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Study of sustainable use of Gonostegia hirta in Taromak 
tribe, Rukay ethnic group, Taitung, Taiwan. 

Abstract 

    Gonostegia hirta was the wild vegetable which the Rukay people of 
Taromak tribe in Taitung eaten and was the main consuming material of 
dumplings in Austrnesian Nature Center. For the sustainable resource usage 
of Gonostegia hirta  ,we set up test regions of research at three elevations 
of 600;1000;1400 meters respectively , and carried out harvesting at harvest 
frequency of every 1,2,4,8,16,20 weeks. Some parts of the test regions 
gathering of different intensity were carried out and at the same time 
coupled with cleaning out other kinds of cover plants. The data shows that 
the net harvest amount of Gonostegia hirta  was significant at harvest 
frequency of every 1,2,4 weeks, which means it was not a way for 
sustainable usage. However, at harvest frequency of every 8,16,and 20 
weeks , the net harvest amount was not significant at low;middle;high 
elevations . The net harvest amount was significantly more reduced by knife 
than by hands according to the harvest frequency at every 1, 2, 4 weeks. It 
was different whether cleaning out the weeds or not. The net harvest amount 
was not significant at different elevations of 600;1000;1400 meters and at 
different harvest frequency of every 8,16,or 20 weeks. From the data , we 
found that the net harvest amount accumulated  within 20 weeks will be 
obtained the maximum harvest amount of Gonostegia hirta at harvest 
frequency of every 8 weeks, and then every 16 ,20 ,4 ,1 ,2 weeks in order 
respectively. The net harvest amount was more accumulated by hands than 
by knife. In addition, the maximum net harvest amount was obtained at 
elevations of 600 meters; However, at elevations of 600;1000;1400 meters, 
there was not significant between 3 different elevations of harvesting. 
Compared the regression formula derived from the growth rate after 
harvesting at 3 different elevations with the harvest amount, we 
demonstrated that it was needed at the harvest frequency of every 8 weeks at 
elevations of 600 meters , every 8 weeks at elevations of 1000 meters, and  
every 12 weeks at elevations of 1400 meters to achieve sustainable usage of 
Gonostegia hirta. Besides, in terms of environmental factors ,the results of 
related tests were significant regardless of  elevations;coupling plant 
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coverage and degree of Gonostegia hirta coverage, and the results of related 
tests between coverage degree of the sky and Gonostegia hirta were not 
significant; Furthermore, the relationship between the harvest amount of 
Gonostegia hirta and the coverage degree of it was significant. 
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[Ô�B / 0 Ój¸fg ¥ ³Ö ¨ÔK 1 S Ófg ¥ ³ ï ¼ R � ÔK Ò �

Ó � Ä fg ¥ ³ è i Ô(ï � j � Ä fg ¥ ³m n è � � � )0 P É ø �
j¸ 2 3 � � � fg ¥ ³÷ b � Ó̂Ý À 4 b ��î ï ¼ Ô�� ß ë5�

 . / � � K6 7 ï �K M N / ¼ �f � 8 # � � �f 9 V V �# ¼ �

� è �^ : ß ï ¼ � Ý � � : fg ¥ ³0 
 P �ß�ã 1980�� ^T �Ý À � ¸ v � � E ãä � � � 8 � ¸

; < T < Ð # § «�= Ñ ,� Ò ë õ � E Ç î ãä � � > ¼ � ? l ��

[. * t 5�E ,�ãä \ ] �� [ M N N � �^Í @ ! Ò ë �. R E

� 	 / ¼ ' c d Ç î . ) X � ô � ! � À A B G � ß ãä � à � �§

«0 ' a X þ ¸ � � � " C �Ú F F ³ ; � 1990 �� �H � � ß Y ú
E D E �
0Ê Ë � � u S � ¸ v � � � $ KO î W B$ �Y ú�ú ð

H � � : 0� ß F � á â _ è G 76 H è i � 1989� 6É ! � Ê Ë �
G 169 I Y úÓ¸ � J � � Ä O V Ù � � � ´ Y úÔ � ¸ O î �G 13
: 19 ¬ � K � � 4 Ó,� � ¸ � ´ , Ñ O î �ãä � � � $ A� L U
Ë Ì � U 0� � $ A? \ � � � ´ ( E W BK� ' Ù � U � � � � � $

A0Ô 
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� 1992� Ê Ë � � � E ¥ ³ è i h � �fg ¥ ³ë5�� ø L ù ú
Ö ¨
��Ó M ¨Ô � � Ó # 3Ó= N ú � AO 5 # a X � ; � [. /

N � � v � � Ù î N � P © . ) � � � V Q R Ù � [� S ¿ ¸ ; �� Y

ó � T f AB E � U . ) � � Í U g AB Ñ á " � � � ¸ �� [t

5K V W Ù : X ' { . � Y Á 0Ô© � ��Ñ G 10 ¬Ó . ) X � ô á
" � � �fg ABÔ¬�
Ú � 4 3Ó= 9 F N ú � � Z É º B [ Ä A

� U B \ q ] � ^ á � [� 	 _ ` ' K a Ë � U ò fg AB ú ð �.

) � � � b _ W B N � 0Ô� � ¬� c d ef W Bv � � . / î P � �

� � �� � v � � � P � O É E ( E -�t � E & 	 v � � E î N � P

� º µ � g º � � î ( E » ¼ 0 
�4 Ú U j¸ � � E v � � $ Á �B e "v � � � P f ãä � à 


h i fg ¥ ³� j è �� ý 4 k � � � ' l � m ï v � � � P E ãä �

à ë. �"� �l n e �v � � � P fg ABÇ î �ãä � � ' h i M

oK� è E � 	 À p q�r � ; � 1 fg � O î E � � W B N � �W Ñ

f ì s a � . * � à � � | E . / Â * �? \ t � v � � � P E + å !

Ä � ï � [. / u �' � � 	 E ãä � � - . K. * � 	 � � K. * �

P N r Kãä � � fg AB D v K� � w I � U K. * x à Kfg ( )

z Á Kq . ¼ ) M N � ' À0(y  z �2005) 
P ß�j¸ 0 �T � M o ¥ ³ { 	 �� | } l ~ _ t �� çF Î } l

~ _ úç 5.1¶�v � � � } l ~ � � M � ú �# 16 ¶0(� Ä � ü � �
- � è �2002) c ú v � ��ãä � � AB � � D v � � | v � � î P ã
ä � � c d � � � � � D v � Ä Å -�À� � v � � "� � � � ' � �

��O � � , H V î P �1 © Ë ô �D v Ë � � { l ¥ ³ N � �� % Ë .

* E M o� ¸ � 0� � � J ¹ � � � � �� v � � �ãä � � �AB · �

r "v � � W B · � � " �s � a X v � � � ' Ð � �s � ãä � � E v

� � � � 0� ^� � � �l n » ¼ V v � � { l � ü �c ¼ - . v � � î

P ãä � � � � � Å �� � v � � î P �ãä � � � � � Å � � � » ¼ �

- . �� � J 4 C O � � ãä � � �� D v � Ä � -�� v � � fg AB

ãä � � B | �Ñ { l 0�ß� � Ú ! å � � v � � M N þ ¸ { l � M

h è Í v � è ë © � ï v � � { l D v �B � � ! å � � v � � M N 0

� J ¹ N � �� � Ú � � Ë Óv � � � � î � ¥ � ' ¬ ` Ô� u þ ¸ J ¹ �

B � � �  � � þ ¸ J D � � B0 �Óv � � � � î � ¥ � ' s J Ô�

Ë È J �� É �¬�
 % � �  � B þ ¸ J D �¬��� v � � � s _ �

ãä � � AB � 8 �� Ú U . * v / -Ó   . { µ ��"v � � ´ �¥ ³
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Ù fg M o0( ¡ õ ¢ �2005) 

    taromak � � f > ? @ À�� ï � ´ + � � �ý 3 8 K{ | } À�
ï ( ) � � - . �S z � � � B( ) AB E � �Í � B q [ �# � � �

� ï � [\ ] ( ) � è - . �� £ � ( ) � 	 �- . �( ) � � AB�

� � ¤ ì � ï 0¥ # ï � j F � m n è t � ` ¦ � P _ + m ï Óv � �

fg AB � [\ ] ãä � � Ô� X § ¨ l � ¥ N å �"� ` ¦ z Á © �

� ¥ 4 ^' ý q [ �c ú ª « �q [ � ¬ �» 4 *  Ð ® ¯ �1 ¯ Ó Ô

� � � � � a ¨ l j è �� � � � ° �� j è ± # v ��î ¨ l �2 W

� k   K ² « � 1 ® �ãä � * � z Á � 	 ³ # Ë ´ � � E . * � 4

µ0̀ ¦ z Á © � W B�' ý q [ X �7 1 T�Ñ 
Ó ¶ Ö · Ô�q [

� ¬ c ú ª « � F �Bb _ 0! ) � v � � � [� è 
�v � � z Á q

[ ç ó � ) ¸ ¹ ò º | µ M � q [ �î N � �3 7 z Á F � q [ ± ) �

B��� � �g b W B-�v � � ë B � ï � � q [ è  z � ò 1 » �

BE � ; ¼ � ½ l AB' _ b z Á � ï 4 ¾ ç ¿ è � | Ë S ) T� À

Á�� Â Ã ! � z Á � | q [ ´ � Ä � �³ 4 W ¶ Ö · . . 1 Å Í� �

~ � z Á N � �| P � � � P ³ 4 Æ â v � � �î M o ¥ ³ E . ) X �

ô � à �fg z Á N å 0 
 

�� ��� � � � � � � —� � �  

¶ Ö · (Gonostegia hirta (Blume) Miquel)�� � · � Ç È X
(URTICACEAE)� É Ê �(Gonostegia)�c ú � Ë �
� _ Ì KJ ` Í Í
~ u À Í Î î P E�j¸ / çF TÝ ¦ 
 Ï � � î P æ ø �q � 0; _

ô g Ð ^ ò � u � Ñ Ò : î Ó Ô Íj¸ Ú � Õ ( ) Y Ö G � × � Ø · �

u T� Â * O Ù 13 Ú Û Ü î · �X � � � � Ý � Ý Þ ß · � Ý à  �
� a á â 0ã , . �Ý ä �å æ � ã � � �� ç è K ç è �é � Kè :

é � � �ê á � . �ã ë n ê ò ì ´ � ë �õ 2-12.8 cm�í 0.7-3.8 cm�
 î ï ð : ñ ð �- � ò : � � �c e ¢ : ó ¬� ã - ¥ 4 �e ô õ

e� ö ã íè ò � � � . 0 ÷ ø � } �E ù ú û ü © à �üM ý . �þ

. ����· �üM �ú ü . � · î � ù ü � � - � � ú ü � ê ë �ü

� ó � � ú � ó � � ù ü� ë �ü  � 5 � Ë . � �� � Ê � ��
( ) Ö 
ü � � 4~9É�� 	 å� q ß Ó Ô ¥ ; 2É� � � ü� S z 0
è �� 
 C n g �ü  � ¿ �ú 1: 1.5 Y � õ�C � � 10 É0(,
 � �1999) 

         ¶ Ö ·  æ "L _ . � � ý � ä �' P � � � � Í ÷ � º î 8 �
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7 b þ Ç X � Ó Ô ò z Á A � N � � � ¯ � � ã ` K _ � È Ù � � ` 0

	 å�� � ! � 
¥ ; ¶ Ö · ( à Ú · �¤ è õ 4 1 S Ñ ò ¥ 4 W

��1 S Ñ � # O � * � � � O � � i � � �� æ Û Ü � î · ò  ! ·

" # . õ�É f l F Ý ¬�¤ ¥ 4 a X � Ý �� " $ . �. õ % � 0�

ß�¶ Ö · ( à � z Á * �è f & � �-N �¤ � õ 4 W ��� æ è

õ 4 ',�� z Á É º � � �� } � t % �( ) ¶ Ö · �. õ�P ; £

E Ç î * ö � D ¶ Ö · < z < X � Ó + þ a 0¶ Ö · ��� � � � � ¯

� kekerer�� � æ � , * � B0 ¶ Ö · �
   · 2 � � AB3 � ^ �
=2002A � 4 Ñ � � C - K . û K � / K Ã 0 ó º �ý 1 ¥ (1995)2 �
4 Ý à 2 3 É ß 4 5 - EÝ � 6 7 8 9 �� � . : K; ¨ ÍA < Àó � 0 
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�� ��� 	 
 �  

���� !� � � � " # $  

    � ´ ( ) + (ethnobotany)F è �ç 1895� = � à > _ + � ( ) + Ä
John Harshberger ?  Ó 4 �u ÷ ç � v � � ´ ,( ) � O t E W BK
� à ( ) �t 50c ú y @ ? \ � ´ ( ) + t 5� - u ¼ ' K( ) � �

W B E � ' � ¯ b K( ) � � O � � ï X+ � W BÙ v � � ´ O �  Ñ

� [ ( ) t 5 3 # 9 _ ® �0(A � B K C � D �1999) � é V � � � E
��Ñ S ¥ Ú E �"Ó� � ( ) E �� 8 ¸ ; � F F X+ Ô� y @ / ?

@ 4 ( ) + K��+ K§ ¨+ KM o + K� ´   ) + K. * + ÀH T N

� � t 5�' � � w x �Ú f ^ G v � � ´ ,( ) AB Â * �- . Z z

E � # � � � ´ E ¼ V ãä � � 8 � > ¼ ¸ ; �� TÄ � ef 4 � ´ (

) + � � � w x �° ± � ¥ ³ � ~ ñ H I 0(� � � �2002) 0 �T P \
]  Ð § «� ê � 9 0 Ú � 2 � þ ¸ � � 4 ; �O3� J ��1996EK
Ì L �1995E C M N �2003 � � � �2002Eø . ú �2004� O � õ �
2004�P � Q �2002  �{ | } KR � S =1996A�y T �(1996) �y T

�(1999) �K Ì L (1999a�1999b�1999c)� O U V (2000)À� ^· �
	 É t v � � �. / E _ ãä Å Å þ ¸ �K X ^fg AB� v / � ï ã

ä � � �AB�OP 1 ¯ É ^ � � Ç î ) T�X � ô �s É ¥ W 4 s X

� [ ( ) t 5 E ãä � � W BK( ) � � O � � ï X+ � W BÀ X Y �

. / Z [ 0 

 

���% & � � � � � �  

1972��Ê Ë � � Ì � ? A Î Ï Ð & Ñ Ò � “��� � è i ”�Á Ë
F \ ó 1 X V � � c ú � Ä �\ ù � ¥ Õ �ÓÊ Ë � ��� � è i Ö

¨Ôë� 27 � v / �Ñ 
G 22 � v / � 4 Ó  �v � � ,Ç î � P �
t 5 Ù � [ b _ �Ò ë � � � � ' Ù ¥ ³ N � � � § _ | B�H � � �

O Ù � Ç Ú U Ò ë �Ë ô K� 	 Ù AÁ �B W Ò ë º � � ( % fg ¥

³Ô�� È � F Î î P & - X ] V W K ^ _ å ` 7 K � � � J À0 ý è

i B ! 21 � S i � �Ñ 
G 26 E & - fg AB a ä ç v � � � 	 K
M o Ù ) æ Ü A�§ ú � b �× Ø H � ¥ ³ � c � � �. { N � �^Ó

� v � � �. / Ü æ 0�j¸�1997� � y 27 V � 8 d � á "�.
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* � à Ê e Ò � 4 G � H ÓÝ � � 8 . * � à è i Ô�è 
 % Ë H P ]

è i ÍH d � �÷ ø �ë © Ø f Ófg j¸Ôg Ù �B� g Ù 	 � : æ

�KÉ ï �� 1 F � S i � * � 8 5 � ü h i : � ¨ � j � K M o � K

� è � 	 Ù ãä � � � V � � � � � � Ó 4 h i � K - �Ý � �ë5�

s l n � : Ófg j¸Ô"�~ æ . / 
�ï ¼ 0=. * � à Ê e �1997A 

� ´ ( ) + � � B? \ � M o ( ) + E �î . * + �� M o ( ) +

�� Æ ¨ k Íq . ( ) � M o ¥ ³ E fg AB�� � ( � � � �2002)�
l ä � y ° ± ,�v � � � ´ ( ) + � - . � � a X � � � æ ç �� ,

�� F m n é � � ( ) fg AB · ��	 B1 X �= Ñ ç^� � � 	 |

� - o T ¥ ³ � ´ µ ( ) � p � æ ç s ç ` � q O�' �� � � � � ã

1997� � 2 � ï � P r � N r � | �� �ãä � � fg AB N � � � �
� �- . �© � Ú n é ¸ �( ) fg AB�, ü �B s P ^P | �¥ ³

v � � ( ) { l �w ` 0 
    { | } =1999A¥ Õ Ó ± t ãä � v � � � 	 ç õ u Ô� D õ v �
� ^ G �. / O � E ' ý ë ¿ �� ° ± � ,ßT � ´ ' v ñ } ) ! ) �

� 	 �= Ñ ç T 	 * � w x s �¦ § �B � P º � v � � � � ^Óv �

� � P { l Ô� Ó + T � , ; �� ± ² �§ W ¥ W ã y �_ ãä � 	 0

�
 © � Ú Ó 4 � � î �fg ABKY � î �fg ABKq . ¼ ) �f

g ABK� � � �fg ABKz l � � �fg AB E { | E � 	 � � �

fg ABÀ ¦ � y @ �^ � a v � � � � º � s � � �± Ó �-¥ ³ �

� { l 0é * � ¥ Õ Ó � v � � { l f _ ãä 4 ¥ Ô={ | } �2000cA�
} õ � � �F � ; Å �© � C ~ ãä � � �fg AB É ^ C û � � � �

� � M o ¥ ³ E ¨ l È F �© � s × Ø � � þ ¸ l � º � J ¹ · � � �

�o � �B � � Ç î v � � "� M N � ' � ! Q �OP É ^� v � � !

) �' ý Z [ � B� ; � � { l � · �© � × Ø Ú s P O î � ' j ¸ �

� � G v � � { l ¥ ³� " � �^ë © C û � � } l È F ^Í M o ¥ ³

È F 0 
    � 2005�Ó � P � à + � � é è Ô
�{ | } ¥ Õ Ó�� � � �
� v � � � [\ ] q . ( ) fg AB � � G F �� ! � Ô({ | } �
2005)�Ó 4 q . ( ) fg AB É Æ â M oK� � Í� 	 � Ó + 0B D õ
q . ( ) fg AB ¬ � º Ú U . ) X � ô » ¼ ò . * � � 3 ^ãä �

| �± Ó -�� ï � ( ) AB ï �0 
 

�� ��% & � � & ' ( )  
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    � � � � z Á è � | q . ( ) ´ � � î Ä � � � : � | ¼ V ( ) ´

� � � g �� ^ � � � ï . * � � Q º � � q . ( ) �fg AB0^-

� 0 �T + å�q . ( ) . * � � �- . S z � · O-3 
    1986��� õ ' � Ä Y � � ' �m � A � � � ï Ó � õ ' � Ä Y �
j¸ � � . * �- . � � Ô� n é ?��� � � � Í � * K� � E � l

bK� . ( � K. à î ¬  Kî · � � . { µ Kz � � �ÍW � � . õ

� � À�^ A 1 u Ó � õ ' � Ä Y� P y � D z � � �� | l ú } Ô�

Ú U � P y � � . * Í Æ â Ç î k � � $ Á 0� �^N Â � P��� l

���� 0¶K50¶ Í 100¶ ¢Tz � ���� � 8 ã 74� 9 É: 75
� 5 É � 0% C ef, á á E � ' á �ne V Ç û�' 50¶ z � �E

100¶ z � � B � Ç û�z � ,?��� ´ � � ê � y 1��e V w

x�50¶ E 100¶ z � �¤� � �W � � � ¥ b� � bz � �e� "

� ¥ � �; £ �PE� 8 � � Ó � < z < ¥ Ô� Ó + þ a ��P�� �

3 � ê � % C �,õ � � � B 1 � ä ÉÔ |   � � - o ��õ � z � ,

?��� ´ � � � � a Þ � 'm � �0 
    2001��� õ ' � Ä Y� � ' � m � ¡ . K¢ 
 £ K¤ � ¥ (2001)�
� ï Óz � / ¼ , � �� . { µ � w x � �R � Ô�� 8^ 0¶K50¶ Í
100¶1©z � ¦ �� � ' � Ë . )b� - . n é z � / ¼ , � �� .

{ µ � w x�% C ef � � � ' ´ � �¥ � be V ºq ß´ � ��» Ý

1 | z � � ' � P�ó£ ¥ � b� 22 à/4m2�� 50¶z � � ' � P�

ó£ ¥ � b� 38 à/4m2�� ï 100¶z � � ' � P/��� 50.5 à/4m2

�ó£ ¥ � b�^ Ý � ? R �¥ � bT Q �0¶K50¶ Í 100¶£Hã

�e V Ç û��� § �¨K£M . õ © � a 1t Ñ õ � w x0 
� õ ' � Ä Y� �?���ª ä ´ � �1999� 8 _b� ü ¬ : «

ª�́ � � s W� J l ¬  ¿ V� � î - Ú � ® �T� ¯ � . õ� Å Í

EÑ Ò î  � )T ° ± 6 õ � Ä � £E?��� ´ � x ² � � � � Q

R � ¸ ; 0� � õ ' � Ä Y� � ' � � 8 m � ¡ . K¢ 
 £ K¤ � ¥ (2002)
� ï Ó � õ ' P?��� s W � �Í ³ ´ . * � �Ô� U g � �?��

�T� ¯ ´ � Q �� � 	ÍT� ¯ � . õ Ä � �B ®  (  µ ¶ �Í �

	� S z �4 C T� ¯ � x ² Ä � �^Ô | M N � ' � ( 4 0� �% C

ef?���g ¯ . õ � · ��� ¸ · t%�x ² Ä � ¹ ® R S �T�

¯ - º � t%� � ä ì � õ e ® � �. õ Ä � ¹ ® 0� (  - . N � �

?��� Ð $ � . ( � cú É��M � �· � �?���T� ¯ Í « �

» à, ¼ � ^ u ( ) ½ . �- � � î  ( )/X� ¾ � K̀ u À ¿ À ô (
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)�É¥ ;��T� ¯ � � �� Á Â S �P]. õ Ä � ¹ ® �µ ¶ � R

S t%�W Ñ ² ` u ò Ã g� u ( ) v ñ Ä ����º � Ä Å Æ �P

]�O m Ç � ä òg º M È � ° ± µ Ä ã � µ ¶ � Ä Ï0 

    2003�{ | } Ð ï � j k m è ý í É m � �� ï Óv � � � ´ ( )

� � f g A B � �—^� ³ ´ �� � �� � � ` Ô� � �efzÁ Ê Ë

�K' Ì üÀ,V È )Tò. * � � � w xa � ° Í �. * � � £�º

� ê � y � É ± x v �0P R � Ñ Ò - . N J �§ ú �zÁ � � � �Î

,�� ° ±zÁb � Ï�zÁ� n Ú A Ï I zÁYú�Kì �' P!

ÐKÑ ¨ K Ò � À��PÉ� ¤ ì , . * � � r " õ e w x0ý � �h

iP R � q . ( )f g A B ¬ �ºÚ U . )X � ô » ¼ò. * � � 3

^ãä � | �±Ó -�Ë ' � ï � ( )A B ï �0ã 2003� 10É: 2004
� 3 É � Ã � � ï : î zÁ^T�¤A º� U ��P . * � � �» ¼0

f g ( )zÁEFÎ k l K� j k l þ Ó �� 0 Ô ^ _ �^� � F µ �

c�� . { Õ ,�ç º » Ú U ãä . * � � � | �. { N �={ | } �

2000bA�Éø ^ f g ( )zÁ Ó Ñ Ò ( ) . { N � s Ë ´ � � � U v

/0zÁ ( )M o A Á ß�Ú � Ö ö �� 	 3 ^� � 0� � zÁ ( )

�Ú � w U ' ý E × Ø Ù Ú KÙ Û KÙ ¹ Àï ��É 8 Ï Â Ã Ç î . *

� �  Ü Ã 0�P�q . ( )f g A B � � � c � � � M o . { K� 	

� � Í. * � U ÀX§÷ ¥ � q 3 � � %^» H 0({ | } �2004)  

 

�*��+ , - . / 0 � � 1 2 3  

    � ( ) . õ! � 
�� n � �� �æ �@ � ( ) . õ b (auxins)�e

W � � Ý  G n � � Þ �òç �� Ú � ( ) . õ b � ß � à � 4 È � �

. õ�ò H á � � b (cytokinin)� J #� È � À� b � r " n � Ý ä

(apical dominance)�n � Ý ä W 3 È � � J � . ò à � Ñ . õ��P (

)� ï � � (â Ý ¬ �n � Kn ã ä å ) æ )� ' *�çÜ n � Ý ä �É

eW È � ¥ . Ù . õ�t%� Ý 7 ° 0� � � � | � k � ò� � . { ·

ç F � e" è � � ] � �M æ  �B � Ó é ( )�¼ Ý oê] ë 
^ �

º » W( às %& ì òç � 4 s X�ü í � � ß2� a X î [ (O)^ �

i ï ã | � � B �B Ée� . õ�^ ð g z ñ ( ò s Ç �1991)0 ¸ �o

ê,( ) . õÍ � ü � w x�þ ¸ � 	 O-3 
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    ó ô õ (1990) � 2 ÉK4 ÉK6 ÉK8 ÉK10 ÉÍ 12 ÉÀ1©� �

, ö ÷ ü � ï oê���% C ef�º� ø © ¤ oê��oê*W � �

¥ º � �Ý ¬ ºõ�:-8 � ü � ï � 8 º ê E��ºÏ ø © ¤ � ï o

ê�/oê*úï 5 ù: 6 ù � � 8 �Q ø W � � 4 �K Ý ¬ . õ ú û �

üM ºg�:-8 � ü � ï � 8 2ºõ0� ß�þ ©oêÉ Æ �Ó º 50
Í 70Y�1©oê � �, R ü Ü æ � w x�% C ef� ø © ¤ ��1

� !�&ê�� Ý �
/^º� ø �oê � ºã �ºÏ ø �oêÉº

&�'ü � ��^ � 4 ¤ oê� R ü Ü æ ü 0PÉø Ó é B ý è ü ^

��N � . õ� � � ï � � ò ° þ ê� � �( à � " s X�� Ý 0 

    � � �=1997A� � C oê&�, � � ( à . õE � ü� w xEn

é � üÝ ã �Ë ô �,z ñ C : *� � � ] � ï ° êK
êK§ê�%

C efoê è w x � � � � � ¥ �Ý ã . õ � Â K] � ,~ � � þ i �

1 w xüM � " ~0̈ Ý ã � ' � � '¨ �
ê�9� A � � �~* �

è � � ' 0 

    P º � =2001An é 1©oê© ¤ Eoê � �, � § � . à� w

x��	 © Í
 © �È � ï ° êK
êK§ê¢T1© � ��oê � ' �

B - . oê© ¤ E � �, � § � . õE � ü � w x0��% C õ � �e

f�� § � �	 © � ï ° ê:
êºº� � ( ) È � �. õ�� '� �

X7 þ � . õÂ * � Ý ¬ �W ý üà Â Éº� � Q � � ��,�P�¤

B � e� � ü� � C 0�£
 © �/ ° ê � ' è r " � üº1oê Þ �

�  �� ºW( à � 4 9X�ü í '�9 ® � � üÓ é Ü æ �'§ê/

� ( ) ºX Ý ã . õ�� | ü � � " ¦ § � *0¼ � '¨ �� § � ý ü

è � · �oê ç � ú �� � � | �K! � 
 � ^ ° :
ê� ü �§ê/

� � F� � � ç 1 A . õ � ü�oê N �0 

    Guan Dong-Sheng (1993) Ó 4 1©�� ¦ ~�. )b=aboveground 
biomassA� ¸ � �� � � � ï 9ÉF8K4 VÉF8Í 1�F8����

��% C ¥ ;9VÉF8�. )b� 183 gm/m2 /��4 VÉF8�. )

bt%# 366 gm/m2 /��1�F8�. )b� 385 gm/m2 /�EPß Guan
� 1991-2000��M T1©( )á " �P](¾ � î E� î ) � ï þ © ¦

~(1�F8)������% C ef3� î � Æ �± 5��ó£ { b�

379 gm/m2 /��* 5��ó£ { b Ó � # 570 gm/m2 /�E ¾ � î � ��

± 5��ó£ { b� 308 gm/m2 /��* 5��ó£ { b2 Ó �# 486 
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gm/m2 /��PÉø 1�zÁF81¯ºf g zÁ s � � � . )bt

%0 
    Chen Rong-jun (1998)� � � Ù B 	 É � « � r " � � � È F �l n

» H . ) � « � ® � �'- . 1©�� ¦ �E © ¤ ,� î (  � w x�

h iFVÉ^ f g ñ � �N J 0| å� � � E H J M �� î � ï 6 VÉ

18K1�F8Í 2�F8������% C ¥ ; 2� ñ � F8�. )

b � õ eÄ ��� 1�E � � ñ � F8�. )b� õ eÄ ��K� ¦ �

� ñ � è ; ÏTc d �Eî � · �. )bt%~=aboveground biomass 
incrementAE'Ïò
 ¦ �� ñ � É ( ) . õKW . )bt%~t%0

Pß�� � � ñ � F8���
¥ ;�2-8 É . )bt%~õ e_� 8-2
É . )bt%~�ef 2-8 É�� î cú . õ © ¤ �� | å h i��.

õ © ¤ !*� � ï ��� � � . )b�t%09* | åÓ 4 . ) � « f

g A B � ¬  3W(  � U �. * � Ý K ¤ úWB �� * Kñ �� ß�

. )bK ñ � 1É r " . )bE. )bt%~Ä �0 
ó Ë � (2005)n é » H 
 � �F I �¨K	K£K
K4 ùK8 ùK

10 ùÍ 12 ù1©� � Í1©�8-, Å )§K k � ô �K�� h æ K

� � � Ú @ bEþ , � � q À � w x0� �% C ef�� � N � �G 12
ùñ �� Å )§e V �� 8 ùE© ¤ N � �Å )§^	 © 9��
 © 9

Ï�¨£M © 8 � e V Ç û0¨© ^ 10 ù�9 ü � � �	 © ú 6 ù�

£ © ú 8 ù�
 © /« 9· ã \ ��' S 0 
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���� � � �  
    ^· � 	 Ét � �E � Ç �oêòzÁÉ ( ) ( ) . õ�)  n

� Ý ä �eW È � ¥ . Ù . õ�t%� Ý 7 ° 0'oêKzÁ�&�E

¦ ��9cú � � b �� u � �zÁ��Õ R ^1©�zÁ&�E ¦ �

� ï ¶ Ö·zÁ��� � P &�E ¦ �� 4 b
 ³ #9 ü zÁ % ��

^�# f g zÁ0Pß� Ó Ô ¥ ;� � * ö �zÁq [ �æ è â q [ �

� Ñ  î  ( ) . �Ñ O �É ! � ¶ Ö· . õ3 s ® �����
%

� ����n é � ç ¿ � � � ¶ Ö· f g zÁ0 

 

�� ��2006 � � �+ , 4 5  

� � �n é HTzÁN �,ý )T s Wò Ç î . )X � ô � w x�u �

�� 2006/1/13G�� A " ý Ç 14-15Y ù � ���ú 1100Y#���

OÙ 2�, ¶ Ö· � ï zÁ�� � �0n é zÁ&�K ¦ �,  zÁ)

T� w x0�� N J O-3 
1.zÁ)T� S ¥ 3¶ Ö·� ¶ Ö·�q . ( )f g A B �� î P 7 b

c d K R S �î  ( )0 
2.��� 8 32006/1/13-5/20 
3.zÁ&�� S ¥ 3 u � �
 � zÁ� ( à & � $ � Ú n �õ�0��

� zÁï �K^ % 7z � ï ã� Ú n & GúG 4-5 ,ã��ú 10-15
Y�õ � ° �zÁKÍ^' � ¼ L � i �ú 30Y�^· õ�� &�

zÁ0 
4.zÁ ¦ �� S ¥ 3 u � �
 � 8 ( ) S � 8 õ�| § µ zÁ � ¼ | 0

�� � zÁï �K 8 ( 1 ùzÁF8K 8 ( 2 ùzÁF8K 8 ( 4
ùzÁF80 

5.�� S ¥ 3��¶ Ö·�Ñ  î  ( )B * ' , 0���E1

� 2 T0 
6.zÁ� { b� S ¥ 3 u � � � �zÁ � ¶ Ö·ú 10-15Y� � ï ã +

, 4 T - §�^Y�§� l �0 
7. Ý ¬ 7 � S ¥ 3 u � � � ¶ Ö· ( à.! 10Y�^· �� Ý 7 ° 0 
8. µ ¶ �� S ¥ 3 u � � � 1m2gP y ¶ Ö· � µ r � l � \ � Ó 0 
9.zÁå3 ` ¦ zÁ © zÁ n �£��� � �� � � � �1-3 É ý / O


 � �4-5 É C 0 � g 1 0 
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10. � P Õ � N �3��Õ R z1» Ý á Ë �» Ý 2 j ���, 3 TzÁ

&�K3 TzÁ ¦ �K�1��ë Õ � 18 T� ' �9 � ' 3§
3�9§3 1m × 1m�gP�ë 54gP0 

11.zÁ,)TV� w x � - . 3� - . HgP y zÁ)T� µ ¶ �K.

! 10Y�õ � � Ý 7 ° KÉ�  zÁ�q [ � Ý ¬ 7 Ù§b0 
12. Ñ Ò 3 · · ß�- . ( )�Ú Z z 4 5 � � � � 	KzÁ X 6 ,O

� w xÍ ¼ ) � Å Ä Å À0 
 

� ��2007 � � �+ , 4 5  

2006��� � ï : 2006/5/20�� ª « ��% C ¥ ;9ùF8K9

2 ùF8E9 4 ùF8�3 TzÁ ¦ �£ è W{ be V Ä ����

2006/8/23�§W Õ R �� N J �® ^9 8 ùF8K9 16 ùF8E9 20
ùF8�3 T ¦ �� ï zÁ0��� � ï : 2006/11/8 � P  Ü Ã �� �

2007/2/2 §W � ï ��0Pß�� q ß Ó Ô ¥ ; ¶ Ö·�A " ý Ç � �

��ú� 1000-1400Y#�� 1400Y# � � ¶ Ö· ( à � * º 1000Y
# � ê gE� ¥ ;_` { l Ç µ ��� 600Y# � � � ¶ Ö·� Ë �%

· ( ) . õ� � � ��
�����1©�è r " ø �K7 �À þ � �

��Ç û(8 õ Î �2003)��^ 400 Y#� 8 ( � Ó º¢T��, ¶ Ö

· � w x0�� N J O-3 
1.zÁ)T� S ¥ 3¶ Ö·� ¶ Ö·�q . ( )f g A B �� î P 7 b

c d K R S �î  ( )0 
2.��� 8 32007/2/2-6/22 
3.zÁ ¦ �� S ¥ 3 u � �
 � 8 ( ) S � 8 õ�| § µ zÁ � ¼ | 0

�� � zÁï �K 8 ( 8 ùzÁF8K 8 ( 16 ùzÁF8K8 ( 20
ùzÁF80 

4.�� S ¥ 3��¶ Ö·�Ñ  î  ( )B * ' , 0���E1

� 2 T0 
5.zÁ� { b� S ¥ 3 u � � � �zÁ � ¶ Ö·ú 10-15Y� � ï ã +

, 4 T - §�^Y�§� l �0 
6. Ý ¬ 7 � S ¥ 3 u � � � ¶ Ö· ( à.! 10Y�^· �� Ý 7 ° 0 
7. µ ¶ �� S ¥ 3 u � � � 1m2gP y ¶ Ö· � µ r � l � \ � Ó 0 
8.zÁå3 ` ¦ zÁ © zÁ n �£��� � �� � � � �2-5 É 8 b 9

g 1 �5-6 É K : Y 
 � 0 
9. � P Õ � î } 3�_` { l Ç µ �� � � ² � � kapaliwa � �� 600



    

 15

Y# � ( ; . 250447�2516905)E A " ý Ç �� 1000Y# � ( ; .

253394�2523056)E�� 1400Y# � ( ; . 249990�2526331)�ë 3
V�� î 0 

10. � P Õ � N �3��Õ R z1» Ý á Ë �» Ý 2 j ���ë Õ � 15
T� ' �9 � ' 6§3�9§3 1m × 1m�gP�ë 90gP0 

11.zÁ,)TV� w x � - . 3� - . HgP y zÁ)T� µ ¶ �K.

! 10Y�õ � � Ý 7 ° KÉ�  zÁ�q [ � Ý ¬ 7 Ù§b0 
12. Ñ Ò 3 · · ß�- . ( )�Ú Z z 4 5 � � � � 	KzÁ X 6 ,O

� w xÍ ¼ ) � Å Ä Å À0 
13. � � ��3�b9FgP � ª � < = �K� . ( )� µ ¶ ��^n é

· · � � ��E ¶ Ö· µ ¶ � ç ¿ þ ¸ 0 

 

����� � �+ , 6 & 7 8 9 4 5  

�4 C ¶ Ö·zÁ*. õ� % �E · ~�, á ¶ Ö·zÁ�� � �

�% C �^ � n é 4 ¶ Ö·9 ü zÁü ¶ 0 : � N J O-3 
1. � P Õ � î } 3E 2007 ¶ Ö·zÁ�� þ ©0 
2.¢V�� î é j , i 10 à¶ Ö·�9àH i F Ý ¬ �zÁ*9É Ó Ô

B S z Ñ . õõ�0 
3. . õõ� S ¥ 3 & � � õ 4 W� Ý � rõ�0 

 

�*��: ; < =  
u ��% C WB STATVIEW [ R > � �^ � û 7 � p -ANOVA �

�1©��KzÁ ¦ �KzÁ&�� 8 ç ¿ � �e V Ç û�� ^ Duncan’s
Ó º � ' Hó£q Ç û�e V ô EB ^þ ¸ � p (correlation)�� ¶ Ö·

µ ¶ �K Ý ¬ 7 EzÁb� � þ ¸ Eª � < = �Krµ ¶ �K��E ¶

Ö· µ ¶ �� � þ ¸ 0 
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�� ��� � � � �  

  �� ��2006 � � �+ , 4 5  

    ? ��zÁ� { bK Ý ¬ 7 K µ ¶ �¢V� ° | é ê �9F � ° 


� ?@ zÁ ¦ �K&�E�E ¿ ¢V � �0 

��� � � � � (� � ) 

¶ Ö·zÁ� { b(� §)�u ��9§ú � ( 4 7 Ò �2�º ¿ f g z

Á � ¸ � E% C ef�2006 ��
HT�� N J £W ¶ Ö· { b- ; �

� J f g zÁ�HT� ' � Ç ûO Õ 10 
(F)zÁ ¦ � 
zÁ ¦ � 1 ùF8 2 ùF8K4 ùF8 � 8 �zÁ� { b� � Ç û�

¼ � Q T� ¦ � < � { b < Ï3�7zK1�� Ä Å -�1 ùE 2 ù

Ù 1 ùE 4 ù£�ne V Ç û(p<0.01)E�7zK�� Ä Å -�1 ùE

4 ù�ne V Ç û(p<0.01)�2 ùE 4 ù�e V Ç û(p<0.05)E�'�K
1�� Ä Å -�H � ' 8 £�ne V Ç û(p<0.01)E�'�K��

Ä Å -�1 ùE 4 ù�e V Ç û(p<0.05)0 
1.9ùF8 
9ùzÁF8�zÁ� { b � 	OÙ 3�9ùzÁ1ê ç 7zò'

�ò�E ¿ �£W� { be V - ; :nÏ�7 b01 É 13~GF8z

Á��7zK1� � P=W1-S1-C0A9ó N Y#� 53.3±10.4��G

�8zÁ�@ 16.3±7.8��OP# 2 É Æ ^*� ì ´ A 1# 10�07

zK�P=W1-S1-C1A 28.3±12.5��# 2 É�Ú � 1# 10�0
'�K1�P=W1-S2-C0A�GFK�8�È zÁ 50.0±13.2
�,44.3±55.3��� * ¨ 1# 10�0'�K�P=W1-S2-C1Af 31.7±16.0
��G�8z� � @ 8.3±2.9�0 

2.2 ùF8 
2 ùzÁF8�zÁ� { b � 	OÙ 4�2 ùzÁF81ê ç 7zò

'�ò�E ¿ �£W� { be V - ; 01� � P- ; :ú 10��
� � P/- ; :1# 5�01 É 13~GF8zÁ��7zK1� �

P=W2-S1-C0A9ó N Y#� 21.7±5.8�� G *_ú� 10� A B 07

zK�P=W2-S1-C1A 31.7±12.6��# 2 É�Ú � 1# 5�0'
�K1�P=W2-S2-C0AfGF8zÁ� 43.3±16.0�� � *� 10
�· - C D0'�K�P=W2-S2-C1Af 25.3±17.0�#1 î 5�0 
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3.4 ùF8 
4 ùzÁF8�zÁ� { b � 	OÙ 5�4 ùzÁF81ê ç 7zò

'�ò�E ¿ �£W� { b¶ Í - ; �Ñ - ; E �º9ùzÁK9 2
ùzÁF8T3 g07zK1� � P=W4-S1-C0A1 É 13~GF8

zÁ�9ó N Y#� 26.7±28.9�� G * a v ñ - ; �5 É 8~�¯@

3.0±0.48�07zK�P=W4-S1-C1A 48.3±7.6�- ; : 18.0±12.7
��3 É- ; : 6±3.5��4K5 É Þ ± � :ú 13�0'�K1�P

=W4-S2-C0AfGF8zÁ� 21.6±2.9� õ e- ; : 4.5±3.7�0'�K
�P=W4-S2-C1Af 31.7±5.8�º ú Ù î - ; �5 É Æ �¯@ 9.3±6.9
�0  

(�)7z ï ãE'� 
2006 ��
�S zÁ&���7z ï ãE'� M T&��1©&� 8

�zÁ� { b� � Ç û��¼ � Q T�&� < �� | { b < Ï3�9 1K
2 ùzÁF8K�ò1�� Ä Å -�7zE'�£�ne V Ç û

(p<0.01)E� 4 ùzÁF8K1�� Ä Å -�7zE'��ne V Ç

û(p<0.01)E� 4 ùzÁF8K�� Ä Å -�7zE'��e V Ç û

(p<0.05)0Ó º ¶ Ö·^7z ï ãE'� � ' �zÁ� { b � 	OÙ 60 
1.7z ï ã 
7z ï ã� { b � ê ì ùzÁF8ò�E ¿ �£õ eº'� � '

_01 É 13~GF8zÁ��1 ùzÁF8K1� � P=W1-S1-C0A�
9ó N Y#� 53.3±10.4��G�8zÁ�@ 16.3±7.8��OP# 2 É

Æ ^*� ì ´ A 1# 10�01 ùzÁF8K�P=W1-S1-C1A�
28.3±12.5��# 2 É�Ú � 1# 10�02 ùzÁF8K1� � P

=W2-S1-C0A9ó N Y#� 21.7±5.8�� G *_ú� 10� A B 02 ù

zÁF8K�P=W2-S1-C1A� 31.7±12.6��# 2 É�Ú � 1# 5
�04 ùzÁF8K1� � P=W4-S1-C0A9ó N Y#� 26.7±28.9
�� G * a v ñ - ; �5 É 8~�¯@ 3.0±0.48�04 ùzÁF8K

�P=W4-S1-C1A 48.3±7.6�- ; : 18.0±12.7��3 É- ; : 6±3.5
��4K5 É Þ ± � :ú 13�0 

2.'� 
'�� { b � ê ì ùzÁF8ò�E ¿ �£õ e Ó 7z ï ãg0

1 É 13~GF8zÁ��1 ùzÁF8K1�P=W1-S2-C0A�GFK

�8�È zÁ 50.0±13.2�,44.3±55.3��� * ¨ 1# 10�01 ùzÁF

8K�P=W1-S2-C1A� 31.7±16.0��G�8z� � @ 8.3±2.9�0
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2 ùzÁF8K1�P=W2-S2-C0AfGF8zÁ� 43.3±16.0��
� *� 10�· - C D02 ùzÁF8K�P=W2-S2-C1Af 25.3±17.0
�#1 î 5�04 ùzÁF8K1�P=W4-S2-C0AfGF8zÁ�

21.6±2.9� õ e- ; : 4.5±3.7�04 ùzÁF8K�P=W4-S2-C1A
f 31.7±5.8�º ú Ù î - ; �5 É Æ �¯@ 9.3±6.9�0 

(¢)�E1� 
�n é � ç ¿ ,f g zÁ r " w x�����Õ R 
% � ���

�0% C ef�E1��e V Ç û3�9 1K2K4 ùzÁF8K7

z ï ã� Ä Å -��E1�£�ne V Ç û(p<0.01)E� 2 ùzÁ

F8K'�� Ä Å -��E1��ne V Ç û(p<0.01)0 Ó º ¶ Ö

·^�E1�� ' �zÁ� { b � 	OÙ 70 
1.� 
1 É 13~GF8zÁ��1 ùzÁF8K7zP=W1-S1-C1A�

28.3±12.5��# 2É�Ú � 1# 10�01ùzÁF8K'�P=W1-S2-C1A
� 31.7±16.0��G�8z� � @ 8.3±2.9�02 ùzÁF8K7zP

=W2-S1-C1A� 31.7±12.6��# 2 É�Ú � 1# 5�02 ùzÁF8K

'�P=W2-S2-C1Af 25.3±17.0�#1 î 5�04 ùzÁF8K7z

P=W4-S1-C1A 48.3±7.6�- ; : 18.0±12.7��3 É- ; : 6±3.5
��4K5 É Þ ± � :ú 13�04 ùzÁF8K'�P=W4-S2-C1Af
31.7±5.8�º ú Ù î - ; �5 É Æ �¯@ 9.3±6.9�0 

2.1� 
1 É 13~GF8zÁ��1 ùzÁF8K7z � P=W1-S1-C0A9

ó N Y#� 53.3±10.4��G�8zÁ�@ 16.3±7.8��OP# 2 É Æ

^*�ì ´ A 1# 10�01 ùzÁF8K'�P=W1-S2-C0A�GFK

�8�È zÁ 50.0±13.2�,44.3±55.3��� * ¨ 1# 10�02 ùzÁF

8K7zP=W2-S1-C0A9ó N Y#� 21.7±5.8�� G *_ú� 10�
A B 02 ùzÁF8K'�P=W2-S2-C0AfGF8zÁ� 43.3±16.0
�� � *� 10�· - C D04 ùzÁF8K7zP=W4-S1-C0A1 É

13~GF8zÁ�9ó N Y#� 26.7±28.9��G * a v ñ - ; �5 É 8
~�¯@ 3.0±0.48�04 ùzÁF8K'�P=W4-S2-C0AfGF8z

Á�f 21.6±2.9� õ e- ; : 4.5±3.7�0 

���  !  

¶ Ö· ( à�� Ý õ�.! 10Y��� � �É zÁ�õ�� Ý ¬ 7

< X/zÁb < X(� þ ¸ �p<0.0001)0 
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(F)zÁ ¦ � 
zÁ ¦ � 1 ùF8K2 ùF8K4 ùF8 � 8 � ¶ Ö·Ý ¬ 7 � � Ç

û�¼ � Q T�¦ � < � { b < Ï3�7zK1�� Ä Å -�HT ¦

�� 8 £�ne V Ç û(P<0.01)E�7zK�� Ä Å -�1 ùE 4 ùK

2 ùE 4 ù£�ne V Ç û(P<0.01)E�'�K1�� Ä Å -�1 ùE

2 ùK1 ùE 4 ù£�ne V Ç û(P<0.01)E�'�K�� Ä Å -�H

T ¦ �� 8 £�ne V Ç û(P<0.01)0 
1.1 ùF8 
1 ùzÁF8� ¶ Ö·Ý ¬ 7 � 	OÙ 8�9ùzÁ1ê ç 7zò

'�ò�E ¿ �£W ¶ Ö·� Ý ¬ 7 e V - ; � = Ñ �P= � õ

e01 É 13~GF8zÁ��7zK1� � P=W1-S1-C0A9ó N

Y#� 30±4.6 à�G 2 ù 32±3.5 à�1 VÉ* � � 10 à A B C D07

zK�P=W1-S1-C1A 24.0±8.0 à�1 VÉ*� 8±4.4 à�� :?

g - ; :ú 5 à0'�K1�P=W1-S2-C0A�GF8zÁ 34±5.3
à�1 VÉ*@ 15.3±11.0 à�4 VÉ*� 12±1.0 à0'�K�P

=W1-S2-C1Af 21.0±6.6 à�1 VÉ*@ 8±3.6 à�9*@ú 5 à0  
2.2 ùF8 
2 ùzÁF8� ¶ Ö·Ý ¬ 7 � 	OÙ 9� Ý ¬ 7 F G � 2 ùzÁ

F8'e V - ; �� E �º9ùF8�g�1�PzÁ w x1 õ e0

1 É 13~GF8zÁ��7zK1� � P=W2-S1-C0A9ó N Y#

� 17.0±4.0 à�G * H t%: 32.7±22.0 à�3K4 VÉ� Ú U ú 22 à0

7zK�P=W2-S1-C1A 23±3.5 à�� *- ; :ú 10 à0'�K

1�P=W2-S2-C0AfGF8zÁ� 24.7±9.2 à�* � ú� 20 à A

B C D0'�K�P=W2-S2-C1AF � 2 � I Ï�¯ 14.7±5.7 à�

G */- ; : 7K8 à A B 0 
3.4 ùF8 
4 ùzÁF8� ¶ Ö·Ý ¬ 7 � 	OÙ 10�4 ùzÁF8'1�

å�¶ Ö·Ý ¬ 7 � 	1_�'��å/ ¶ Ö·� Ý ¬ 7 � õ e�t

%01 É 13~GF8zÁ��7zK1� � P=W4-S1-C0A9ó N

Y#� 27.0±12.1 à�4 VÉ* ; :ú 20.3±4.5 à07zK�P

=W4-S1-C1A 19.3±1.5 àt%: 55.0±21.8 à0'�K1�P

=W4-S2-C0AfGF8zÁ�f 17.0±1.7 à�t%: 20.7±13.2 à0'

�K�P=W4-S2-C1Af 21.3±3.1 àt%:ú 30 à0 
(�)7zE'� 
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2006 ��
�S zÁ&���7z ï ãE'� M T&��1©&� 8

� ¶ Ö·Ý ¬ 7 � � Ç û��¼ � Q T�&� < �� | { b < Ï3�9

2K4 ùzÁF8K1�� Ä Å -�7zE'�£�e V Ç û(p<0.05)0
Ó º ¶ Ö·^7z ï ãE'� � ' � Ý ¬ 7 � 	OÙ 110 

1.7z ï ã 
7z ï ã� { b � ê ì ùzÁF8ò�E ¿ �£õ eº'� � '

_01 É 13~GF8zÁ��1 ùzÁF8K1� � P=W1-S1-C0A
9ó N Y#� 30±4.6 à�G 2 ù 32±3.5 à�1 VÉ* � � 10 à A B C

D01 ùzÁF8K�P=W1-S1-C1A 24.0±8.0 à�1 VÉ*� 8±4.4
à� � :? g - ; :ú 5 à02 ùzÁF8K1� � P=W2-S1-C0A
9ó N Y#� 17.0±4.0 à� G * H t%: 32.7±22.0 à�3K4 VÉ� Ú

U ú 22 à02 ùzÁF8K�P=W2-S1-C1A 23±3.5 à� � *-

; :ú 10 à04 ùzÁF8K1� � P=W4-S1-C0A9ó N Y#�

27.0±12.1 à�4 VÉ* ; :ú 20.3±4.5 à04 ùzÁF8K�P

=W4-S1-C1A 19.3±1.5 àt%: 55.0±21.8 à0 
2.'� 
'�� { b � ê ì ùzÁF8ò�E ¿ �£õ e Ó 7z ï ãg0

1 É 13~GF8zÁ��1 ùzÁF8K1�P=W1-S2-C0A�GF

8zÁ 34±5.3 à�1 VÉ*@ 15.3±11.0 à�4 VÉ*� 12±1.0 à01
ùzÁF8K�P=W1-S2-C1Af 21.0±6.6 à�1 VÉ*@ 8±3.6 à�

9*@ú 5 à02 ùzÁF8K1�P=W2-S2-C0AfGF8zÁ�

24.7±9.2 à�* � ú� 20 à A B C D02 ùzÁF8K�P=W2-S2-C1A
F � 2 � I Ï�¯ 14.7±5.7 à�G */- ; : 7K8 à A B 04 ùzÁF

8K1�P=W4-S2-C0AfGF8zÁ�f 17.0±1.7 à�t%:

20.7±13.2 à04 ùzÁF8K�P=W4-S2-C1Af 21.3±3.1 àt%

:ú 30 à0 
(¢)�E1� 
�n é � ç ¿ ,f g zÁ r " w x�����Õ R 
% � ���

��% C ef�E1� 8 �e V Ç û0� 1 ù - . F8K� zÁ�

Ä Å -��E1��ne V Ç û(p<0.01)E� 1 ùzÁF8K'�

� Ä Å -��E1��ne V Ç û(p<0.01)E�9 2K4 ùzÁF8K

7z ï ã� Ä Å -��E1�£�ne V Ç û(p<0.01)0 Ó º ¶ Ö

·^�E1�� ' � Ý ¬ 7 � 	OÙ 120 
1.� 
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? �� � zÁ(, á á )EzÁ� �n é 3 
(1)� zÁ 
FV � P�1zÁ�_ú 4 VÉ* ¶ Ö·� Ý ¬ 7 � J Ù�ú�

9ó N Y# 80: 100 à01zÁKM æ �å�Éº.! 150 à01
É 13~GF8 - . ��9ù - . K� zÁP=W1-S0-C1A�GF8 - .

��ó£9ó N Y#f 35.5±4.4 à�1 VÉ*� 41±30 à�2 VÉ�

67.3±16.2 à�3 VÉ� 137.7±28.3 à�4 VÉ� 148.3±12.6 à�B K �

t%�Éº02 ù - . F8 � zÁP=W2-S0-C1A�GF8 - . ��ó

£9ó N Y#f 28.3±13.1 à�1 VÉ*� 46.0±23.1 à�2 VÉ�

90.0±45.0 à04 ù - . F8K� zÁP(W4-S0-C1)�GF8 - . ��ó

£9ó N Y#f 55±15.1 à�1 VÉ*� 75.3±14.5 à�2 VÉ* 63.3±8.1
à�3 VÉ� 80.3±12.1 à0 

(2)zÁ 
1 É 13~GF8zÁ��1 ùzÁF8K7zP=W1-S1-C1A

24.0±8.0 à�1 VÉ*� 8±4.4 à�� :? g - ; :ú 5 à01 ùzÁF

8K'�P=W1-S2-C1Af 21.0±6.6 à�1 VÉ*@ 8±3.6 à�9*@

ú 5 à02 ùzÁF8K7zP=W2-S1-C1A 23±3.5 à� � *- ;

:ú 10 à02 ùzÁF8K'�P=W2-S2-C1AF � 2 � I Ï�̄ 14.7±5.7
à� G */- ; : 7K8 à A B 04 ùzÁF8K7zP=W4-S1-C1A
 19.3±1.5 àt%: 55.0±21.8 à04 ùzÁF8K'�P=W4-S2-C1A
f 21.3±3.1 àt%:ú 30 à0 

2.1� 
? �� � zÁ(, á á )EzÁ� �n é 3 
  (1)� zÁ 
  1 É 13~GF8 - . ��9ù - . K � zÁP=W1-S0-C0Aó

£9ó N Y# 23.3±7.6 à�1 VÉ*� 48.3±5.8 à�2 VÉ� 55.0±16.4
à�3 VÉ� 88±34.0 à�ä *� Í - ; �4 VÉ*ú 80.3±3.8 à02 ù

- . F8K � zÁ=W2-S0-C0A�GF8 - . ��ó£9ó N Y#f

45.3±4.5 à�1 VÉ*� 75.7±20.0 à�2 VÉ� 97±22.5 à04 ù - .

F8K � zÁ=W4-S0-C0A�GF8 - . ��ó£9ó N Y#f 37±7.2
à�1 VÉÚ U �2 VÉ 50.3±15.5 à�3 VÉ* 53±17.1 à0 

(2)zÁ 
1 É 13~GF8 - . ��1 ùzÁF8K7zP=W1-S1-C0A9

ó N Y#� 30±4.6 à�G 2 ù 32±3.5 à�1 VÉ* � � 10 à A B C D0
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1 ùzÁF8K'�P=W1-S2-C0A�GF8zÁ 34±5.3 à�1 VÉ*

@ 15.3±11.0 à�4 VÉ*� 12±1.0 à02 ùzÁF8K7zP=W2-S1-C0A
9ó N Y#� 17.0±4.0 à� G * H t%: 32.7±22.0 à�3K4 VÉ� Ú

U ú 22 à02 ùzÁF8K'�P=W2-S2-C0AfGF8zÁ� 24.7±9.2
à�* � ú� 20 à A B C D01 É 13~GF8zÁ��4 ùzÁF8K

7zP=W4-S1-C0A9ó N Y#� 27.0±12.1 à�4 VÉ* ; :ú 20.3±4.5
à04 ùzÁF8K'�P=W4-S2-C0AfGF8zÁ�f 17.0±1.7 à�

t%: 20.7±13.2 à0 
 

"�# $ %  

¶ Ö·� µ ¶ � Ú ç ¶ Ö· . õ�§ú � . �µ ¶ � < �/zÁb <

X(� þ ¸ �p<0.0001)0 
(F)zÁ ¦ � 
zÁ ¦ � 1 ùK2 ùK4 ù � 8 � ¶ Ö· µ ¶ �£� � Ç û�¼ � Q

T�¦ � < �/ µ ¶ � < Ï3�7zK1�� Ä Å -�1 ùE 2 ùK1
ùE 4 ù£�ne V Ç û(P<0.01)�2 ùE 4 ù�e V Ç û(P<0.05)E�
'�K1�� Ä Å -�1 ùE 2 ùK1 ùE 4 ù£�ne V Ç û(P<0.01)E
�'�K�� Ä Å -�1 ùE 4 ù�ne V Ç û(P<0.01)�2 ùE 4 ù

�e V Ç û(P<0.05)0 
1.1 ùF8 
1 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 13�9ùzÁ1ê ç

7zò'�ò�E ¿ �£W ¶ Ö·� µ ¶ �e V - ; ��P= � õ

e01 É 13~GF8zÁ��7zK1� � P=W1-S1-C0A� 36.7±12.3
¶�G 2 ù@ 20±8.7¶�1 VÉ* � 1# 10¶�2 VÉ*1# 5¶07

zK�P=W1-S1-C1A 16.67±12.6¶�1 VÉ* � 1# 5¶0'�K
1�P=W1-S2-C0A�GF8zÁ 26.7±11.5¶�1 VÉ*1# 10¶�
2 VÉ*ú 5¶0'�K�P=W1-S2-C1Af 13.3±5.8¶�1 VÉ*

� 1# 5¶0 
2.2 ùF8 
2 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 14�¶ Ö· µ ¶ � 7

F G � 2 ùzÁF8'e V - ; 01 É 13~GF8zÁ��7zK1

� � P=W2-S1-C0A� 11.7±2.9¶�G *� ú û - ; � ä �5 É 20~@
3.7±1.2¶07zK� � P=W2-S1-C1AL � 2 16.7±2.9¶�Ú ç ú û

- ; :1# 5¶0'�K1�P=W2-S2-C0AfGF8zÁ� 16.0±5.3
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¶�ú û - ; : 5.3±4.0¶0'�K�P=W2-S2-C1AF � 2 � I Ï�

¯ 11.7±2.9¶� G */- ; :1# 5¶0 
3.4 ùF8 
4 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 15�4 ùzÁF8�

1 � �E ¿ �µ ¶ �£e V - ; 01 É 13~GF8zÁ��7zK1

� � P=W4-S1-C0A� 20±8.7¶� G * ; :ú 7¶07zK�P

=W4-S1-C1A 18.3±5.8¶- ; : 13.3±7.6¶0'�K1�P

=W4-S2-C0AfGF8zÁ�f 13.3±5.8¶�- ; : 5.0±0¶0'�K
�P=W4-S2-C1Af 14.3±5.1¶- ; : 7.6±4.0¶0 

(�)7z ï ãE'� 
2006 ��
�S zÁ&���7z ï ãE'� M T&��1©&� 8

� ¶ Ö· µ ¶ �� � Ç û��¼ � Q T�&� < �� | µ ¶ � < Ï3�

1K2 ùzÁF8K1�� Ä Å -�7zE'��e V Ç û(p<0.05)0
Ó º ¶ Ö·^7z ï ãE'� � ' � µ ¶ � \ � Ó � 	OÙ 160 

1.7z ï ã 
7z ï ã� µ ¶ � � ê ì ùzÁF8ò�E ¿ �£õ eº'� �

' _01 É 13~GF8zÁ��1 ùzÁF8K1� � P=W1-S1-C0A
� 36.7±12.3¶�G 2 ù@ 20±8.7¶�1 VÉ* � 1# 10¶�2 VÉ*1

# 5¶01 ùzÁF8K�P=W1-S1-C1A 16.67±12.6�1 VÉ*

� 1# 5¶02 ùzÁF8K1� � P=W2-S1-C0A� 11.7±2.9¶�
G *� ú û - ; � ä �5 É 20~@ 3.7±1.2¶02 ùzÁF8K1� �

P=W2-S1-C1A L � 2 16.7±2.9¶�Ú ç ú û - ; :1# 5¶4 ùzÁ

F8K1� � P=W4-S1-C0A1 É 13~GF8zÁ�� 20±8.7¶�
G * ; :ú 7¶04 ùzÁF8K�P=W4-S1-C1A 18.3±5.8¶-
; : 13.3±7.6¶0 

2.'� 
'�� µ ¶ � � ê ì ùzÁF8ò�E ¿ �£õ e Ó 7z ï ã

g01 É 13~GF8zÁ��1 ùzÁF8K1�P=W1-S2-C0A�
GF8zÁ 26.7±11.5¶�1 VÉ*1# 10¶�2 VÉ*ú 5¶01 ùz

ÁF8K�P=W1-S2-C1Af 13.3±5.8¶�1 VÉ* � 1# 5¶02
ùzÁF8K1�P=W2-S2-C0AfGF8zÁ� 16.0±5.3¶�ú û

- ; : 5.3±4.0¶02 ùzÁF8K�P=W2-S2-C1AF � 2 � I Ï�

¯ 11.7±2.9¶� G */- ; :1# 5¶04 ùzÁF8K1�P

=W4-S2-C0AfGF8zÁ�f 13.3±5.8¶�- ; : 5.0±0¶04 ùz
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ÁF8K�P=W4-S2-C1Af 14.3±5.1¶- ; : 7.6±4.0¶0 
(¢)�E1� 
�n é � ç ¿ ,f g zÁ r " w x����Õ R 
% � ���

��% C ef�E1�� � Ç û3� 4 ù - . F8K� zÁ� Ä Å

-��E1��e V Ç û(p<0.05)E�9 1K2 ùzÁF8K7z ï

ã� Ä Å -��E1��ne V Ç û(p<0.01)E� 1 ùzÁF8K

'�� Ä Å -��E1��ne V Ç û(p<0.01)0 Ó º ¶ Ö·^

�E1�� ' � µ ¶ � \ � Ó � 	OÙ 170 
1.� 
? �� � zÁ(, á á )EzÁ� �n é 3 

(1)� zÁ 
FV � P�1zÁ�_ú 4 VÉ* ¶ Ö·� µ ¶ �� 30-40¶�

� 0 J ÙE1zÁKM æ �å� µ ¶ �Éº.! 40¶01 É 13~G

F8 - . ��9ù - . K � zÁP=W1-S0-C1A�GF8 - . ��ó£

9ó N Y#f 23.3±5.8¶�1 VÉ*� 31.7±17.6¶�2 VÉ� 28.3±14.4
¶�3 VÉ� 41.7±20.2¶�4 VÉ�ú 45±27.8¶02 ù - . F8K� z

ÁP=W2-S0-C1A�GF8 - . ��ó£9ó N Y#f 13.3±5.8¶�3
VÉ*� 38.3±27.5¶04 ù - . F8K� zÁP(W4-S0-C1)�GF8 -

. ��ó£9ó N Y#f 16.7±2.9¶�1 VÉ*� 21.7±7.6¶�2 VÉ*

36.7±12.6¶�3 VÉ�ú 50.0±5.0¶�Éº K è t%0 
(2)zÁ 
1 É 13~GF8zÁ��1 ùzÁF8K7zP=W1-S1-C1A

16.67±12.6¶�1 VÉ* � 1# 5¶01 ùzÁF8K'�P=W1-S2-C1A
f 13.3±5.8¶�1 VÉ* � 1# 5¶02 ùzÁF8K7 � P=W2-S1-C1A
L � 2 16.7±2.9¶�Ú ç ú û - ; :1# 5¶02 ùzÁF8K'�P

=W2-S2-C1AF � 2 � I Ï�¯ 11.7±2.9¶�G */- ; :1# 5¶04
ùzÁF8K7zP=W4-S1-C1A 18.3±5.8¶- ; : 13.3±7.6¶04
ùzÁF8K'�P=W4-S2-C1Af 14.3±5.1¶- ; : 7.6±4.0¶0 

2.1� 
? �� � zÁ(, á á )EzÁ� �n é 3 
  (1)� zÁ 

1 É 13~GF8 - . ��9ù - . K � zÁP=W1-S0-C0Aó

£9ó N Y#f 13.3±2.9¶�1 VÉ*� 23.3±15.3¶�2 VÉ� 30.0±5.0
¶�3 VÉ� 35.0±18.0¶� ä *�# J Ù02 ù - . F8K � zÁP
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=W2-S0-C0A�GF8 - . ��ó£9ó N Y#f 30.0±8.7¶�1 VÉ

* 26.7±7.6¶à�2 VÉ*� 41.7±5.8¶'Ú U 04 ù - . F8K� zÁ

P=W4-S0-C0A�GF8 - . ��ó£9ó N Y#f 15±8.7¶� Ì g t

%�1 VÉ*� 16.7±2.9¶�2 VÉ 20.0±0¶�3 VÉ* 28.3±2.9¶0 
(2)zÁ 
1 É 13~GF8zÁ��1 ùzÁF8K7zP=W1-S1-C0A�

36.7±12.3¶�G 2 ù@ 20±8.7¶�1 VÉ* � 1# 10¶�2 VÉ*1#

5¶01 ùzÁF8K'�P=W1-S2-C0A�GF8zÁ 26.7±11.5¶�1
VÉ*1# 10¶�2 VÉ*ú 5¶02 ùzÁF8K7zP=W2-S1-C0A
� 11.7±2.9¶�G *� ú û - ; � ä �5 É 20~@ 3.7±1.2¶02 ùzÁ

F8K'�P=W2-S2-C0AfGF8zÁ� 16.0±5.3¶� ú û - ; :

5.3±4.0¶04 ùzÁF8K7z � P=W4-S1-C0A1 É 13~GF8z

Á�� 20±8.7¶�G * ; :ú 7¶04 ùzÁF8K'�P=W4-S2-C0A
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(W8-E3-C1)�GF8zÁ��9ó N Y#� 98.3±24.0��G�8zÁ

� ¶ t: 112.5±33.6��G¢8zÁ� ¶ ; � 105±42.9�0  
3.16 ùF8 
16 ùzÁF8�zÁ� { b � 	OÙ 20�16 ùzÁF8�ÏK
K

��� · £� e V Ç û02 É 3~GF8zÁ���� 600Y#1�

� P(W16-E1-C0)�GF8zÁ��9ó N Y#� 106.2±47.1��G�
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àt%:ú 30 à08 ùzÁF81� � P(W8-E2-C0)�2 É 3~GF
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��K1�Ä Å -�8 ùE 20 ù�

e V Ç û(p<0.05)E����K1�Ä Å -�8 ùE 20 ù£�e V Ç

û(p<0.05)E����K�Ä Å -�8 ùE 16 ùK16 ùE 20 ù£�

e V Ç û(p<0.05)0 
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4 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 30�4 ùzÁF8�

1 � �E ¿ �µ ¶ ��e V Ç û01 É 13~GF8zÁ��
��1

�P=W4-E2-C0AfGF8zÁ�f 13.3±5.8¶�- ; : 5.0±0¶0

���P=W4-E2-C1Af 14.3±5.1¶- ; : 7.6±4.0¶0 

2.8 ùF8 
8 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 31�8 ùzÁF8�

ÏK
K��� µ ¶ � � e V Ç û02 É 3~GF8zÁ���� 600
Y#1� � P(W8-E1-C0)�9ó N Y#� 34.2±16.9¶�G�8zÁ�

¶ ; : 27.5±20.2¶�G¢8zÁ�t%: 36.7±26.0¶0�� 1000Y#
1� � P(W8-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 29.2±12.8
¶�G�8zÁ� ; Ï: 15.8±8.0¶�G¢8zÁ� ¶ � : 19.2±5.8¶0
�� 1400Y#1� � P(W8-E3-C0)�2 É 3~GF8zÁ��9ó N

Y#� 50±11.0¶�G�8zÁ� ¶ ; : 45±18.7¶�G¢8zÁ� ; :

34.2±23.5¶0�� 1400Y#� � P(W8-E3-C1)�2 É 3~GF8zÁ

��9ó N Y#� 33.3±7.5¶�G�8zÁ� ; Ï: 16.7±6.0¶�G¢

8zÁ�t%: 32.5±21.2¶0 
3.16 ùF8 
16 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 32�16 ùzÁF8

�ÏK
K��� µ ¶ � � e V Ç û02 É 3~GF8zÁ���� 600
Y#1� � P(W16-E1-C0)�GF8zÁ��9ó N Y#� 24.2±13.2
¶�G�8zÁ� ¶ t: 31.7±17.5¶0�� 1000Y#1� � P

(W16-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 25.8±8.0¶�G�

8zÁ� ¶ ; : 22.5±12.1¶0�� 1400Y#1� � P(W16-E3-C0)�
2 É 3~GF8zÁ��9ó N Y#� 48.3±23.8¶�G�8zÁ� ¶ ;

: 43.8±33.6¶0�� 1400Y#� � P(W16-E3-C1)�2 É 3~GF8

zÁ��9ó N Y#� 29.2±13.2¶�G�8zÁ�t%: 40±21.9¶0 
4.20 ùF8 
20 ùzÁF8� ¶ Ö· µ ¶ � \ � Ó � 	OÙ 33�20 ùzÁF8

�ÏK
K���£� e V Ç û02 É 3~GF8zÁ���� 600Y
#1� � P(W20-E1-C0)�2 É 3~GF8zÁ��9ó N Y#�

24.2±9.2¶�G�8zÁ� ¶ ; : 20.8±14.6¶0�� 1000Y#1� �

P(W20-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 25.8±5.8¶�G

�8zÁ� ¶ t: 27.5±11.7¶0�� 1400Y#1� � P

(W20-E3-C0)�2 É 3~GF8zÁ��9ó N Y#� 48.3±24.2¶�G
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�8zÁ�t%: 54.2±17.4¶0�� 1400Y#� � P(W20-E3-C1)�
2 É 3~GF8zÁ��9ó N Y#� 35.8±12.8¶�G�8zÁ� ¶ ;

� 26.7±7.5¶0 
(�)���� 

2007 ��
�� 600Y#K1000Y#K1400Y#¢T�����

¢T��
HTzÁ � ' 8 ¶ Ö· µ ¶ � \ � Ó £� e V Ç û�§ ��

� zÁK1�� Ä Å -�Ï��E���� 8 �ne V Ç û(p<0.01)�

��E���� 8 �e V Ç û(p<0.05)0 Ó º ¶ Ö·�ÏK
K��

���H Ä Å - � µ ¶ � \ � Ó � 	OÙ 340 
1.�� 600Y# 
� ê ç 8 ùK16 ùò 20 ùzÁF8_ | · £� e V Ç û02 É 3

~GF8zÁ��8 ùzÁF81� � P(W8-E1-C0)�9ó N Y#�

34.2±16.9¶�G�8zÁ� ¶ ; : 27.5±20.2¶�G¢8zÁ�t%:

36.7±26.0¶016 ùzÁF81� � P(W16-E1-C0)�GF8zÁ��

9ó N Y#� 24.2±13.2¶�G�8zÁ� ¶ t: 31.7±17.5¶020 ùz

ÁF81� � P(W20-E1-C0)�2 É 3~GF8zÁ��9ó N Y#�

24.2±9.2¶�G�8zÁ� ¶ ; : 20.8±14.6¶0 
2.�� 1000Y# 
4 ùzÁF8 µ ¶ ��e V Ç û�� 8 ùK16 ùò 20 ùzÁF8

¶ Ö· µ ¶ � � e V Ç û04 ùzÁF81�P=W4-E2-C0Af 1 É

13~GF8zÁ�f 13.3±5.8¶�- ; : 5.0±0¶04 ùzÁF8�P

=W4-E2-C1Af 14.3±5.1¶- ; : 7.6±4.0¶08 ùzÁF81� � P

(W8-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 29.2±12.8¶�G�

8zÁ� ; Ï: 15.8±8.0¶�G¢8zÁ� ¶ � : 19.2±5.8¶016 ùz

ÁF81� � P(W16-E2-C0)�2 É 3~GF8zÁ��9ó N Y#�

25.8±8.0¶�G�8zÁ� ¶ ; : 22.5±12.1¶020 ùzÁF81� �

P(W20-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 25.8±5.8¶�G

�8zÁ� ¶ t: 27.5±11.7¶0 
3.�� 1400Y# 
8 ùK16 ùò 20 ùzÁF8 µ ¶ � � e V Ç û08 ùzÁF81

� � P(W8-E3-C0)�2 É 3~GF8zÁ��9ó N Y#� 50±11.0¶�
G�8zÁ� ¶ ; : 45±18.7¶�G¢8zÁ� ; : 34.2±23.5¶08 ù

zÁF8� � P(W8-E3-C1)�2 É 3~GF8zÁ��9ó N Y#�

33.3±7.5¶�G�8zÁ� ; Ï: 16.7±6.0¶�G¢8zÁ�t%:
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32.5±21.2¶016 ùzÁF81� � P(W16-E3-C0)�2 É 3~GF8

zÁ��9ó N Y#� 48.3±23.8¶�G�8zÁ� ¶ ; : 43.8±33.6¶0
16 ùzÁF8� � P(W16-E3-C1)�2 É 3~GF8zÁ��9ó N

Y#� 29.2±13.2¶�G�8zÁ�t%: 40±21.9¶020 ùzÁF81

� � P(W20-E3-C0)�2 É 3~GF8zÁ��9ó N Y#� 48.3±24.2
¶�G�8zÁ�t%: 54.2±17.4¶0�� 20 ùzÁF8� � P

(W20-E3-C1)�2 É 3~GF8zÁ��9ó N Y#� 35.8±12.8¶�G

�8zÁ� ¶ ; � 26.7±7.5¶0 
(¢)�E1� 
�n é � ç ¿ ,f g zÁ r " w x����Õ R 
% � ���

��% C ef § �� 20 ùzÁF8K���� Ä Å -��E1�

�e V Ç û(p<0.05)0 Ó º ¶ Ö·^�E1�� ' � µ ¶ � \ � Ó

� 	OÙ 350 
1.� 
4 ùE 20 ùzÁF8è W µ ¶ �¶ �- ; �' 8 ùò 16 ùzÁF

8/ºW µ ¶ �Ú U 04 ùzÁF8�� 1000Y#P=W4-E2-C1Af
14.3±5.1¶- ; : 7.6±4.0¶08 ùzÁF8�� 1400Y#P

(W8-E3-C1)�2 É 3~GF8zÁ��9ó N Y#� 33.3±7.5¶�G�

8zÁ� ; Ï: 16.7±6.0¶�G¢8zÁ�t%: 32.5±21.2¶016 ùz

ÁF8�� 1400Y#P(W16-E3-C1)�2 É 3~GF8zÁ��9ó N

Y#� 29.2±13.2¶�G�8zÁ�t%: 40±21.9¶020 ùzÁF8�

� 1400Y#P(W20-E3-C1)�2 É 3~GF8zÁ��9ó N Y#�

35.8±12.8¶�G�8zÁ� ¶ ; � 26.7±7.5¶0 
2.1� 
4 ùzÁF8�� 1000Y#P=W4-E2-C0AfGF8zÁ�f

13.3±5.8¶�- ; : 5.0±0¶02 É 3~GF8zÁ��8 ùzÁF8�

� 600Y#P(W8-E1-C0)�9ó N Y#� 34.2±16.9¶�G�8zÁ� ¶

; : 27.5±20.2¶�G¢8zÁ�t%: 36.7±26.0¶08 ùzÁF8��

1000Y#P(W8-E2-C0)�2É 3~GF8zÁ��9ó N Y#� 29.2±12.8
¶�G�8zÁ� ; Ï: 15.8±8.0¶�G¢8zÁ� ¶ � : 19.2±5.8¶0
8 ùzÁF8�� 1400Y#P(W8-E3-C0)�2 É 3~GF8zÁ��9

ó N Y#� 50±11.0¶�G�8zÁ� ¶ ; : 45±18.7¶�G¢8zÁ�

; : 34.2±23.5¶016 ùzÁF8�� 600Y#P(W16-E1-C0)�GF8

zÁ��9ó N Y#� 24.2±13.2¶�G�8zÁ� ¶ t: 31.7±17.5¶0
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16 ùzÁF8�� 1000Y#P(W16-E2-C0)�2 É 3~GF8zÁ��

9ó N Y#� 25.8±8.0¶�G�8zÁ� ¶ ; : 22.5±12.1¶016 ùzÁ

F8�� 1400Y#P(W16-E3-C0)�2 É 3~GF8zÁ��9ó N Y

#� 48.3±23.8¶�G�8zÁ� ¶ ; : 43.8±33.6¶020 ùzÁF8�

� 600Y#P(W20-E1-C0)�2 É 3~GF8zÁ��9ó N Y#�

24.2±9.2¶�G�8zÁ� ¶ ; : 20.8±14.6¶020 ùzÁF8�� 1000
Y#P(W20-E2-C0)�2 É 3~GF8zÁ��9ó N Y#� 25.8±5.8¶�
G�8zÁ� ¶ t: 27.5±11.7¶020 ùzÁF8�� 1400Y#P

(W20-E3-C0)�2 É 3~GF8zÁ��9ó N Y#� 48.3±24.2¶�G

�8zÁ�t%: 54.2±17.4¶0 
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380 
��& ' 600 ( )  
��% C ef��� 600Y#�úï 10.6 ùÉzÁõ�(15-20Y�õ)0
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��& ' 1000 ( )  
��% C ef��� 1000Y#�ú 4 ù � �#ÉzÁõ�(15-20Y�
õ)02 É 3~ � ï zÁ� Z ù* ( à & � � ó£õ 4 32±8.4Y��
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º0 
"�& ' 1400 ( )  
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Y�� Ý ¬ �16 ù*ó£õ 4 19±9.1Y�� Ý ¬ �20 ù*ó£õ 4

29.75±12.9Y�� Ý ¬ �K K �? g . õ�Éº0 
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1 ùK2 ùò 4 ùzÁF8£WzÁ� { bK µ ¶ �E Ý ¬ 7 £e

V - ; �� ^�� 1000Y# ¶ Ö·zÁ*. õ · ~Y�(y = 3.9597x + 
1.1419�R2 = 0.9846)R & �1 ùK2 ùò 4 ùzÁF8�� ( à¤T1

Íõ#ÉzÁõ� 15-20Y�õ��» ê Éº � J �# f g zÁ08 ùK

16 ùK20 ùzÁF8�zÁ� { bK µ ¶ �E Ý ¬ 7 £EGF8zÁ

� e V Ç û�K¢å � ä þ � �� ^ ¶ Ö·zÁ*. õ · ~Y�(Ï�

�3y = 1.3632x + 0.6125�R2 = 0.9558
��3y = 3.9597x + 1.1419�
R2 = 0.9846 ���3y = 1.3939x - 2.2899�R2 = 0.9545)R & �» ê ( à
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� ��� � � � � � 	 
 � �  � 
 � � � � �� � � � � � � � �� � � � � �� � � �

 

 ���� ��� � � ���� ��� �� ���� � �� � � ���� � �� �� �� �� ��� � � �� �� ��� �� �� �� � �� � � �� �� � �� �� �	 �� ��� � � �	 �� ��� �� �	 �� � �� � � �	 �� � �� ��

���� ��� � �  ns ** ** * ns ** ** ns ns ns ns 

���� ��� ��   ** ** ns ns ** ** ns ns * ns 

���� � �� � �    ns ** ** ** ** ** ** ** ** 

���� � �� ��     ** ** ** ** ** ** ** ** 

�� �� ��� � �      ns ** ** ns ns * ns 

�� �� ��� ��       ** ** ns ns ns ns 

�� �� � �� � �        ** ** ** ** ** 

�� �� � �� ��         ** * ns ns 

�	 �� ��� � �          ns ns ns 

�	 �� ��� ��           ns ns 

�	 �� � �� � �            ns 

�	 �� � �� ��             
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� ���� � � � � � 	 
 � �  	 
 � � � �� � � � � � � � �� � � � � � � � � �

 W4-E2-C0 W4-E2-C1 ���� � �� � � ���� 	 �� � � ���� 
 �� � � ���� 
 �� � � �� � �� � �� � � �� � �� 	 �� � � �� � �� 
 �� � � �� � �� 
 �� � � �	 � �� � �� � � �	 � �� 	 �� � � �	 � �� 
 �� � � �	 � �� 
 �� � �

W4-E2-C0  ns ** ns ** * ** * ** ** ** * ** ns 

W4-E2-C1   * ns * * ** ns ** ** ** * ** ns 

���� � �� � �    ns ns ns ** ns ns ns ns ns * ns 

���� 	 �� � �     ns ns ** ns ** ns * ns ** ns 

���� 
 �� � �      ns ** ns ns ns ns ns * ns 

���� 
 �� � �       ** ns ns ns ns ns * ns 

�� � �� � �� �         ** ns * ns ** ns ** 

�� � �� 	 �� �          ns ns ns ns ns ns 

�� � �� 
 �� � �          ns ns ns ns ns 

�� � �� 
 �� � �           ns ns ns ns 

�	 � �� � �� � � �           ns ns ns 

�	 � �� 	 �� � �             ns ns 

�	 � �� 
 �� � �              * 

�	 � �� 
 �� � �               
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� ��� � � � � 	 
 � �  � � � � � �� � � � �  

������ � � 	 
  � �  �  � � � � 1  � � �  � � 20  � � �  

8  � � � � �  20.44 16 1.28 25.56 
8  � � � �� �  20.41 16 1.28 25.52 
8  � � � �� �  19.61 16 1.23 24.52 
16  � � � �� �  19.43 16 1.21 24.29 
20  � � � �� �  23.77 20 1.19 23.77 

16  � � � �� �  17.43 16 1.09 21.78 
16  � � � � �  15.01 16 0.94 18.76 
8  � � � �� �  14.58 16 0.91 18.23 
20  � � � �� �  17.92 20 0.90 17.92 
16  � � � �� �  12.21 16 0.76 15.26 
2  � � �� �  13.69 18 0.76 15.21 
4  � � �� �  11.84 16 0.74 14.80 
20  � � � �� �  13.45 20 0.67 13.45 
20  � � � � �  12.34 20 0.62 12.34 
4  � � � �  9.48 16 0.59 11.85 
1  � � � �  10.56 18 0.59 11.73 
1  � � �� �  10.06 18 0.56 11.18 

1  � � �� �  9.16 18 0.51 10.17 
4  � � �� �  7.91 16 0.49 9.89 
2  � � �� �  8.78 18 0.49 9.75 
1  � � � �  7.30 18 0.41 8.11 
2  � � � �  7.25 18 0.40 8.05 
4  � � � �  6.39 16 0.40 7.98 
2  � � � �  7.13 18 0.40 7.92 
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��������	
��������	
����

�������������������� � �� �� �� � ���� � 	 �� 	 �� 	 �� 	 � ����

103 001 03 0 Selaginella delicatula (Desv.) Alston �����

103 001 04 0 Selaginella doederleinii Hieron. � � ���

118 002 01 0 Nephrolepis auriculata (L.) Trimen � 	�

118 002 02 0 Nephrolepis biserrata (Sw.) Schott. 
 � � 	�

120 004 02 0 Coniogramme intermedia Heiron. �  � (�)	�

127 002 01 0 Cyclosorus acuminatus (Houtt.) Nakai ex H. Ito � � 	�

127 011 04 0 Thelypteris esquirolii (Christ) Ching � � � � 	( � � 	)�

128 005 15 0 Diplazium pseudo-doederleinii Hayata � � � � � 	�

306 003 06 0 Cyclobalanopsis longinux (Hayata) Schottky � � � �

308 006 11 0 Ficus fistulosa Reinw. ex Bl. � �  �

308 010 01 0 Morus alba L. ! " �

310 001 03 0 
Boehmeria nivea (L.) Gaudich var. tenacissima 

(Gaudich.) Miq 
# $ % �

310 007 06 1 Elatostema lineolatum Wight var. majus Wedd. & ' ( �

310 009 01 0 Gonostegia hirta (Bl.) Miq. ) * + �

310 011 01 0 Lecanthus peduncularis (Wall. ex Royle) Wedd. 
 , - . % �

310 015 01 0 Oreocnide pedunculata (Shirai) Masam. 
 , / % �

310 016 01 0 Pellionia radicans (Sieb. & Zucc.) Wedd. 0 1 2 3 �

310 017 02 1 Pilea aquarum Dunn subsp. brevicornuta (Hayata) C. J. 
Chen 

4 5 & 6 % �

310 017 06 0 Pilea funkikensis Hayata 7 8 9 & 6 % �

310 017 10 0 Pilea melastomoides (Poir.) Wedd. : & 6 % �

310 017 11 0 Pilea microphylla (L.) Liebm. � � & 6 % �

310 017 15 0 Pilea rotundinucula Hayata ; � & 6 % �

310 017 16 0 Pilea somai Hayata < � & 6 % �

310 021 02 0 Urtica thunbergiana Sieb. & Zucc. = % ( > ? @ )�

317 005 03 0 Polygonum chinense L. A B � ( ( ' C D )�

317 005 03 0 Polygonum chinense L. A B � ( �

317 005 16 0 Polygonum longisetum De Bruyn E F G �

317 005 23 0 Polygonum perfoliatum L. HI J �

324 005 01 0 Drymaria diandra Bl. K L M ( �

326 001 01 2 Achyranthes aspera L. var. rubro-fusca Hook. f. N O P Q ( / R P Q )�

336 007 61 0 Clematis taiwaniana Hayata S T U �

98 



345 002 05 0 Piper kadsura (Choisy) Ohwi V D �

346 002 01 0 Sarcandra glabra (Thunb.) Nakai W � � X Y�

357 005 02 0 Cardamine flexuosa With. Z [ �

405 001 01 0 Astilbe longicarpa (Hayata) Hayata \ ] ^ �

407 020 11 0 Prunus phaeosticta (Hance) Maxim. _ � ` ( a b ` c )�

407 025 01 0 Rubus alceifolius Poiret d e f g h �

407 025 02 0 Rubus alnifoliolatus Levl. i � f g h �

409 099 01 1 
Pueraria lobata (Willd.) Ohwi subsp. thomsonii (Benth.) 

Ohashi & Tateishi 
j D �

410 003 04 0 Oxalis corniculata L. k l ( �

415 026 02 0 Mallotus paniculatus (Lam.) Muell.-Arg. m n h �

417 020 04 0 Zanthoxylum nitidum (Roxb.) DC. � o p �

429 001 04 0 Impatiens uniflora Hayata / .  q �

436 006 03 0 Tetrastigma formosanum (Hemsl.) Gagnep. r � s t D �

436 006 04 0 Tetrastigma umbellatum (Hemsl.) Nakai N O s t D �

448 002 05 0 Passiflora suberosa Linn. r 5 � u v L �

453 001 23 0 Begonia laciniata Roxb. w : x y z �

453 001 39 0 Begonia taiwaniana Hayata N O x y z �

454 020 02 0 Zehneria mucronata (Bl.) Miq. _ � { ( | } )~�

459 004 01 0 Bredia gibba Ohwi � � � � �

459 006 02 0 Melastoma candidum D. Don � � � �

469 002 04 0 Aralia decaisneana Hance � � � �

469 013 02 0 Schefflera octophylla (Lour.) Harms � � � �

470 015 05 0 Hydrocotyle nepalensis Hook. � � � �

470 016 01 0 Oenanthe javanica (Bl.) DC. 6 � [ �

470 021 01 0 Sanicula lamelligera Hance r � � � [ �

504 001 04 2 Ardisia cornudentata Mez subsp. morrisonensis (Hayata) 
Yuen P. Yang 

� � / � P �

504 004 03 2 Maesa perlaria (Lour.) Merr. var. formosana (Mez) Yuen 
P. Yang 

N O � � . �

516 028 02 0 Ophiorrhiza japonica Blume � � ( �

518 009 27 0 Ipomoea indica (Burm. f.) Merr. � � � P �

521 005 11 0 Clerodendrum trichotomum Thunb. y � � � �

523 007 03 2 Clinopodium laxiflorum (Hayata) Mori var. laxiflorum � . V � [ �

523 034 05 0 Paraphlomis javanica (Blume) Prain � � � �

524 018 27 0 
Solanum torvum Swartz var. lasiostylum Y. C. Liu & C. 

H. Ou 
� � � c . �
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524 020 02 0 Lycianthes lysimachioides (Wall.) Bitter � � �

525 027 02 0 Torenia concolor Lindl. ��   ¡ �

527 009 01 0 Codonacanthus pauciflorus Nees ¢ p ( �

527 024 01 0 Lepidagathis formosensis Clarke ex Hayata N O £ ¤ . �

527 034 03 0 Strobilanthes flexicaulis Hayata ¥ R { ¦ �

527 034 04 0 Strobilanthes formosanus Moore § O { ¦ �

529 010 01 0 Hemiboea bicornuta (Hayata) Ohwi N O ¨ © ª «( 5 ¬ ( )�

529 014 01 2 Rhynchotechum discolor (Maxim.) Burtt var. discolor  ® ¯ � ª «( ° ± ( )�

533 001 01 0 Plantago asiatica L. 1 ² ( �

534 003 02 0 Sambucus chinensis Lindl. ³ ´ µ �

537 006 08 0 Lobelia nummularia Lam. ¶ · ¸ ( �

539 004 02 0 Ageratum houstonianum Mill. / . ¹ º » �

539 015 03 1 Bidens pilosa L. var. minor (Blume) Sherff � m . ¼ ¢ �

539 015 03 3 Bidens pilosa L. var. radiata Sch. : . ½ ¾ ( �

539 034 01 0 Crassocephalum rubens (Juss. ex Jacq.) S. Moore ¿ À ( �

539 038 02 0 Dichrocephala integrifolia (L. f.) Kuntze Á Â [ �

539 043 02 1 Emilia sonchifolia (L.) DC. var. javanica (Burm. f.) 
Mattfeld 

/ Ã ( �

539 045 08 0 Erigeron sumatrensis Retz. � Ä Å �

539 047 07 0 Eupatorium tashiroi Hayata Æ Ç � È Y�

539 076 01 0 Mikania cordata (Burm. f.) B. L. Rob. � . � È Y�

539 099 01 0 Synedrella nodiflora (L.) Gaert. � É Ê �

628 042 10 0 Digitaria radicosa (J. Presl) Miq. � { Ë �

622 001 01 0 Amischotolype chinensis (N. E. Br.) E. Walker ex Hatus. Ì Í Î Ï . ( Ð Ñ ( )�

628 042 11 0 Digitaria sanguinalis (L.) Scop. { Ë �

622 009 03 0 Pollia secundiflora (Blume) Bakh. f. Ò Ó Ô Õ ( 
 . Ö Ô Õ )�

622 009 04 0 Pollia miranda (H. Lév.) H. Hara � Ô Õ ( × Ô Õ ) �

622 011 01 0 Setcreasea purpurea Boom / Ø ( ( / Ã Ù Ú ( )�

627 013 02 0 Kyllinga nemoralis (J. R. & G. Forst.) Dandy ex Hutch. 
& Dalzell 

Û F 6   ¡ �

628 037 01 0 Dactyloctenium aegyptium (L.) P. Beauv. U Ü Ý�

628 081 01 0 Microstegium ciliatum (Trin.) A. Camus Þ ß à �

628 081 08 0 Microstegium vimineum (Trin.) A. Camus á Ö ß à �

628 083 02 0 Miscanthus floridulus (Labill.) Warb. ex K. Schum. & 
Lauterb. 

â ã ä �

628 093 02 0 Paspalum conjugatum Bergius å æ ( �

628 093 02 0 Alpinia zerumbet (Pers.) B. L. Burtt & R. M. Smith ç c �

100 



 
 

628 114 06 0 Setaria palmifolia (J. König.) Stapf è � é ê ( �

632 003 15 0 Alocasia odora (Lodd.) Spach. ë ì í �

632 008 02 0 Colocasia formosana Hayata � í ( N O # í )�

415 001 01 0 Acalypha akoensis Hayata î Ð ï ð �
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