6fª¡O`89:1`a4¹r6òÁC1Ñ_Uuz 31.9%}5

gf�2012\ê/ 2011\ê159}u0�¯�z 28.0%/z 28.4%}5gfO:Ø 

2013/X� 2012U���ì}159}uz 18.6%O2006\U\z 45.1%O2002\U}5

gf�/y�i�ÒZcd?®p{h{6/Û�6�òÁC4u8�CfC�4�ä·¸

4VEq6fr4µ=mõö®6�{C®�÷q6�01my}i¼��RØz0Úsj

/x£èÙiyu 2011\ê159y�op�h[\|�h{6� 2011\ê4[\|�i

2012\ê4u[\|�mygf4�yye�Ìi 2013\ê4[\�f1uRèöë/£

°K*R;Rë}5äi]o4z;I¨*u 2012\ê/ 2011\êop�h[\|�h{
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f®i2013\êu[\|�mygf��1��mC4o�huÝ���ru¼ä�ä4�

6&½óô®ÊZ}56��?u6�{�11iop�h&½óô�ü6þb®56�  

% cd 2\�[\|�Ìiá\[\|�fCu 30C}5äi�¶ 12CuòÁC}01e

}bcËòÁCu 4C}5gf�×<õ1F8i]��fl8}[\|�h{69:f7

m9:1>ï®[\|�h{6�/OX^� 1995Uy�2C1í"4ðì�hÛäi8

:�}1>:C1Hb,°�®ñ~}�6Xúi�1��mòÁC1b�4�Ç�^�m

¾�¿m�m{� 

% /0V×�èNî23}u 9] 25^159} 12C19:®[\|�fOû 7U®iK

òÁCuQk10S1 1C1Ë}5äiÉrh÷ømd?}56/{�6� ×D4uJ?

@ABwt1§±?�U®[\|�f�ìfi�1î1q�çD4l8®56�8÷u1

`C1Ë®!��6d?}56®i�s§ÆC®>ïq6�/®Êë}5äièé�°*

ê�opq6æ�}56�  

 

Ú1-,*+,-.  

% Ú1-,*+,-.}ui2013\êO4-10]U1Z 6Í1594�ä÷ÁC 99Ciò

ÁC 55C1Z 154C®[\|�fOû 5U�2011\ê159}u÷ÁC 89CiòÁC 66

C1Z 155C®[\|�OX�  2012Ui2012\ê159}u÷ÁC 100CiòÁC 47

C1Z 147C®[\|�h{6O_` 2013U�2011\êy�1`8Ca4(�m�ªu

m{/Û�6Oü 6U®iÚ1-,*+,-.tuvsO÷ÁC 53CiòÁC 22C1Z

75C/W¾ 2011U4^æ6/z 2I1Ca®op�h[\|�h{6�/4m6�  

% Ú1-,*+,-.K}>ï®[\|�h{6?@ABCu?@AB wt1ixyxy

OúW 10UiN?@ABC1Rz{y|ighijQk}56�tuvsy�[\|�h

{6ixyxyi2011\êy�Ý�p�[\|�h{6Rz{y|/ghijQk1�x

3C4z{hu 2013\ê�>ï®[\|�f�  

% 2012\ 7] 30^4r»1Ø§T�Ø()*+¨,,*+,-.ý�Ú1-,*+,-

.4�H9�f�Ø()*+¨,,*+,-.4H9�f´µH/1:{}56®iH9

�f¦ñi��/0�4ô����ª®¢[��6��y�im4�ä�Ø+g(Ù®·

¸4>ï�h{6�/y�Ú1-,*+,-.K171À�à®G{/ {��/®RÈ}

�iG{À�í"1�/>ï}�fò<}56/Róq6®i�s1Z<AmnE1fr

4�}�6¦¾C[mb���Mq6�/®Är��6�  

% ìfi2012\ 11] 27^4�Z*+,-.K49W�f_`O2013U® 2012\êa�

¾��hïhfPQ)RS}56®¨$�[\�i 9]4u!Ô4[���h{fOúW

11U�Ø()*+¨,,*+,-.}1�ï�"y�iÔÕmðñ®m|�fò<}56�

2012\ê9W�f�x 2C4z{hiìÌ 1\'}56 2013\uñ~`äy0��x1
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>±�!æf/{gh÷{�opA4M«q6�/�ñ~q6�  

% 2013\ê1Ú1-,*+,-.4Û¾6fª¡uz 37.1%}5gf�2012\ê�äu

G¡mgfOz 32.0%/_` 2013U�11i2011\ê1áOz 42.6%/X� 2012Uu

�Ígf�ìfi2011\ê} 17COX� 2012Ui2012\ê} 10CO_` 2013U/~

�C1>ï®'4z{f�Z*+,-.}5gf®i2013\ê4[\�f1u 5C}5g

f�Ý���öd1op1Z<}56/{�6�mÛop�h[\|�f~�CuIög

xISyibjSy�jiëê;Sx±1 3C}56®i�4HIJAcòÁC1Iög

xISy4z{hu�sXË1ðñ�bq6�  

 

234V567 

% 234V567}ui2013\êO5]U1Z 2Í1594�ä÷ÁC 45CiòÁC 33

C1Z 78C®[\|�i�¶ 39CurÍ159y�Ý�p�[\®}�fOû 6U�2010

\19:;59}>ï®[\|�f1u÷ÁC 13CiòÁC 6C1Z 19COW¾ 2011U

}5äi2012\}u÷ÁC 37CiòÁC 27C1Z 64CO:Ø 2013U}5gf��Z

567µ[u 2012\ 3]}5gf®i2012\ê4Ý�p���m9:®>ï}�6í"

1[uù¥}{6/{�6� 

% 2012\ 9]4:ØO2013U�®�84H9�fØ§Tu 5] 28^1594Û{h 1Z

®¨$�h{6�/�[\�f�  

% �8uõd8/��81"45äi234��®�¡�÷�h{6�5kmåç4uU�

V®5äi2009\1U�V°:,Â÷�23159}u÷ÁC 27CiòÁC 7C1>ï

®[\|�f��¶ 2C®?@ABCi§ÆCOg1S�)ig1z?*U}5gf�g

1z?*uDs+�4�ä=LA4´µa®ÅÆ�h{6®iÂ÷�231 ]��uîÂ

Xö4Ds�+��h{m{fri>ï®�â}5gf/§���6Oeú 2009U��1

��4�8u231í"4ðì�?@ABC®>ï�fq{í"45äi >:<Dx1ã

b�®G{8:}56/{�6� 

% 2013\ê159}uirÍ1594Ý�p�?@ABwt1ixyxy��8Ìè1ÿ

�/V3}[\q6�/®}�iV3/¨¾f0F4Û{huN?@ABC1Rz{y|

1>ï�[\�f�Rz{y|4z{hu 2008\/ 2010\159}�>ï®[\|�h

ÛäOGî 2009/W¾ 2011UiopAmM«®RM|�6�¨¾f0F4Û{hu?@

ABwt1i���1��*1>ï��f4[\�f�  

% Xú}i�f2xi�ykj¨1£1x@i++�*K�x±m$rÍy�Ý�p�[

\|�fbcËòÁCf�MòÁ>:u 8C}5äiHIJAcòÁC}56IögxI

Sy� 2012\êy�Ý�p�[\|�h{6�ìfi�Í159}>ï�[\�f+é

jy1Kê§/++Ø?¼�,j1 2Cu 2012\ê[\|�mygfC}56�  
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% ?@ABC®>ï�fq{í"�6�6Xú}>?�4µÏÐ�9�6��mòÁC1

b��X��/fVP�ó�6�/®�s1e&/m6�  

 

��1�ê����ï  

PQ)RSO�±×i�\ÂiEupatorium japonicumU 

% áCu}ç8ú�×OágiÄLihgU4�[�in�¦4¿�q6F�Mä�e[

4>,�h{6�yzhu11ØÂ1¶û/�h$Â4nr��h{fG$\]m9:}

5gf®i01��m>,Ô8uèV�i4�ä�i|�iÑÒd?}]gh{60Fu

Æm¡mgh�ìgfO´U,�c,Ðj 2000U�8÷iL1�·(°¨,O2007U}u

N?@ABC4QM|�iHIJ�·(°¨,O 2012U}u?@AB IBt4QM|�h

{6� 

% ��V}�÷�fC�4z{hiß ��¡u 10/6�¢}ß�G¡i63.3%}5gf�

25/13�¢-. 17/8�¢}ß�Ñ¡ 55.3%/mgfOû 8iü 7U�XúiØ()*+¨,,

*+,-.}�÷�fC�4Û{hu 25/17�¢} 30.0%i17/8�¢} 16.0%/mä{Ì

�1¢4Û{h���V£10��ä�Ñ¡mgf Oû 8iü 8U� 

% ��V£1C�1ò<u=µ/�h>�ê¢�4�6ß ��¡1¿�z�uÐ|¡i

�ê��4�6ß ��¡49�6ÏÐuÆm{�� }56��y�m®�X�¨= 12

�¦æ}1��¡�^_q6/ 30/15�¢} 49.3%/mgh{6Xúi10/6�¢4Û{h

u��� 1´µ�[\}�mygf� 25/17�¢} 42.0%i22/10�¢} 24.0%i17/8�¢

} 12.7%/mgh{6�/y�G�}56ú®��4bq6^a®�¡m6©ª®Ã��

f�Ø()*+¨,£1C�4z{h�ý¯©ª�Y�i25/17�¢} 18.7%i17/8�¢}

2.0%}5gf� 

% Ø()*+¨,,*+,-.4>ïq6PQ)RSui01Uî/§���6��V1

´µH�ä�C�1��â½56{uk�¡Ô?®Ñ¡mgh{6/§���h{6�0

1N�uiØ()*+¨,,*+,-.1PQ)RSu´µa®Æm{�/4�6]lm

î56{u$n�y4�6C�1iof<�ñ�e1©ª4�6�1}um{y/Ró|

�h{6OX� 2012U��y�m®�Ø()*+¨,,*+,-.K4opAmH9�Õ

gf�/4�äi]lmîf$n�y1¹&®º?|�6©ª45äiýX\4���f

:ØO2013U1���ï1ò<}uß ��¡4£84�6ÊË¤u!��mygf

O25/13�¢}Ø()*+¨,,*+,-.£ 50.7%i��V£ 47.3%U�á�ï4Û{h

Ø()*+¨,,*+,-.£1C�1��¡®��V£10��äÊË4Ñygf1u

1\p{C���{f�/4�6©ª}56/§���6�  

% /0V1PQ)RSÑ>8}L®bcËòÁC/Mr6¼��RØz0Úsj/_�

h{60�®!��f�áCuVE½®·¸}PQ)RS�^»4�h�ì{i>ï�q
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[6r�®5gf�2012\uPQ)RS1¨$�[\}�mygf®O:Ø 2013Ui2013

\u¨$�[\}�fOúW 12U���uZ�Ç�î Å¦�/�4Z\AË}5gf 2012

\/^_�i��ñ}56 3-5]1Ç�uýçê}5gf®î Å¦�®>] 30¦��x

±¡Oû 17Ui8�®xÈ�ffr/§���6�0�4�äi�äp{¦ñ4`���

äp¡>±q6�/®}�i¼��RØz0Úsj/1ò4Ê�4�{f/RÈq6�  

 

«m6í"���}WX�f?@AB9:1>±º�  

PQ)RS1ô\õ1>±4oq6¬í"1ÏÐ  

% PQ)RSô\õ1´µ8xUSTãui4]1ðÍ§*.°*ê¦4u 0.148g}5

gf�5]1§*.°*ê¦4u 100%¢} 0.714gi13%¢} 0.359g}5äi7]1§*

.°*ê¦4u 100%¢} 10.618gi13%¢} 2.765g}5gfOû 9U� 

% PQ)RSô\õ18xU1;o>±lêO RGRÉg g-1day-1Uu;o¬�®ê 100%

¢} 4-5]ñ}u 0.059i5-7]ñ}u 0.031}5gf�o�h 13%¢4Û{hu 4-5]ñ

} 0.031i5-7]ñ}u 0.023/mäi100%¢�ä�Ñ{á/mgfOû 10iü 9,10U� 

:ØO2013U1BC4Û{h 3%-13%¢1 8]¦1§*.;4z{hiðñ§*.;u�

/�ä 5]¦1§*.;/^_�h�´µ8xUSTã®Ð|{�/�Òì�iáCu

³8Am¬í"1�/}�y�MAm>±®}�m{/{��/®Y|�f�  

% >´µ1Ð1UË�Ð�& /Ðã1^}ûq^Ð�&OSLA,m2g-1Uui13%¢}

0.035-0.039i100%¢}u 0.020-0.021}5gf�SLA®(�{G$Ð4o�hÐ�&

®(�{/{��/}56y�Ðus{/{��/4mäiqme¶ 13%¢1´µ1ú®

100%¢1´µ4^æs{Ð/mgh{f�/�Y�h{ 6���u¬1Æm{>ï��4

oq6Ôp]p/�h�¡19:4Ë��6�1}iÆm{¬_[£:��{hs{Ð�

>£q6�/}i�äC{Ð�&�Ã��/q6]p}56�SLAu?ö4�6(�m¤

uË��mygf� 

% :ØO2013Uu 4]y� 8]4y¾ht¶1�ï�Õ{iPQ)RS®ß�>±q61

ut?1 7-8]}5äiðt1 5-7]4y¾h�>±ñ}56i/�f��Z�ï4Û{

h4-5]1RGR®uAËà1á/mgf®0�uðñ§*.;1´µ®(�qoffr}

56/�h{6� 

% á�ï4Û{huM?}56 4-5]®ðt1 5-7]1á� 0.013-0.024xÍ6ò</m

äiM?4÷¡>±q6�/®Y|�f� 2012\ê 4]/ 5]1^Å®0�¯� 177.9

¦�/ 211.0¦�}5gf14o�i2013\êu 225.6¦�/ 257.0¦�}5gf�£]

�_eæ�¿ 93.7¦�á\ê1ú®^Å4ðì�f�¿�1��u 2012\ê/ý�}5

gf�/y�/0V1´µH/ý�i^Å4�ä(�¡[±®øù|�f/§���iÆ

m¡/�M?4Û¾6·¸m>±4u��m^Å®þb}56/RÈ|�6�  
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PQ)RS�>1>±4oq6¬í"1ÏÐ  

% áC1´µSTãuðÍ§*.°*ê¦4 0.072gO��V£U/ 0.090gOØ()*+

¨,£U}5gf�z 2>]s1ß §*.°*ê¦4u��V£1�>} 0.066gO3%

¢U\0.761gO100%¢UiØ()*+¨,£1�>} 0.216gO9%¢U\1.534gO100%¢U

/mgfOû 11U�ûi��V£ 3%¢} 9´µe 4´µ®qvOqv¡ 44.4%U�iØ(

)*+¨,£ 9%¢} 6´µe 1´µOqv¡ 16.7%Ui3%¢} 6´µ=h®qvOqv

¡ 100%U�f����qv�f´µumygf�1/�iaáÆ`1â4á4u��m

ygf� 

% áC�>1;o>±lêORGRÉg g-1day-1Uu��V£1´µH4Û{hi;o¬�

®ê 3%¢}-0.007i9%¢-. 13%¢}u 0.031i100%¢} 0.043/mgf�ìfiØ(

)*+¨,£1´µH4Û{hu 9%¢} 0.012i13%¢}u 0.025i100%¢} 0.050/m

gfOû 12iü 11,12U�ô\õý�4�>}�³8A¬í"�4]{G$G{á�Y�f� 

% >´µ1;9`ã/Ð�&1^¡�ûqÐ�&^OLARÉm2g-1Uui��V£iØ(

)*+¨,£{Ì�4Û{h� 100%¢}ßÐO0�¯� 0.016/ 0.015U/mäi^Ð�

&OSLAÉm2g-1U� 100%¢}ßÐO0�¯� 0.021/ 0.024U/mgf��4 SLAu>

£8/� 2E'4á®Ð|ygfº»¢1áO��V£ 13%¢1 0.045/Ø()*+¨,

£ 9%¢1 0.051U1F���/{�ò<®Ã��f�  

% ¬_["��ûq!ýª¡ONARÉg g-1day-1Uu��V£iØ()*+¨,£/�4

100%¢}ß�G{á®Ã��O0�¯� 4.097/ 6.027Ui;o¬�®ê®Ñ{G$i

01áuÑ¡m6©ª®!��f�01e}� 100%¢u 13%¢1áO0�¯� 1.970/

1.103U4^æÊË4G{�1}5gf�  

% ]Y8ã^u��V£1´µH4}�hÐ1ã^}56 LWRuz 29.4%-z 37.7%i

C1ã^}56 SWRuz 27.2%-z 32.4%i�1ã^}56RWRuz 30.0%-z 42.0%

O{Ì��=h1¬��¢U/mäOü 11,12Ui;o¬�®ê1:{4�6¤u5ìä

Ë��mygf�ý�4Ø()*+¨,£1´µH}56® LWRuz 19.9%-z 34.7%

O13%¢®ß(} 100%¢®ßÐUiSWRuz 28.5%-z 48.4%O9%¢®ß(} 100%¢®

ßÐUiRWRuz 17.3%-z 50.7%O100%¢®ß(} 13%¢®ßÐU}5gf�ûiã

^4�h 1%i=}56® 100%¢4Û{hu$®[\}�f�  

% �x�`_�iáCu�4³8Am¬í"1ç}·¸4>±q6�/®Y|�f�>>

±Ó?£-�1e}�¬_["�iqme¶@�;x-1>£Z¡�ûq NAR® 13%�

�1¢/^_� 100%¢4Û{hâ¦gh(�má®Ã��f�/y��01�/® RÈ

|�6� 

% ¬í"4Û{huº»|�m¾�¿�¡>±q6�/®}�6/{�6�  
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PQ)RS�>1>±4oq6ÅÆ/Ç�xÈ1ÏÐ  

% ¬�����f�ï/ý^ç}ÅÆ-.Ç��xÈ|æhWX�ï�Õgf��>uq

æh��V£1´µ��{f�  

% ðñ§*.°*ê¦4 0.072g}5gf´µ`STãuiß §*.°*ê¦4ui*

,Ù-;¢} 0.761giÅÆ¢} 1.196giÇ� 3�xÈ¢} 0.660g/mgfOû 11U� 

% ;o>±lêORGRÉg g-1day-1Uui*,Ù-;¢} 0.043}5gf�1®ÅÆ¢}

0.047i3�xÈ¢}u 0.040/eÌyÌz�ª�Ëæf®i{Ì��ÇNF¤K}ÊËm

¤/u{�mygfOü 13,14U�Ð�&^OLARÉm2g-1U4Û{h�>Bñ¢�}ÊË

m¤u\r��mygfOi*,Ù-;¢-.ÅÆ¢} 0.016i3�xÈ¢} 0.019U� 

% ¹úi!ýª¡ONARÉg g-1day-1Uui*,Ù-;¢} 4.097iÅÆ¢} 4.317}5g

f�1® 3�xÈ¢} 2.758/mäî Ð�&OSLAÉm2g-1Uui*,Ù-;¢} 0.021i

ÅÆ¢} 0.020}5gf�1® 3�xÈ¢} 0.033/mgfOû 12U� 

% áBC4Û{hÅÆu>±Ó?£-�4ÊËmÏÐ�9�mygf�qme¶iRÌ1

e1[�O_ZùdQêz 0.03mg g-1É=°*Qêz 0.0001mg g-1/Gw 2011U}>±

4u��}iÅÆ4�ä>±uøù|�m{�/®ÎÏ�f�ìfiÇ�1 3�xÈ4o

�hu NAR�Ñ�|æ6�/} RGR®Ñ�q6®iLAR-. SLA�n�|æ6�/4

�ä RGR1Ñ��ÒÓq6/{��/®ÎÏ�f�  

 

Ø§TOg�öyz×i�\ÂiNymphoides peltataU1>±4oq6¬í"1ÏÐ  

% Ø§Tu 2000\1HIJ1�·(U-�û·±}uJK?@/|�h{f®i 2000\

¶1eç4Ý&Þõ1234V��7O�¦u]��U]¡1øØ©7}Î"�h{6�

/®[\|�f�01s]��4H9|�i��71ÝÔr4�BC÷4�gh(@¬K

4H9,nE|æh{6���� 2011\ 7]4Ú1-,*+,-.i2012\ 9]4Ø(

)*+¨,,*+,-./234V��740�¯�H9�h{6�  

% áC1´µ`STãui8]1ðÍ§*.°*ê¦4 0.636g}5gf�z 2>]s1

ß §*.°*ê¦4u0�¯� 0.362gO3%¢Ui0.590gO9%¢Ui0.545gO13%¢Ui1.518g

O100%¢U/mäi100%¢}1Ëã1n�®Ë��fOû 13U� 

% Ø§T1;o>±lêORGRÉg g-1day-1Uu;o¬�®ê 100%¢}1Ë 0.016/C

1á�Y�f®i3%-13%¢}u{Ì��à1á�Y�i�4 3%¢}ßÐ1-0.011/mg

fOû 14U�Xú}:ØO2013U1BCò</^_q6/i{Ì�1¬��¢}�áu(

�¡mgh{6�qæh1¬��¢}~�¡>±®µ¡ RGR1á®à4mgfN�/�

h��®�qof/Ró|�h{f����zF�4�fáBC4Û{h>±4�¤®!

��f�/u:ØL1Ró®C�ygf�/�Y�h{6�  



 40 

% ¬_["��ûq!ýª¡ONARÉg g-1day-1Uu 100%¢}1Ë 2.772/C1á�Ã�

�i3%-13%¢4Û{hu{Ì��à1á/mäi�4 3%¢}u-1.167/ß�Ð|{á/

mgf� 

^Ð�&OSLA,m2g-1Uu 100%¢}ßÐ1 0.042i3%¢}uß(1 0.074}5äi01á

u³8A¬í"4]{G$Ð|¡mäiqme¶Ð®U¡m6©ª®���f�¬�Ã�

�mygf�/4oq6]puPQ)RS/ý�}56/{�6Oü 16U� 

% �xy�Ø§T1�MAm>±inE4u³8Am¬í"®Är��iìf��®�q

om{þb®56/{��/®ÎÏ�f�  

% �y�m®�áBC4Û{hu���x¡�f�/4�äi��®xÈ�fq¡mä>

±�q[f�â�®56���xÈ/>±1yª4z{h1�<}~��sºÏq6þb

®56� 

 

Ø()* +¨,,*+,-.K1í"ÈM  

PQ)RS9W81;o¬�®ê  

% Ø()*+¨,,*+,-.4Û{hPQ)RS�9W�fææ�o4Û¾6;o¬

�®êuiÈMñ�K4Û{h 11.8%-95.8%1äC}5gfOû 15iü 17U��y�m®

�i9] 25^1ÈMuzø}5gffr4x2i�2/�4 90%��qá�ZÈ�f/§

���6�ý^1ÈMò<�ö¾¿äCu 11.8%-58.4%/mäix21Ë1ZÈáu

11.8%-39.2%}�21Ë1ZÈáu 55.3%-58.4%}5gf� 

% Ø()*+¨,,*+,-.g_P¾<K1;o¬�®êu 2011\ 7] 21^1Z 5

8æ1ÈM} 1.7%-24.5%OX� 2012Ui2004\ 6] 10^1Z 168æ1ÈM}

11.6%-41.9%O/� 2005Ui2003\ 8] 27^1Z 368æ1ÈM} 2.4%-89.4%/mgh

{6O¦Ø 2004U��xy�<K/^_��ZPQ)RS9W81;o¬�®êuG¡

ôÝ|�h{6�  

% Xú}:ØO2013Uu 2013\ 5]-10]1Z 5Íi�ZPQ)RS9W81;o¬

�®ê�ÈM�hÛäi01áu 13.9%-100%1äC}5gf�10] 25^1ÈM} 10%

þ�ZÈ�f�11i0��ö¾¿ßÑá® 57.9%/mgh{f� 

% ¬í"u<K�ä�ðì�h{6/{�6®i 2012\ê�ä�Q¡mgh{6��2/

x21ÈMá4 20%çê�xOß( 43.5%U1¤®!��f�x2/^_��21ú®Ï

6¡mgh{6�/uÂ¼äðñ4¹&®5gf/uÛ{6{�0�}5�¿iz 1.5m

1Ì¸ä®m|�h{6x21ú®Ï6¡m6uÌ}56�ææ�o12äu</mgh

{6�P¾®>±4�ä¿�À¿�i�ä]{x2D}¬�{��fq¡mgf/§�6�

|}4cd4ÈM|�f<"1��mQ{í"4m6/u§�4¡{®ir»1��4i

áCu>±4Û{h;o¬�®ê 100%4]{³8Am¬í"�bq61}Â¼ä4�
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�i2ä1P¾1ÃM�Õ�/{�23ðñ�Õgfú®�{}5²��  

 

µ&ÌÍn�¡ 

% Ø()*+¨,,*+,-.K1PQ)RS9W8þ³D4Û{hÈM�fµ&ÌÍn

�¡O!Ém3 m-3Uu 0.174-0.414}5gf�7] 22^1ÈM4Û{h¸äÌx21G�

®�2�ä�ff(�má�Y�f�11i=µ/�hÊËm¤u\r��mygf Oû

16iü 18U� 

% 2010\1594Û{hux2 0.30-0.45,�2 0.28-0.44OW¾ 2011Ui2011\}ux

2 0.22-0.27,�2 0.30-0.60OX� 2012)i2012\}ux2 0.30-0.45,�2 0.28-0.44O:

Ø 2013U/mgh{f�2013\ucd1U-�/^_�µ&ÌÍn�¡uÑ{©ª�Y

�f� 

6] 28^159} 0.400��qá�ZÈ�f1ur²^4 72.5mm1ì/ìgfb"®

5gffr}5äi5] 24^/ 7] 22^1594Û{h{Ì�� 0.250��1á/mg

f1uÈM^�r 10^�x|y1`gh� 1^5fä 10mm�x1b"®mygffr

/§���6Ob�uv]1Ø£0¨®56×<õ1áU�á\1ÈMá®Ñ{©ª�Y

�f1u�4ÈM^�r1b�®Æmygffr/RÈ|�6�  

6] 26^4ì/ìgfb"®5gf�/�~�q�¿iÈMñ�4Û¾6(�m?ö�

bu 2012\ê4Ý�p�\r��mygf�  

�x1ò<�äPQ)RSu^_AC{äC1ÌÍn�¡}>±�â}5äO:Ø  

2013UiÆm¡/�opA}m{ãä4Û{hi56çêST�h{h�>±�â}56

/§���6�  
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ò% % #  

 

% áBC4�äi()*+,-.uÔÕ4ï[ðñq6�/4�gh?@ABC1<Df

>:���1<=/{�;â��Ö}�6�â�®G{�/®Ï�y4mgf�áÁ01

84�ª¡æ�8:>?�/�h1;â�()*+,-.®Êq6��4m6ì}ui}

�6¦¾s�Am÷Á>:1R��ÕeÌiÑÒ4H�,M«}�6��4ðñq6�/

®ëì�{�01��4�hR��f>:®áÁ¬0|�6æ�>?�����h�ì�

r�®56y�¦�>:1ÑÒH�fM«�øqfr4uiòÁC1õö-.:ñª@A

í"��1��ªm$�Õ�þb® 56�0�hi8:1?@ABC1�hôÝf>:�

��1<=��8q6fr4iH9m$�Õ��/®ÙM|�6�01â4uo�C1>

?@A��iqme¶ò�i��i>±���ºÏ�iÑ>8/*+,-.1>ï��/

�^_�hH9s1í=mï[®�8q6��4�m¾�¿m�m{�ãbm�/u2C

1ÑÒy�è}|æÌi5Ó}�6��4q6�/}56��M1C��8�{�qo6

/=µ1���®�e�h�ì�� *+,-.uis�Am>:C1R�}um¡i÷Á

C®ÑÒ4H�,M«q6��mðñ/iò ÁC1&ÉAõö/{gfaz1ï[ðñ�

ý¦4£}|æh{¡�/4�äi>:���/8:���ÝzÑÒ�ë6�/®�â 4

m61}56� 

% Ø()*+¨,,*+,-.}u÷ÁC 81CiòÁC 33C1Z 119C1>ï®[\|

�f�v] 3\�u`Ca 80-100C1[\}5äi0��ä��¡mgf®i 2009\ê

159/`Cauýa}5äibAZcd?�<gh{6/{�6�[\}�fC1e4

uiPQ)RSfghijQk/{gfl8�?@ABCfi7m9:��anì�hÛ

äiopAm>ï®[\}�f�  

% ��1�ê����ï4�äPQ)R S1C�u��¿�®m|�h{�¿iG�}5

6ú®��4bq6¦�®�¡m6©ª456�/®ÎÏ�f�M?1��m^Å4�ä

8�®xÈq�¿¹19:4È¥¯h���fq¡mäi>±4â�h¹19:4º»|

�4¡¡m6�/®eygf�Xú}i>±º�4��¿G�4m6/¬_["��ûq

!ýª¡ONARÉg g-1day-1Uuµªq6©ªOi*,Ù-;¢} 4.097i3�xÈ¢} 2.758U

®!��f�qme¶iG�4m6/@�;x-1>£Z¡®=¶6�/®ÎÏ�f�ì
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