
 

 

 

JP��{���cju����Y¥Z~�§��

juhªL��� 

tk5�¨�vW���-u{|���.�	§3 
 

 

Plant nutritional study on adaptive strategy of native 
herbaceous species growing in Mt. Daisen 

: Characteristics of mineral accumulation and 
relationships between dry matter production and 

nitrogen metabolisms 

 
 

 

 

 

«0� 4R 
 

2014 
 
 
 



�� l 
 

� 1 �� ��*****************************1 

� � � � 1 �� �{ju	£�W¬W����ª9A<**********1 

� � � � � 1. �{ju	£�W*********************1 

� � � � � 2. �{ju	Y¥�	U©�B****************2 

� � � � � 3. �{ju	ª9A<********************2 

� � � � 2�� JP	vW************************4 

� � � � � 1. JP����CI���zHvW**************4 

� � � � � 2. JP�����{ju*******************5 

� � � � 3�� ju	tkhª�{|W******************6 

� � � � � 1. ��hª�-u{|¬��.������9¡********6 

� � � � � 2. ')hª������-u{|***************7 

� � � � � 3. �'�$hª������-u{|*************8 

� � � � 4�� c��	��**********************10 

� 2�� JP��{���cju 14�	������tk5�¨��-u¨� 

� � � � 	§3****************************13 

� � � � 1�� d_�`o***********************13 

� � � � � 1. 2�ju����gD*******************13 

� � � � � 2. np���Dp	qM*******************15 

� � � � � 3. ju���CI	\=*******************16 

� � � � � 4. ju���CI	;L9e*****************16 

� � � � � 5. ��8y*************************17 

� � � � 2�� �f**************************17 

� � � � � 1. np���Dp**********************17 

� � � � � 2. CI;LvW***********************17 

� � � � � 3. ������-u£���¨�¤	§3***********19 

� � � � � 4. ���������')���
�'�$@bx¦	§3***22 



� � � � � 5. ��tk5�@bx�CItk5�rS¦	§3*******25 

� � � � 3�� �N**************************26 

� � � � 4�� ��**************************29 

� 3�� JP6F��{���cju 7�	�VZ~��������¬')¬ 

� � � � �'�$¬�(��$���"����$¨�vW********31 

� � � � 1�� d_�`o***********************32 

� � � � � 1. 2�ju����gD*******************32 

� � � � � 2. np���Dp	qM*******************32 

� � � � � 3. ju���CI	\=*******************32 

� � � � � 4. ju���CI	;L9e*****************32 

� � � � � 5. ��8y*************************33 

� � � � 2�� �f**************************33 

� � � � � 1. CI;LvW***********************33 

� � � � � 2. ������tk5�@bx****************35 

� � � � �  2-1. >Ds���>\=a����tk5�@bx******35 

� � � � �  2-2. >Ds����\=a¦	QE��tk5�@bx****36 

� � � � � 3. ��tk5�@bx�CIª9rS¬aQE�����np��� 

� � � � �  aQE�����Dp�	§3****************38 

� � � � 3�� �N**************************40 

� � � � 4�� ��**************************44 

� 4�� JP�O[���{���cju 7�	�VZ~��������¬ 

� � � � ')¬�'�$¬�(��$���"����$¨�vW*****46 

� � � � 1�� d_�`o***********************47 

� � � � � 1. 2�ju����gD*******************47 

� � � � � 2. np���Dp	qM*******************47 

� � � � � 3. ju���CI	\=*******************47 

� � � � � 4. ju���CI	;L9e*****************47 

� � � � � 5. ��8y*************************48 



� � � � 2�� �f**************************48 

� � � � � 1. CI;LvW***********************48 

� � � � � 2. ������tk5�@bx****************50 

� � � � �  2-1. >Ds���>\=a����tk5�@bx******50 

� � � � �  2-2. >Ds����\=a¦	QE��tk5�@bx****51 

� � � � � 3. ��tk5�@bx�CIª9rS¬aQE�����np��� 

� � � � � � aQE�����Dp�	§3***************52 

� � � � 3�� �N**************************54 

� � � � 4�� ��**************************59 

� 5�� JP6F��{������)��¬%"!��&�"������' 

� � � � 	Y¥Z~tk5�¨�vW���Y¥���.�	§3****61 

� � � � 1�� JP�{ju����)��¬%"!��&�"������' 

� � � � � � � 	6ju1������¬')¬�'�$¬�(��$��� 

� � � � � � � "����$¨�vW******************62 

� � � � � 1. d_�`o************************62 

� � � � � � 1) �gD¬2�ju���ju\=*************62 

� � � � � � 2) ju1	;L9e********************62 

� � � � � � 3) ��8y************************62 

� � � � � 2. �f***************************63 

� � � � � � 1) D+ /D, m********************63 

� � � � � � 2) 6ju1������¬')¬�'�$¬�(��$��� 

� � � � � � �  "����$@bx*******************63 

� � � � 2�� JP�{ju����)��¬%"!��&�"������' 

� � � � � � � 	Y¥�����.�������¬')����'�$hª 

� � � � � � � 	U©*************************65 

� � � � � 1. d_�`o************************65 

� � � � � � 1) iG`o************************65 

� � � � � � 2) ��¬')����'�$8y**************66 



� � � � � � 3) ju\=************************66 

� � � � � � 4) ju1	;L9e********************66 

� � � � � � 5) ��8y************************68 

� � � � � 2. �f***************************69 

� � � � � � 1) Y¥**************************69 

� � � � � � 2) tk5�@bx*********************72 

� � � � � � 3) ��������;?u�Y***************74 

� � � � � � 4) ������( ��¨�:?**************75 

� � � � � � 5) ������/9K;?uX���Y***********75 

� � � � � � 6) �������#�¢rS****************79 

� � � � 3�� �N**************************79 

� � � � 4�� ��**************************87 

� 6�� �?�N***************************89 

� 7�� ]�*****************************98 

� 8�� Summary***************************101 

��*********************************104 

T}^w*******************************106 

7��^*******************************117 

 



 � ɬ � 

ǒ 1ǐ 
 

ǩ� Ț 
 

ǒ 1Ǘ� ǻƭűƣ$ɃȎĹɩĹȢ	3(ɡ¼ÜÒ 
1. ǻƭűƣ$ɃȎĹ 

� 9797�ɟ�ƇǤƸ#ƭ�����0#1ǻƟűƭ$¨µ ��� �Ķ

Ȏ�Õż��6ɪµ"ǻƟƭľǛ$ĺ�Ƹ"ĄǤ�ĶȎ��6 ǯ�476

�ɩ�$�0#%ǻƭűƣ$µ"ŀǴ�ĶȎ��6ɪȭĤ�%ƖśÇɩɂĹ

əɩøɟÇɩ�Ƣǔ$íƪȐŷ�$ƬùüÇ2ýťǉ$ē´"!#35ɩǻƭ

űƣ$ǉ$Ɣĕ2ɩ�ȻĪ"ǉ$f{�P"!�Ŀĸ�7��6ɪǻƭűƣ%

�Ƹ"ǖƫ�#Ǭ
7�#ŀǴ�6� ���6��-��:ş�6�Œ�ɩ

�$ŀǴ�ƬùüÇ#ĭɝ�72��18�1ş�6ɪµ"ǻƭűƣ$ŀǴ

$�5Œ%ɩɇ�ŚɌ#35ó97���1$��5ɩƄ«ɩíīɩêû#Ē

�6űƣ$Ȼķ$Ǣũ ��� ���6ɪ 

� űƣ%íƪ�$�*�$íò#ȵ»���6ɪ�7%ƎƋɩɒƅɩɒ���

5ɩƆÍɩƿƚɩɥę"!$ȷɁ"íò-�1�űƣ$ƭƌ$ö#"���6ɪ

íƪ�$µf>BqP$ǜ 99ɨ%űƣ $f>BqP��6ɪ�$�0#ɩű

Ȋ%ƣȢĲƬ$ĈċÇ#ɃȎ"ĮÂ:1��	5ɩƄ« êû#1ÿ�"ĭɝ

:��6(Larcher 2003)ɪ-�űƣ%şŻƣ$�ŽƭƮǰ ��ɩíƪ�$ƭƣ

è$ôƹ:"���6ɪ3��űƣ$ƭľ:ƫȑ�6� %ɩƭľǛ2ǻƟƬ

ù$¨µ$�0#1Ķɞ��6ɪűƣ%ɇ�ĤŞ:
�Ɨíɩȁíɩ�Ƣíɩ

ęí	3(ƿ�í"!ŵ�"ǻƭí#Ȼķ���� ǯ�476ɪţǀǍ#	

��%ęí#ǻƭ�6űƣ#ƽƺ�ǀǍ:Ȉ��ɪęí#ǻƭ�6űƣ#ƽƺ

�ɩșŪ	3(ǀǍ:Ȉ�ɃȎĹ#�����$� �ǯ�476ɪ1 �ƺ#ɩ

ęí ��Î��Ƭù$��ƭĻ�����0#Ƥſ"īľ:1�1$�þ�ɩ

ŵ�"ȻķŁƴ:ş�6� �ǯ�476� ��6(Larcher 2003)ɪ-� 2 �

ƺ#ɩƄ«üÆ$ņŶűƣ "6ÕǶĹ��6� ��6(ƅɄ 1999)ɪ�74



 � ɭ � 

$� 
4ǻƭűƣɩƤ#ęí#ǻƭ�6űƣ$ȻķŁƴ:ŃŊ�6� %ǻ

Ɵűƭ$¨µ# ��ɃȎ��6 ǯ�476ɪ 

 

2. ǻƭűƣ$ŀɇ)$ĭɝȎâ 

� űƣ$ŀɇ#ĭɝ:	3,�ƬùȎâ ��ɩƄƖɩƗĨɩɏƅɅɩɠɩ³

$3�"Ƅ«ƸȎâɩƅ¼ɩɡ¼ɩĳƭƣƌĹ$3�"êûƣƫƸɩÇĆƸɩ

ƭƣƸȎâɩíīƸȎâ"!���476ɪ�74$Ȏâ%¡ƣ$ůó#	�

�%Ȼ½#ǖƫ�7��6�ɩǻƭűƣ%ǻƟŤ����74Ȏâ$ĭɝ:ĩ

�Ô�6ɪǻƭűƣ$ŀɇ%ɩ�ƸƌÆ	3(ýťűƣ$¥´"!#3��ȣ

�6ƬùȎâ$ĭɝ1Ô�6(Cronk and Fuller 2001)ɪ�����ǻƭűƣ$µ

"ŀɇ:ǃ¨�6�0#%ɩǻƭí$ƬùȎâµ  ŀɇ$ɍȴĹ:ƫȑ�6

� �ĶȎ��6ɪ�7#35ɩțƬù$üÇ�Öǻƭűƣǉ$ĄǤ2űƣǉ

Ɍ$Ąìƃƨ"!:ňċ�6� �ÕǶ "6
1�7"�ɪ-�ɩęí$3

�"Ƭù%�Ɍ$ƭƌè
4Ⱥ�ɕɗ�7�ǻƟ��5ɩ�í ƃ*�ƬùŤ

�$Î��öł Ȓ97��6ɪ���Î��ƬùŤ� %�Ɩɩĩɠɩ�Ƣɩ

ȟūɡêû"!���476(úƊ 1997)ɪęí%Ƭù#ɛġ#ŎĽ"öł��

6�0ɩƬù�üÇ�7&űƣ$ŀǴ	3(¼ğ#ÿ�"ĭɝ:��6ɪ�$

�0ęí�$űƭ Ƭù$Ēķɍ¦:șŪ�6� %íƪ$ƬùüÇ:ƾ6�

�ɃȎ��6(ƅɄ 1999)ɪ  

 

3. ǻƭűƣ$ɡ¼ÜÒ 

� űƣ%þɅ$ūɡ:ĶȎ �ɩÿƄ�
4ƜǞ:Ƨİ�ɩþ�$ƞŻūɡ2

ƅ¼:êûƙƑ�
4ÜÒ�6ɪ�74ƞŻūɡ$ȎƈĹ%űƣǉ#3��ÿ

��Ƶ"��	5ɩĶȎ �76ƞŻūɡ$Ǡŀ%űƣ$ǉ2ǆ#3��ƤƵ

Ƹ"¬:ǅ�ɩàĊ2ƶȸƁɔ#3��1üÇ�6(Larcher 2003)ɪNWűƣ$

��%ɩhCJdCQ{Ǧ	3(^GLǦ%��71I>ɂÛɅ�ɥ
��(ɥ

ź��ć 1976c)ɪ^GLǦ%I>ɂÛɅ�ȅ��ɥ
���ɩC}N?sÛɅ

1ɥ�ɩI>Ǟ/C}N?su}ƃ%hCJdCQ{Ǧ#ƃ*��ɪÐĂȄűƣ



 � ɮ � 

$ģïƞŻ²ǞǠŀ%ɩØ�ȊĂűƣ#ė�6ËĂȄűƣ$�7#ƃ*�ĒƠ

Ƹ��5ɩ�I>ǞɩɥC}N?sɩo?Ǟ	3(<}ra?s ��ƤĴ�

ȗ047�(ɥź��ć 1976a�b)ɪC|?s%>cǆ$3�"ËĂȄűƣ�ɥ

�ɪ-�ɩ��$© $��%ɩȄ#ǎǞɩ|�ɩC}N?sɩqHcN?s

	3(ǂɦ ���²Ǟ�ȼńƸ#Ó5Ȭ-7ɩ>cǆȁţ2wN#%I>Ǟ

1þ�Û-76ɪǿ ũČ#%C|?sɩ|�	3(ǂɦ�þ�"!$ƤĴ�

��476ɪ�$3�#űƣ$ɡ¼ÜÒ%ɈɩǦɩǆɩǉ�6�%àĊ"!#

3��ŵ���6ɪ 

� ǻƭűƣ%ƖĨ	3(êûɡ¼"!ŵ�"Ƭù$ĭɝ:Ô�ɩǻƭí#¤Ą

�"�4ɡ¼:ÜÒ���6ɪCwZ|HLǆ 3 ǉ:ŶƘŤ���ůó��ö

×ɩf>BqP¼ȿɩȄ$ǎǞÛşƨ	3(³×ŀǶ% 3 ǉɌ�·ìƸ#Ƶ"

����(Konings et al. 1989)ɪ�
�"�4ɩűƣ$ƞŻ²ǞÛşƨ%ǻƭí$

ǻƟƥľ#35Ñř�76ɪűƣ%Ƥċ$ƞŻ²Ǟ:ƤƵƸ#ÜÒ�6� �

��6�ɩ�74ƞŻ²ǞÛşƨ$Ǡŀ%ŀǴ�6êûÇĆƤĹ:Ñř�(Rodin 

and Bazilevich 1968)ɩŀǴƬù
4$ɡ¼ÜÒ%ǉ#¤Ą�"�4üÇ�6

(Konings et al. 1992; Bowman and Bilbrough 2001)ɪ-�ɩǻƭűƣ%ȟūɡ"Ƭù

#Ē���ɡ¼ǱĹ	3(ɥ�ɡ¼¿ƯÅƨ:ş�6 ǯ�476(Coley et al. 

1985; Chapin et al. 1987; Aerts and Chapin 2000)ɪȟūɡ"Ƭù#ƤſÇ��űƣ

%ɩ ·�$ɡ¼¿ƯÅƨ:ɥ06Łƴ: 6� #35êûɡ¼�����

1�ȜƌĹ:ǥŅ�ɩǑ�Ã����"�3�#�6(Larcher 2003)ɪÅƨÇ%ɩ

ŭ$ŀɇ:ÿ����5ɩȩȯǟǵ:īŀ��5��ƞŻƣ$ÜÒȲĨ:��

6ɩɂ2E~�^ƣȢ:ō»�ŭȭ¯$ūɡ$ŘÆÇÅƨ:��6 ����

 �%
476ɪ 

� þ�$ɀǞÑķ$ȲĨ%ɩƖĨ$ĭɝ:Ô�6ɪɀǞÑķȲĨ%ɩȱġ$Ɩ

Ĩ�%ƖĨúÄ#Ē��ņŏɍŏƸ"úÄ:ǅ�ɩ�6ƖĨò��#"6 �

��6ɪ³×ŀǛV�gGȢ�ɍ96Ñķ$ȲĨ$þ�%ɩ�7 Øŵ$ƖĨ

ķǕ:ǅ��ɩ³ÇĆÑķȲĨ%¢ý�ɩ�$ÑķȲĨ%ƖĨ#+ ;!¤Ą

�"�ɪŜßÜȲĨ1ƖĨ#¤Ą�ɩþ�$ö×ƖĨ� 10��Ŗ�6 ȲĨ�



 � ɯ � 

ǜ 2 ª#"6(Ĭî 2005)ɪŝȻƖĨ351��ƖĨ�%ɩƜǞåċȲĨ2C}

i�áȥ#36Ƚ²ȲĨ%��ɩƖĨ�ɥ�"6#�7�ɥ�"6ɪŝȻ"ǘ

ä35ɥ�ƖĨ�%ɩ�ɂÇƜǞ/ɂǞ¼ëƃ���6$�ɩRubisco$C}pE

N}Ç$Åƨ:����6ɪ 

� -�ɩǻƭí ��ęí#	�6űƣ$ŀɇ ƞŻ²ǞÜÒ#	��ɩɥ�

Ŷɥ#	�6ęěŹ%ɩœǳ	3(ƖĨ�Ŗ# 1"�ɩȄ$ǎǞÛşƨ%ɥ

�"5ɩŀɇ%����(Weih and Karlsson 1999)ɪ-�ɩɥę>cǆȁţ 6ǉ#

	��ǎǞœ�Ʌ:üÇ��6 ɩ>cǆ 3 ǉ�%ŀɇɩf>BqPȿ¼	3

(ǎǞÜÒɅ�üÇ�6�ɩCwZ|HLǆ 3 ǉ�%üÇ�"
��(Bowman 

and Bilbrough 2001)ɪ 

� �7-�#¡ƣ$ūɡȎƈĹ#���%Ȗǟ#ǀǍ�7����ɩǻƭűƣ

Ƥ#ęí$űƣ$ǉƤƵƸ"ūɡȎƈĹ#���%ɩɣ�*�� #+ ;!

ČɢƸ"ǀǍ�"�7��"
��ɪ�$�ɩêûɡ¼ƛĨ űƣ$ɡ¼ÜÒ

#ɍ��%�-5ƾ47�	4�ɩ-�ęí$űƣ#	�6űƣūɡĆƸǀǍ

%+ ;!Ȉ97��"�ɪ 

 

ǒ 2Ǘ� ÿę$ƤĹ 

1. ÿę#	�6êû	3(ƬùƤĹ 

� ÿę%Ŷɥ�1711m�Ŕţ$�æíŒ#	��ŝ1ɥ�ę��5ɩÈǫ35°22’ɩ

Ŧǡ 133°32’#�Ǭ�6ɪŔţƎ#ɜ��' �9ɥ��(�6ƦǏĝ��6 

�8
4ɩ¹ą#%Nm|<ĐƄã$ĭɝ:- 1#Ô�ɩĩɠɩĐºɩþə

ɚ$ęíñ$Ƅ« "6((Ȟ) ǻƟ¶éǭÇǖƫȞã 1991)ɪƂĚ%ĈęĚ	3

(ǿĞɉǨĚ�ɩêûV>l%Ŷɥ 700m ���%�# A ñǸűɂ�ȝď"ɛ

<�j@�Ȣɧ,�ê��6(ţÙ 1985)ɪɛ<�j@�Ȣɧ,�ê%ɂĹ�ɩ

pH(KCl)%
"5��ɩ4 :�á6ɪ�ŉĹɂĨ y-1 %
"5ɥ�ɩƤ#êûȉ

Ę#Ǭ��ɥ�ɪ|�ɂÜÒ¦ŏ% 1500:��6ɪŶɥ 700 ~ 900m�%ɩȌǾ

ŰŨê�Ħ�¼ğ���6�ɩêûĘ%ȇ�ɪŶɥ 1000m :��6 ɩęěŢ

ơê�Ħ�5ɩêûĘ%ȇ�ɩɧ,�ê%���ɪɧ,�ê%|�ɂÜÒǶ�



 � ɰ � 

ɥ� ǯ�476$�ɩ|�ūɡ%��� ǯ�476�ɩêûūɡƥľ#	

�6ƾȏ%+ ;!Ąì���"�ɪűƣ%Î��ǻƟƬù#ĩ�Ōȿ�7ɩ

ÿęƤş$űƣǮȃ2ƭľǛ�īŀ�7��6ɪ 

 

2. ÿę#	�6ǻƭűƣ 

� ÿę#ǻƭ�6űƣ%Ŷɥ 800m-�%<CqZɩK`{"!$ 2ŽŨ
4"

6ɪ800m:�6 ÿę:�ȉ�6k`$ǝŨ) ǇȈ�6ɪÿę$k`Ũ%ɩ

ŔţƎ®Ƥş$XNqMLɩhtuXɩAUxQ|e"!$Ũħűƣ$�ɩĀ

ģƋ®#ȏ476G�uOɩV�`L�jVFɩGqN]"!�Ɠŀ�ɩŔţ

Ǝñ ĀģƋñ $�ɌƸ"ŨĘ:1���6((Ȟ) ǻƟ¶éǭÇǖƫȞã 

1991)ɪ9�æ$ęí#	�6ŰŨ%ɩŶɥ$�Ŗ  1#k`Ũ"!$ȃȄĦ

ȄŸŨĠ
4^?hɩur"!$�ɥęɆȄŸŨĠ#
9����ɪÿę�%ɩ

k`Ũ$¼ğ% 1300m -��ɩ�$�Ⱦ%�ɥęĹ$ɆȄŸŨ$¼ğ:ż�ɩ

d|?ZFɩW>R�w`Fɩ``Cq_"!$�š�ȁţĠ)ǇȈ�6ɪ-

�ɩ�š�ȁţĠ:�ȉ�6űƣ%ɩŶɥ 1600m ��#Ǯƭ�6W>R�Ev

{pG��6ɪ�$�ɩZDMG{ɩq>[}T?"!$ÈŒǛ$űƣ
4ɩ

NKGj?�ɩGD>T?"!$�ę�śíǛ$űƣɩ�4#%ÿęåş$W

>R�EPr~ɩW>R�B^F|"!�ǻƭ���6ɪÿę#	��ɩɛġ

#þ�$űƣ�ƭĻ��	5ɩšţǉ	3(ȁţǉ$�Œ�Ŷɥ  1#ðƻ

¼ğ:ǅ���6ɪǓǰ4$șŪ#36 ɩȁţűƣ��6wq>b�{iɩ

BGdC�PJɩwqkENy?qɩ>V_|ɩrwqCVfrɩzuF	3

(BBfK�ÿęµò#ǻƭ����ɪ�74 7 ǉ%ƄƖ	3(íƖɩūɡƥ

ľ$Ƶ"6ŵ�"ŀǴí#ǻƭ���6� 
4ɩƄ«2êûƬùüÇ#Ē�

6ȻķŁƴ:ş���6 ǯ�476ɪ-�ɩ�74 7 ǉ$��1ɩ>V_|

%ɩɥƖɩɥø	3(�Ƣ"!$ĢĦ�Ť���ǱĹ:ǅ�� �ƾ47��

6(Seiger 1993; ISSG 2010)ɪĢĦ� pH~m}	3(êûV>l#ƭĄ�6� 

�ÕǶ��5ɩƎĜƿ�"!#1Ǯȃ:īŀ�6� ��6(Beerling 1991; 

Beerling et al. 1994)ɪ�$�ɩŝ1ƌƶ"¥ƴǉ ��z��Ygɩ<t|C	



 � ɱ � 

3(C`W"!�ƾ47�	5ɩ�74$íò�%ƭľǛ#ĩ�ĭɝ:Ï,�

(Beerling et al. 1994; Baily and Conolly 2000)ɩ�Ƴ$Ìɓýťǉ 100$�ǉ��6

(Lowe et al. 2000)ɪBGdC�PJ%Ɨíɩȁíɩɥę	3(ƿ�í$3�#�

Ƴ$þ�$íò�ŀǴ��	5ɩ�$ǉ�$õÝ%"�1$$ɩBGdC�P

J�ė�6CwZ|HLǆ#	���ƢǱĹ�ņŋ�7��6(Ishikawa et al. 

1991; Goetghebeur et al. 1998; Mabberley 2005)ɪ�74$� 
4ɩ>V_|	3

(BGdC�PJ%ĩ��Ƣ	3(ȟūɡǱĹ:ş�6 ǯ�476ɪ  

 

ǒ 3Ǘ� űƣ$ƞŻūɡ ƭƮĹ 
1. ǎǞūɡ �ƣƭƮɩǎǞ�Ȝ	3(ǎǞ¼ȿ 

� ǎǞ%űƣ#þɅ#Ȏƈ�76ūɡǞ��6ɪµűƣ �ƣɃ$ 1 ~ 5%�ǎ

Ǟ
4Ŵŀ�7ɩV�gGȢɩŬɂɩG��j=}ɩȋɀǞɩ³×ŀo}u�

	3(�Ž�ȜƮƣ$Ķɞ$ŴŀȎǞ��6ɪ-�ǎǞ%ǻƟƭľǛ#	��

űƣ$ŀɇ:Àɐ�6(Chapin 1980; Aerts and Chapin 2000)ɪűƣ%ÜÒ��ǎǞ

:¿Ư�H}Vr�	3(H}Vr�ɂ:×ŀ�ɩşŻƸ#H}Vr�	3(

H}Vr�ɂ#Ǣ×��ǎǞ:�$<rdɂɩ<q>_ɩ<r�ɩnlX_	

3(ɥ¼ĂɅV�gGȢ:×ŀ$�0#¿Ư�6(Marschner 2012)ɪ<rdɂ$

ƜǞɤŮ%�#³×ŀɩȑǚǛ	3(GA�ɂáȥ(TCAáȥ)
4£ǣ�76$

�ɩǎǞ�Ȝ%ƜǞ	3(Ac}F��Ȝ ɍȴ���6ɪ-�ɩȄȦǎǞ$

ÿÊ�ȄǨ ·#Ąì��	5(Makino and Osmond 1991)ɩȄȦǎǞ$ǜÊ¼�

³×ŀàĊ#¼ȿ�7��6$�(Evans 1989; Evans and Seeman 1989)ɩȄ$ǎǞ

%³×ŀǶ	3(�ƣƭƮ ĩ�ɍ¦���6(Field and Mooney 1986; Evans 

1989)ɪ 

� �ǽƸ#űƣ$ŀɇȲĨ%ɩūɡàĊ$ǎǞƛĨ ų0�ɥ�Ƽɍɍ¦:ǅ

�� �ƾ47��6ɪȍĉ4#36 qtǆ¡ƣ%>cǆ¡ƣ351ÜÒǎ

Ǟ��5$�ƣƭƮÅƨ���(1983)ɪŀǴŠɌ�	3(ÒǌŚ$>cɩf~>

Ny	3(W>Q"!ŏǉ$¡ƣ#	�6ǎǞɖǋɅ µ�ƣɃ$ɍ¦#	�

�ɩ>cǆ	3(ŭȂ�%ǎǞɖǋɅ�úÄ�6 �ƣɃ�ņŏɍŏƸ#úÄ



 � ɲ � 

�6�ɩqtǆ�%�ǰ$Ɍ#ƻǪƸ"ɍ¦��6(Osaki et al. 1992; Osaki et al. 

1996)ɪ-�ɩ>cǆ 8ǉ qtǆ 7ǉ:çö�ůó�� �8ɩ�ǰ$ɍ¦#

Øŵ$Ǣũ�İ47ɩǎǞɖǋɅ��5$�ƣɖǋɅ�>cǆ351qtǆ�

��(Shinano et al. 1994)ɪ�74$� 
4ɩ�ƣƭƮɅ ǎǞūɡ$Ɍ#%ų

0�ĎŇ"ɍ¦�Ąì���6 ǯ�476ɪ�4#ɩ�74%ǆ	3(ǉ#

3��ŵ���6� �ǯ�476ɪ 

� >cɩe}KsFɩ^?u�KNɩW>Q	3(f~>Ny#	��ɩǎǞ

œ�Ʌ:üÇ���ö×$Ʒơ�Š$ÖȾ�$Ʋ¼¾ǎǞÇ×ƣ$¼ȿÂ×%ɩ

Ȁ�%œ�ǎǞɅ$�Ŗ#35ƞŻľǎǞÇ×ƣɩȶɗ<rdɂɩl�{r�

$Â×�ɥ�"���ɩȄ�$¼ȿÂ×%œ�ǎǞɅ#ɍ94��ċ����

(Shinano et al. 1991)ɪ-�ɩ>cǆ¡ƣ 5ǉ	3(qtǆ¡ƣ 5ǉ$ǎǞÇ×ƣ

$¼ȿ	3(ɖǋ#	3,�ǎǞ£ǣɅ$ĭɝ%Ĕ��(ęư 1996)ɪ�ƣƭƮ

%ƜǞ	3(ǎǞɌ$Ƽ�¡Ư#35Àı�7��6ɪ�$�0ɩÜÒ�7�

ǎǞ$¼ȿ	3(ɖǋ�!$3�#Àı�7��6
%ɃȎ��6ɪ 

 

2. |�ūɡ ǎǞ	3(�ƣƭƮ 

� |�%�ǽ#ŬɂɩŬV�gGȢɩ|�ǷȢɩȋɀǞɩǚ|�ɂAP\}	

3(ƞŻ$|�ɂ>B� ��űƣ �#Ąì�ɩþ�$ɃȎ"ĮÂ:ũ��

��6ɪƭ ·#	�6ŝ1ɃȎ"ĮÂ ��ɩAc}F��ȸ$ā  ��

±�� ��6ɪ³×ŀ$ƜǞØÇǛ2ȑǚǛ$�Ɍ�ȜƮƣ%+ ;!�Ɯ

ƅÇƣ$|�ɂAP\}��5ɩɌŇƸ#Ac}F��ȸ#ɍ��ɩ�4# ATPɩ

NADɩNADP "!$ɥAc}F�|�ɂÇ×ƣ%þ�$ɀǞÑķ#	�6ƻŇ

ƸAc}F�£�  ��¡Ư�6ɪ�"9�ɩȑǚǛ2 TCAL>G}35ƭ

ŀ�76Ac}F�:Ɛȡ�ɩATPɩNAD �6�% NADPH :ƭŀ��ɩƭ 

·#	�6Ac}F�ȧǇÑķ2ɂÇȽ²Ñķ:Àı���6ɪ 

� |�ȎƈĹ$ŌȿŻŴ ��ɩ³×ŀɩßÜɩV�gGȢ×ŀɩǷȢ×ŀɩ

ǁɂȽ²:%�0 �6þǉɟ$×ŀǛ2�ȜǛ#ɍ96țɀǞ$ƌĹǥŅɩ

>B�$ǋųƸÜÒ"!#	��ɩ�6ƛĨ~m}��$|��Ȏƈ�76�



 � ɳ � 

 :��6� ���6ɪ�|�É$^?u�KN$ŀǴ%ŶƘÉ ƃȨ��

65%#���ɩ³×ŀǶ1 50%#����(Usuda and Shimogawara 1991)ɪ�Œɩ

G��j=}Ûşƨ2V�gGÛşƨ%�-5���"
��ɪ�4#ɩW>

Q#	��1Ȅɜǋ��5$G��j=}ƛĨ%ĭɝ:Ô�#��(Fredeen et 

al. 1989)ɩG��j=}ƛĨ%|�ż�Ť����Ŗ�6°Ú1�6(Rao and 

Terry 1989)ɪ^?u�KN#	��ɩ³×ŀ2ßÜ#ɍ��6ÖǉɀǞ$��ɩ

Rubisco 	3( PEPC :%�0 �6þ�$ɀǞƌĹ� 50 ~ 80%#����

(Usuda and Shimogawara 1991)ɪ�74$Ǣũ
4³×ŀ2ßÜ#ɍ��6ɀǞǮ

%�$ƌĹ:ǥŅ�6�0#V�gG×ŀ2G��j=}×ŀ�ĶȎ �76

|�~m}35ɥ�~m}$|�:Ȏƈ�6� �ǯ�476ɪ-�ɩ|�ż

�Ť��%G��l{P^·#]�l��ɖǋ�(Heldt et al. 1977)ɩ|�£ǣ~

m}�Ȅ$]�l� /PG��Pƃ$Ɖċ#ɍ����6 (Giaquinta and 

Quebedeaux 1980)ɪ�74$� 
4|��Ȅ$ƜƅÇƣ�Ȝ	3(³×ŀƮƣ

$¼ȿ#ɍ����6� �ÿ�#ǯ�476ɪ 

� Ȫ¡ƣ#	�6|�ūɡ ƜǞ	3(ǎǞ�Ȝ$ɍ¦#	��ɩ|�ɖǋɅ

�>cǆ¡ƣ�%ƜǞ	3(ǎǞ�Ȝ ɩqtǆ¡ƣ�%ǎǞɖǋɅ $.ɍ

¦��6� �ņŋ�7ɩǎǞ	3(|�$ɍ¦%ŀǴŤ�#3��üÇ�6

� �ǯ�47�(Osaki et al. 1996)ɪȪ¡ƣ(>cɩ^?u�KNɩW>Qɩ<Q

Eɩf~>Ny	3(\�L>)$ÖȄ�#	�6ǎǞɩ|�$ɍ¦:șŪ��

ǢũɩȄ$ǎǞ |�Ûşƨ$ɍ¦%W>Qɩ<QEɩf~>Ny	3(\�

L>�%ņŏɍŏƸ�����ɩ>c	3(^?u�KN�%ĥǊīŀŠ�Á

#»Ʃ��Ȅ �7�ɏ#»Ʃ��Ȅ�%�ǰ$ɍ¦%Ƶ"6� :õÝ��

(Osaki 1995a)ɪ��$� 
4ɩ|�ūɡ%ƜǞ	3(ǎǞ�Ȝ ƒ�Ǣ(��

��6 ǯ�476ɪ 

 

3. C|?sūɡ ǎǞ	3(�ƣƭƮ 

� C|?s%ǎǞ#Ž��űƣ#þɅ#Ȏƈ�76ūɡǞ��6ɪC|?s%

Ç×ƣ:īŀ�"�� 
4ĶɞĹ$ȕŗ�ɘ��ɩǎǞ	3(|� ƃȨ�



 � ɴ � 

6 ¡ƯŻŴ#���Ţȑŗ"Ⱦ¼�þ�ɪC|?s$ĮÂ:��$3�#-

 06� ���6ɪ1) Ƅă$ɋɊ#ɃȎ"ĮÂ:ũ����6(Humble and 

Raschke 1971)ɪƄă$ăȫǟǵ�$C|?sƛĨ%ƄăɋɊ ĎŇ"ɍ¦#�

5ɩƄă�ɋ���6 �#%C|?s$ƛĨ�ɥ�ɪ2) pH $ĈċÇ(Huber 

1985)2ƏȰë$ǥŅ(Marschner 2012)"!#ɍ����6ɪ3) țɀǞ$ƌĹÇ

(Suelter 1970)2ǹȰȷȷǈ(Fisher et al. 1970)"!#ɃȎ��6ɪC|?s>B�

#3��ƌĹÇ�76ɀǞ% 50 :Ȥ�(ƕȫ 2011)ɪ4) C|?sūɡ%³×ŀ

Ʈƣ$ȧƍ#1ɍ����6(Amir and Reinhold 1971; Haeder et al. 1973; Hermans 

et al. 2006)ɪ5) ǎǞ�ȜɩƤ#V�gGȢ×ŀ#§ȵƸ#¡Ư�6ɪ 

� C|?sūɡ%³×ŀɩV�gGȢ×ŀ�6�%ǎǞ�Ȝ#ĭɝ:	3,�

� �ǯ�476ɪC|?s%PG��P$ǋ.Ȭ.	3(qPj��#36

Ǚǖ#	�6ƙȢȧƍȲĨ$�Œ#ɃȎ"ĮÂ:ũ����6ɪC|?s>B

�$�$ŻǶ ��ɩ1) PG��P$ǋ.Ȭ.$�0#Ǚǖ#	��ɥ� pH

:ǥŅ�6ĶȎĹɩ2) T�PàĊ®#	��Ǻë:úÿ�ɩN�G)$³×ŀ

Ʈƣ$ȧƍ§ȵ$ 2��ǯ�47��6(Marschner 2012)ɪǙȾ$ǋ.Ȭ.	3

(ØÇƮƣ$¼ȿ#	�6C|?s>B�$ĮÂ%ɩí�Ⱦ	3(í�ȾɌ$

ɛŴȳĹƜƅÇƣ$¼ȿ:ƃȨ�6 ŗ4
��6ɪŭ)$ØÇƮƣ$ȧƍ%

C|?sż�űƣ#	��ĩ����(Cakmak et al. 1994a)ɩN�G)$��ØÇ

Ʈƣȧƍ1C|?sż�Ť���$ŭ$ŀɇ��#	��ŗ4
��6

(Cakmak et al. 1994b; Hermans et al. 2006)ɪ 

� V�gGȢ×ŀ#	��ɀǞƌĹ351ɥƛĨ$C|?s�Ȏƈ�76ɪC3

űƣ#	��ɩȄǨ V�gGȢ$ÿÊ% RuBPC}pEN{�S��6ɪ�$

ɀǞ$×ŀ2³×ŀȲĨɩ³ßÜ�C|?sż���Ɏč�7ɩC|?s$¸

£ǣ�Ǟŕ�ķǕ�6(Peoples and Koch 1979)ɪ-�ɩC|?sż���ɩÕƙ

ĹşŻǎǞÇ×ƣɩ<rdɂɩ<Pg{F�	3(	H}Vr�$3�"<q

>_ɩǁɂƛĨ��Ŗ�6(Armengaud et al. 2009)ɪC|?sż�Ť���ɩl^

~N��ƤƵƸ#ɖǋ�6� 1õÝ�7��6(Aurisano et al. 1993)ɪ�$ƫƱ

 ��ɩC|?sż�#35l^~N�$×ŀǡȥ�ƌĹÇ�7ɩl^~N�



 � ɬɫ � 

�þɅ#ɖǋ�ɩǟǵȢ pH:ɥ�șŐ�6C|?s$ŻǶ:ȋ����ÕǶĹ

�ǯ�476(Smith 1973)ɪ�Œ�ɩKsFɩ^?u�KNɩW>Q	3(f~

>Ny:C|?sƞœ��ůó��1ɩ�ƣƭƮ:ȅ�����61$$ɩ<

rdɂǠŀ%üÇ��ɩǎǞ$¼ȿ	3(¿ƯŻŴ	3(ǎǞ$�ȜŻŴ%�

�:Șŗ�6+!ÿ��üÆ�"� �õÝ1�6(Shinano et al. 1990)ɪ 

� Ȫ¡ƣ#	�6C|?sūɡ ƜǞ	3(ǎǞ�Ȝ$ɍ¦#	��ɩC|?

sɖǋɅ�>cǆ¡ƣ�%ƜǞ	3(ǎǞ�Ȝ ɩqtǆ¡ƣ�%ǎǞɖǋɅ

 $.ɍ¦��6� �ǯ�47ɩǎǞ	3(|����"�ɩC|?s $

ɍ¦1ŀǴŤ�#3��üÇ�6� �ǯ�47�(Osaki et al. 1996)ɪȄ$ǎǞ

 C|?sÛşƨ$ɍ¦%>cɩ^?u�KNɩW>Q	3(<QE�%+,

ž$Ƽɍɍ¦����ɪ�ŒɩŭȂ�%��Ȅ:ɑ�ǎǞ C|?s$f{�

P�ƤĴƸ��5ɩǎǞÛşƨ$üÇ#ɍ94�C|?sÛşƨ%�ċ��6

 ��ƤĹ:ǅ�� �¼
��(Osaki 1995a)ɪ�4#f~>Ny$ȄȦ	3(

÷Ȁ$rc{}f{�P%ƜǞ	3(ǎǞ�Ȝ$ȎƈĹ#3��üÇ�6� 

1õÝ�7�(Osaki 1995b)ɪ�$3�#ůó¡ƣ$�ƣƭƮ þɅĶɞ²Ǟ $

ɍ¦%¡ƣ$ǆɩǉ	3(ȠȆàĊ$şƞ"!#3��ƤĴ��6 ǯ�47

6ɪ��$� 
4ɩC|?sūɡ1ƜǞ	3(ǎǞ�Ȝ ƒ�Ǣ(����

5ɩ�ƣƭƮ#ÿ��ĭɝ:	3,�� �ǯ�476ɪ 

� ţǗ�%ǎǞɩ|�	3(C|?sūɡ ƭƮĹ#���Ȯ*��ɩµ�¡

ƣ#���$ƾȏ��6ɪǻƭűƣ#	�6�74#���$ȓȮ%+ ;!

Ąì�"�$�Čƥ��6ɪ 

 

ǒ 4Ǘ� ţǀǍ$ƺƸ 
� ǻƟűƭ$Ȼ½"ŀɇ:ǃ¨�6�0#ɩǻƭűƣ$űƣūɡĆƸƤĹ	3

(ǻƭƬùȎâ#Ē�6ŀɇȻķŁƴ:ƫȑ�6� �ɃȎ��6ɪ�$�0ɩ

ɥęűƭ:Û/ǻƭí#	�6ǻƭűƣ$ŀɇ ƞŻ²ǞÜÒ#ɍ�6ôǄƸ

ƾȏ:Òɖ�6� �ĶȎ�Õż��6ɪűƣ$�ƣƭƮ%ƜǞ	3(ǎǞ$

Ƽ�ɍ¦#ĩ�Ōȿ�7	5ɩǎǞ:�ĵ ��ƞŻɡ¼$ÜÒ ɩÜÒ�7



 � ɬɬ � 

�ÖǉƞŻ²Ǟ$Ƽ�ɍ¦��ƣƭƮ#ÿ�"ĭɝ:��6 ňċ��6ɪ-

�ɩƞŻ²ǞÜÒ	3(ƞŻ²ǞɌ	3(�ƣƭƮ $Ƽ�ɍ¦$ƤĴ%űƣ

ǉ#3��ŵ���6ɪ�$� 
4-�%ɩÿę#ǻƭ�6ŵ�"ȁţűƣ

$ȄȦ#	�6ɡ¼ÜÒƤĹ	3(Ȅ$ƞŻ²Ǟɖǋ �ƣɖǋƤĹ$ɍ¦:

ȑŧ�6ɪţǀǍ#	��șŪ��ȁţűƣ 14ǉ$�� 7ǉ%êûɡ¼2Ŷɥ

$Ƶ"6µíƝ#ǻƭ���6ɪ�$� %êûɡ¼2Ŷɥ�üÇ��1Ȼķ

��ŀǴ���6� :ļÞ���6ɪ7ǉ%NWűƣɩȊĂűƣ$ȹ�ɩËĂ

ȄɩÐĂȄűƣ$ȹ�ɩǉ$ȹ�:Ņ��ŵ�"1$��5ɩêû2Ŷɥ �

��Ƭù#Ē�6�74 7 ǉ$ȻķŁƴ:ƾ6� %ǻƟƥľ#	�6ŀɇŁ

ƴ$ŃŊ# ��ɃȎ��6ɪ����74 7 ǉ#	�6ƬùȎâ#Ē�6Ȅ

ȦƞŻ²ǞɖǋƤĹ:șŪ	3(ǯđ�6ɪ�Œɩµò#ǻƭ�6űƣ 7 ǉ#

Ē�ɩƀ5$ 7 ǉ%ÿę$Ŷɥ$��íƝ�$.ɩ��íƝ �ǈĨ$íƝɩ

�6�%Ŷɥ$ɥ�íƝ�$. ���ĖłƸ#ǻƭ���6ɪ�74%ɐ4

7�íƝ#	��$.ǻƭ���6� 
4ɩµò#ǻƭ�6űƣ %Ƶ"6

ɡ¼ÜÒƤĹ	3(ŀɇŁƴ:Ņ���6 ǯ�476ɪ���ɩ�74 7 ǉ

$ȄȦ#	�6ƬùȎâ#Ē�6ȄȦƞŻ²ǞɖǋƤĹ:șŪ�6ɪűƣ$ŀ

ɇ%µŀɇɅ$� :ǅ�$�ɩµűƣ  ��$ƞŻ²Ǟɖǋ$ķǕĹ1Ų

ȕ�ɩȄȦƞŻ²Ǟɖǋ ƃȨ�6ĶȎ��6ɪ�$�0ɩ-�%µűƣ �

1ƞŻ²Ǟɖǋ#36ŀɇŁƴ$¼ɟ:Ȉ�ɪ�7-�#ǻƭí#	��űƣ

$ŀɇŁƴ:ƞŻ²Ǟɖǋ ƬùȎâ $ɍ¦#35¼ɟ�6�ɩŽ#�$3

�"ŀɇŁƴ#ȹ���-76Íâ#ǼÞ�Ņ�76ɪŀɇ�"9��ƣƭƮ

#%ǎǞ�Ȝ�ÿ��ɍ9���6 ǯ�476ɪ���ƞŻ²Ǟɖǋ	3(

ŀɇ#ÿ�"ĭɝ:	3,� ǯ�476óíɡ¼ƛĨ#ƽƺ�ɩ�Ȏ"ūɡ

Ǟ��6ǎǞɩ|�	3(C|?s:ĢĦ�ƛĨ#Ȕċ��ƅǲůó:Ȉ�ɩ

ŀɇ ǎǞ�Ȝ$ɍ¦:șŪ�ɩŀɇŁƴ$ȹ�:ȑŧ�6ɪŝį#ɩÿęǻ

ƭűƣ$ŀɇŁƴɩ�"9�ƞŻ²ǞɖǋƤĹ	3(ŀɇɩƞŻ²ǞÜÒ	3

(ǎǞ�Ȝ#	3,�ƬùȎâ	3(óíūɡ$ĭɝ:űƣūɡĆƸ#ǧ×Ƹ

#ǯđ�6ɪţȚő$Ŵŀ:��#ǅ��ɪ 



 � ɬɭ � 

1) ÿę#ǻƭ�6ȁţűƣ 14 ǉ$ȄȦ#	�6ŀɇ ƞŻ²ǞɖǋɌ$ɍ¦

	3(�74űƣ#Ē�6ƬùȎâ$ĭɝ:ƤĴ���6�0ɩ�ƣɃ	3(

ƞŻ²ǞÛşƨ:șŪ�6ɪ 

2) ÿęµò#ǻƭ�6ȁţűƣ 7 ǉ$ȻķŁƴ:ȄȦƞŻ²Ǟɖǋ ƄƖɩí

Ɩɩêûɡ¼�6�%Ŷɥ"!$ǻƭƬùȎâ $ɍ¦:1 #ȑŧ�6ɪ 

3) ÿę#ĖłƸ#ǻƭ�6ȁţűƣ 7 ǉ$ŀɇŁƴ:ȄȦƞŻ²Ǟɖǋ ƄƖɩ

íƖɩêûɡ¼�6�%Ŷɥ"!$ǻƭƬùȎâ $ɍ¦:1 #ȑŧ�6ɪ 

4) ÿęµò#ǻƭ�6 3 ǉ:óíǎǞɩ|�	3(C|?sƛĨ:ĢĦ�üÇ

���ƅǲůó:Ȉ�ɩŀɇķǕ ŀɇ:Șŗ�6�ƣƭƮŻŴ:șŪ�6ɪ

�ƣƭƮŻŴ ��ɩȄȦǎǞÇ×ƣ¼ȿɩ<rdɂ	3( RubiscoɖǋÂ×:

ȑŧ�6ɪ 

5) ÿęǻƭűƣ$ƞŻ²ǞɖǋƤĹ	3(ŀɇɩƞŻ²Ǟɖǋ	3(ǎǞ�Ȝ

#	3,�ƬùȎâ	3(óíūɡ$ĭɝ:űƣūɡĆƸ#ǧ×ǯđ�6ɪ 
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Ŕ 2œ 
 

ÎÞ#ũĹ�4ŬďĘĴ 14Ŏ$ůŻ#	�4ıĜ�ŝƎŏ  

�ĴƎŏ$Ƌ� 

 

� ũĲĘĹ$Ɓ�"ûƇ8ň��4�.#ƙ+�%ũĹÁ#	�4ũĹĘĴ$

ûƇ ıĜ�ŝ¶¬#Ƌ�4ÅŉłŅŴ8ð4� �óų�¯ĝ��4ƚĘĴ

$�ĴĹĺ%įŝ	1&Œŝ$ń�Ƌ�#ëĂƂ�5	3ƙŒŝ8�ò �

�ıĜƖ�$¶¬ ƙ¶¬�5�°ŎıĜ�ŝ$ń�Ƌ���ĴĹĺ#Î�"

ìƐ8��4 Ŧ�254ƚďœ�%ƙÎÞ#ũĹ�4Ě�"ƈƙšƙŌ	1

&Ŏ#Ü�4ŬďĘĴ$ůŻ#	�4Ɩ�¶¬ĵö	1&ůŻıĜ�ŝƎŏ 

�ĴƎŏĵö$Ƌ�8ŵđ��ƚ�$�.#ƙÎÞ#ũĹ�4 14Ŏ$ůŻ#	

�4Œŝƙtyƙ>t<kƙ>uJ<k	1&iC]J<kµČĶ8�đ��ƚ

+�ƙė¿ÀÊ$£Òĵö ��ƙÀÊ pHƙƏĢ�ÙèƙÀÊŒŝƙ¯şùt

yƄƙ�āö>t<kƙ>uJ<k	1&iC]J<kĭè8�đ�ƙ�7�

�ũĹÁ#	�4Ģĩ	1&Áĩ/ûŧčƊ8Ž��Źĕ��ƚ 

 

Ŕ 1Ř� Đą Ćĥ 

1. �ŸĘĴ	1&ŹĕÁ 

� �ŸĘĴ%ÎÞ#ũĹ�4JQĘĴ 2Ŏƙ§ÐůĘĴ 6Ŏ	1&«ÐůĘĴ 6

Ŏ$Ŷ 14Ŏ �ƙ�52ĘĴ$Ŏ³ƙ¸³ƙš³ƙŌ³ƙūč	1&ũĹ�4

Áİ8Ų 2-1#Ŋ��ƚ 

� ŹĕÁ%ÎÞÌÞŁÞſĤ�$ A Áİ(ěƗ 850m)ƙB Áİ(ěƗ 1200m)	1

& CÁİ(ěƗ 1500m)$ 3Áİ ��(½ 2-1)ƚA	1& BÁİ%eZ	1&j

MZs"!$ŮůƗĎ��¨�4ŮůƗĎá��3ƙ�$Ēç#%gTTKƙ

blmR	1&pMt_"!$�Ď	1&RJiIH"!$ŬďĘĴ�ũĹ�

4ƚCÁİ%Q;Ny@nshBƙT?IBs"!$�Ď	1&i;UuO<	

1&ZyGBB?;O<"!$ŬďĘĴ�ũĹ�4�ĎzŬďá��4ƚ 
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2. Ģĩ	1&Áĩ$ĪÕ 

� ŹĕčƊ�$Ģĩ8ĪÕ�4�.ƙ2006 å 7 ċ 13 ć
2 10 ċ 31 ć	1&

2007å 7ċ 27ć
2 10ċ 17ć#ÚÃĩèĪÕ¹(Thermo Recorder TR-52, T & D 

Co. Ltd, Nagano, Japan)8°Áİ#	��Á} 15cm $Ɨ�#ŷť��ƚ�2#

2007å 7ċ 27ć
2 10ċ 17ć#°Áİ#	��²ĪÕ¹8Ļ�Ĩ� 15cm$

ÀÊĩè8ĪÕ��ƚBÁİ#	��ƙĪÕ¹8ŜÏ���.ƙ2007å 7ċ 27

ć
2 9ċ 13ć+�$ÀÊĩèW{P8¬Ǝ�4� ���"
��ƚŹĕč

Ɗ�$Ģĩ	1&ÀÊĩè8 10�� #ĪÕ��ćäÂĢĩ$� ��Ŋ��ƚ

+�ƙŏŗĢĩ	1&Áĩ8ćäÂĩè$Ţ¸#13ð�ƚ 

800 m

1200 m

1000 m

1400 m

Mt. Daisen1710 m

site A

site B

site C

The Mountain Trail

Tottori PrefectureJapan

1000 m

800 m

1200 m

1000 m

1400 m

Mt. Daisen1710 m

site A

site B

site C

The Mountain Trail

Tottori PrefectureJapan

1000 m

Figure 2-1 Location of study sites on Mt. Daisen. Along the Mountain Trail of Mt. Daisen, 
three sites (site A; altitude 850m, site B; altitude 1200m and site C; altitude 1500m a.s.l.) 

were selected as study sites.  
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3. ĘĴ	1&ÀÊ$ÿ 

� ÎÞ#ũĹ�4ŬďĘĴ 14Ŏ$ůŻ8Ų 2-1#Ŋ�ũĹÁ#	���5�5

ÿ��ƚ2005å 7ċ 19ćƙ8ċ 29ćƙ9ċ 22ćƙ10ċ 20ć	1& 2006å

7ċ 13ćƙ8ċ 25ćƙ9ċ 22ćƙ10ċ 31ć#%§ÐůĘĴ��4=B^>y

LEƙRi@IHƙoiK^gXXAL	1&i;UuO<	1&«ÐůĘĴ

��4oie@Jq<iƙ;PYtƙjoi>P`j	1&==>[F<mt

8ÿ��ƚ2007å 7ċ 26ćƙ9ċ 4ćƙ10ċ 17ć#%JQĘĴ��4oi

;\xsc	1&=JQƙ§ÐůĘĴ��4=B^>yLEƙRGptƙi;

UuO<	1&Jq<Kq<`>i	1&«ÐůĘĴ��4oie@Jq<iƙ

;PYtƙrmA	1&==`F8ÿ��ƚ�5�5$Ŏ#	��ƙ12 ~ 15

ē$Ô�ÛƉů8ÿ��ƚÿ����$Ÿą8 70�� 72 ĊƊŽƕ�ĳ�ƙ

�Ĵƅ8ĪÕ�ƙŚŇ��ïƙıĜ�ŝ�đĻŸą ��ƚ 

� �ŸĘĴ$ÿÇü$ŲÝÀÊ8ƌª��ïƙĨ� 5 ~ 15cm$ė¿ÀÊ8°

Źĕć#ÿ��ƚÿ��ÀÊ8¥�Žƕ�ĳ��ƙ5mm $'4�8Ž��

ïƙ�đĻŸą ��ƚ 

 

4. ĘĴ	1&ÀÊ$£Ò�đ 

� ŒŝµČĶ8ĪÕ�4�.ƙĘĴŸą8NjjBwDuQ{uĥ(Bremner and 

Mulvaney 1982)��ŵ��ïƙ]Ls{ĥ(Yuen and Pollard 1952)�ġŪÕƆ��ƚ

ty8`ZYmteƄƘŪĥ(Watanabe et al. 1998)ƙ>t<k8Į�ĥ(Z-6100 

Polarized Zeeman Atomic Absorption, HITACHI, Tokyo, Japan)ƙ>uJ<k	1&

iC]J<k8©Ð¶����èĥ(²})#13ĪÕ��ƚ 

� ÀÊ pH(H2O)%ƙ10g $ÀÊŸą# 25ml $Űľģ8 �ƙ1 ĊƊĦżý��

�ïƙpHl{P{(pH/COND METER D-54, HORIBA, Kyoto, Japan)�ĪÕ��ƚ

ƏĢ�Ùè(EC)% pH ĪÕï$úĬħ#�2# 25ml $Űľģ8 �ƙ1 ĊƊĦ

żý���ïƙEC l{P{(²})�ĪÕ��ƚ�Œŝ8NjjBwDuQ{u

ĥ�ĪÕ��ƚ¯şùtyƄĭè8ev;Ŕ II ĥ�ĪÕ��(Bray and Kurtz 

1945)ƚÀÊ�āö>t<kƙ>uJ<k	1&iC]J<k8ĪÕ�4�.ƙ



 � ƜƢ � 

ÀÊŸą 1.5g8 1MƃƄ:ym[<k 30ml�Ħżý���ïƙ>t<k8©Ð

¶����èĥ(AA-6800, SHIMADZU, Kyoto, Japan)ƙ>uJ<k	1&iC]

J<k8fsMiŀ���ĥ(ICPS-2000, SHIMADZU, Kyoto, Japan)�ĪÕ��ƚ

ďŹĕ#	��ƙ¯şùtyƙ�āö>t<kƙ>uJ<k	1&iC]J<

k8 2006å	1& 2007å$=B^>yLEƙoiK^gXXALƙRGptƙ

oie@Jq<i	1&;PYt$ė¿ÀÊ#	��$,ĪÕ��ƚ 

 

5. ŠŶ�ķ 

� ŠŶŵđ8 SPSS statistical program version 10.0 (SPSS, SPSS Japan Inc., Tokyo, 

Japan)8Ļ��ű��ƚĘĴ$ıĜ�ŝµČĶ ÀÊıĜ�ŝĭèƊ$Ƌ�ƙŒ

ŝµČƆ �ĴƅƊ$Ƌ�	1&ŒŝµČĶ ty	1&>t<kµČĶƊ$

Ƌ�#	��ºâ�đ8ű��(P < 0.05)ƚŒŝµČĶ ty	1&>t<kµ

ČĶƊ$Ƌ�#	�4äÂ$�Ą8 tęÕ(P < 0.05)#1���đ��ƚ 

 

Ŕ 2Ř� ŞĔ 

1. Ģĩ	1&Áĩ 

� ćäÂĢĩ(�)%AÁİƦBÁİƦCÁİ$Ƒ#Ɨ
��(½ 2-2(a)	1&(b))ƚ

ćäÂĢĩ% 9ċ+�% 2006å 2007å�Ɣ������ƙ�$ï 2006å�

%ŹĕčƊïč#´
��Ť0
#�~��ƚ2007 å�% 9 ċï¦+�%Ť0


#�~�ƙ�$ï 10ċ#õī#�~��ƚŹĕčƊ�$äÂĢĩ% AƙB	

1& CÁİ��5�5 2006å#	��% 17.7ƙ15.5	1& 13.3ƙ2007å#	�

�% 19.2ƙ17.1	1& 15.0����ƚ 

� 3Áİ#	�4ćäÂÀÊĩè(�)% 9ċ�Ĉ+�%�+3Ë£��ƙ�$ï

�~��(½ 2-2(c))ƚŹĕčƊ�$äÂÀÊĩè% AƙB	1& CÁİ��5�

5 17.0ƙ15.9	1& 12.7����ƚ 

 

2. ÀÊ£Òĵö 

� ÀÊ pH%�Áİ	1&åĞ8Ž�� 4 ~ 6$ř¼����(½ 2-3)ƚÀÊ pH
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% A	1& BÁİ�Ɣ������ƙ�$ 2Áİ13/ CÁİ#	��Ɨ
�

�ƚ+�ƙ2005å13/ 2006å	1& 2007å#	��Ɨ
��ƚÀÊ EC% 1 

~ 25 µS cm-1 ãæË£�ƙ�$ 2Áİ13/ AÁİ#	��ƙ+�ƙ2006å

	1&2007å13/2005å#	��Ɨ
��ƚ2005å	1&2006å#	��ƙ

ÀÊ EC %ŋÑ#´
��Ġƍł#�~�4�´�Ŵ25��ƙ2007 å#	�

�% 9ċ#�~�ƙ�$ï 10ċ#}ĉ��ƚ�Œŝĭè% AÁİ#	�� 5 ~ 9 

mg g-1��3ƙB	1& CÁİ#	��% 2 ~ 5 mg g-1����ƚûŧčƊ�	

1&åĞƊ$�ŒŝĭèË£%Ú�
��ƚ̄ şùtyƄĭè% 0.1 ~ 0.4 mg g-1

��3ƙÁİƊ$Ë£%Ú�
���ƙ2007å13/2006å#	���
��ƚ

�āö>t<kƙ>uJ<k	1&iC]J<kĭè%�5�5 0.1 ~ 0.3ƙ0.5 ~ 

6.0	1& 0.2 ~ 1.5 cmolc kg-1����ƚ�āö>t<kƙ>uJ<k	1&i

C]J<kĭè#	�4ÁİƊ	1&åĞƊ$Ë£%Ŵ25"
��ƚ 

 

 

 

 

 

 

 

 

 

 

 

Figure 2-2 Mean daily air temperature (˚C) at three sites during the sampling period from Jul. 

13 to Oct. 31 in 2006 and from Jul. 26 to Oct. 17 in 2007 and mean daily soil temperatures 

(˚C) at three sites during the sampling period from Jul. 26 to Oct. 17 in 2007. The arrows 

represent the days of sampling the plant and soil, on Jul. 13, Aug. 25, Sep. 22 and Oct. 31 in 

2006 and on Jul. 26, Sep. 4 and Oct. 17 in 2007. 
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3. ůŻ#	�4�Ĵƅ ŒŝƎŏƆ$Ƌ� 

� � 14Ŏ#	��ƙŹĕ����$Áİ	1&åĞ��Ĵƅ ŒŝƎŏƆƊ#

Č÷"ğ$ńƋƋ��Ŵ25�ƚ�
�"�2ƙ�$ºâŃţ$��%ŎƊƙ

ÁİƊ�4�%åĞƊ�Ŀ"����ƚÁİ	1&åĞ��8µ-ºâŃţ$

��ƙ�"7�ŒŝƎŏƆ(g)��3$�Ĵƅ(g)%=B^>yLE	1&Jq<

Kq<`>i�%�5�5 44.51	1& 58.39 õ����ƚ|Ćƙoi;\x

scƙ=JQƙRi@IHƙoiK^gXXALƙoie@Jq<i	1&=

=>[F<mt�% 30 ~ 35 ��%�ōè�ƙ�$ 6Ŏ#	��% 20 ~ 25 

Figure 2-3 Soil chemical properties in three sites on Jul. 19, Aug. 29, Sep. 22, Oct. 20 in 

2005, Jul. 13, Aug. 25, Sep. 22 and Oct. 31 in 2006 and Jul. 26, Sep. 4 and Oct. 17 in 2007. 

Bars in figure indicate S.D. value (4 ~ 44). EC, electric conductivity; N ,nitrogen; P, 

phosphorus; K, potassium; Ca, calcium; Mg, magnesium. 



 � Ɲƛ � 

Ť0
����ƚJQĘĴ#	��ƙoi;\xsc�% CÁİ AÁİ$ƙ

=JQ�% AÁİ BÁİ$����5�5Č÷#Ŀ"����(½ 2-4	1&

Ų 2-2)ƚ§ÐůĘĴ#	��ƙ=B^>yLE	1&RGpt�%°ÁİƊ$�

�#Č÷"ß%Ŵ25"
��ƚ|ĆƙoiK^gXXAL	1&i;UuO 

<�%ũĹ�4ÁİƊ$���Č÷#Ŀ"����ƚ=B^>yLE�% 3 å

Ɗ��$åĞƊ$���Č÷#Ŀ"��	3ƙi;UuO<�% 2005å 2006

å	1& 2007 å 2005 å$���Č÷#Ŀ"����ƚRi@IH	1&o

iK^gXXAL#	��%åĞƊ$��#14ƀ�%Ŵ25"
��ƚ«Ð

ůĘĴ#	��ƙoie@Jq<i�%AÁİ BÁİ	1&CÁİ AÁİƙ

;PYt	1&joi>P`j�% BÁİ CÁİ	1& CÁİ AÁİƙ=

=>[F<mtƙrmA	1&==`F�% AÁİ BÁİ$����5�5

Č÷#Ŀ"����ƚ+�ƙoie@Jq<i	1&;PYt�%2006å 2007

åƙ2007å 2005å$���Č÷#Ŀ"��	3ƙjoi>P`j	1&==

>[F<mt�%��$ƀ�%Ŵ25"
��ƚ 

 

 

 

 

 

 

 

Table 2-2 The differences of slope for regression line in the relationship between amount 

of nitrogen accumulated and dry weight in leaf blades at each site and year 

Class Species 

Pteridophyte A. vidalii C-A 
D. crassirhizoma A-B 

Monocotyledon C. foliosissima n.s. 2005-2006, 2006-2007 and 2007-2005  
S. palmata n.s. 
T. affinis A-B n.s. 
M. dilatatum B-C 2005-2006 and 2007-2005 
D. smilacinum n.s. 
H. orientalis 

Dicotyledon A. dioicus A-B and C-A 2006-2007 and 2007-2005 
P. cuspidatum B-C and C-A 2006-2007 and 2007-2005 
O. gliffithii B-C and C-A n.s. 
C. nikomontana A-B n.s. 
A. princeps A-B 
P. asiatica A-B 

Site Year 

The differences of slope in regression line in each site or year were analyzed by 

regression analysis (P < 0.05). n.s.: not significantly different, - : not determined due to a 
single specimen in site or year. 
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Figure 2-4 Relationship between amount of dry matter and amount of nitrogen accumulated 

in leaf blades in 14 species at each site and year.  
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Figure 2-5 (a) Relationship between nitrogen and phosphorus or potassium concentrations in 

leaf blades in 14 species at each site and year. 
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Figure 2-5 (b) Relationship between nitrogen and phosphorus or potassium concentrations in 

leaf blades in 14 species at each site and year. 
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Pteridophyte 

Monocotyledon 

Dicotyledon 

N - P N - K Class Species 

site year site year site year site year 
A. vidalii A* n.s. A-B and C-A A* n.s. A-B-C 
D. crassirhizoma n.s. 2007** A-B n.s. 2007* A-B 
C. foliosissima n.s. 2006** and 2007** n.s. 2005 - 2007 n.s. n.s. n.s. 2005 - 2007 
S. palmata n.s. 2006** 2005 - 2006 n.s. 2006* 2005 - 2006 
T. affinis n.s. 2006** A-B 2005 - 2006 n.s. 2006** A-B 2005 - 2006 

D. smilacinum n.s. n.s. n.s. n.s. n.s. n.s. 
H. orientalis n.s. n.s. C* n.s. 

O. gliffithii A* 2005* A-B and C-A 2005 - 2006 n.s. 2005** A-B-C 2005 - 2006 

P. asiatica C* n.s. A-B and C-A A* and C** n.s. A-B-C 

C. nikomontana A** 2005** and 2006* A-B 2005 - 2006 n.s. 2005** A-B 2005 - 2006 
A. princeps A* 2007** A-B and C-A A* and B* 2007** A-B-C 

2005 - 2007 2005**, 2006**, 
and 2007** 

A-B-C 2005 - 2007 C* A. dioicus A** and B* 2005** and 2007** A-B and C-A 
C* 2005**, 2006*, 

and 2007** 
A-B-C 2005 - 2007 

correlation coefficient variance (P < 0.05) correlation coefficient 

2005**, 2006**, 
and 2007** 

P. cuspidatum n.s. 

variance (P < 0.05) 

C-A 2005 - 2007 

2005 - 2007 B-C 2005 - 2007 n.s. 2005**, 2006**, 
and 2007* 

M. dilatatum n.s. 2005** n.s. 

Table 2-3 Correlation and variance between nitrogen (N) and phosphorus (P) or potassium 

(K) concentrations in leaf blades in each site and year 

The relationship between N and P or K concentrations in leaf blades in each site and year 

were analyzed by linear regression analysis. Variance of the means for the there relationship 

in each site and year was analyzed by t-test (P < 0.05). A, B and C : site, 2005, 2006 and 

2007 : year, n.s.: not significantly different, - : not determined due to a single specimen in site 

or year, * P ≤ 0.05, ** P ≤ 0.01. 
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Table 3-1 Soil chemical properties in four positions at three sites 

Position 1, 2, 3 and 4 was inhabited by A. vidalii and C. foliosissima, A.dioicus and 

P.cuspidatum, A. princeps and P. asiatica and O. gliffithii, respectively. EC, electric 

conductivity; C, carbon; N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, 

magnesium; Na, sodium; Al, aluminum. Different letters indicate significant differences at P < 

0.05 according to Fisher’s least significant difference (LSD) test. The average value over 4 

positions at each site was compared among sites. The value of 4 positions at the same site was 

compared among sites.  

Site A� Site B� Site C�

pH (H2O) Position 1 4.71  a 5.01  a 4.58  b 
Position 2 4.86  a 4.85  a 5.28  a 
Position 3 4.41  b 4.73  a 5.13  a 
Position 4 4.54  b 4.69  b 5.71  a 
Average 4.63  c 4.81  b 5.20  a 

EC (µS cm-1) Position 1 9.39  a 2.95  b 3.37  ab 
Position 2 5.44  a 5.47  a 3.87  a 
Position 3 8.81  a 2.78  b 2.93  b 
Position 4 6.69  a 3.72  b 1.99  b 
Average 7.76  a 3.57  b 2.97  b 

Total C (g kg-1) Position 1 76.79  a 44.22  b 64.58  b 
Position 2 71.57  a 48.31  b 52.22  b 
Position 3 124.19  a 51.45  a 35.10  a 
Position 4 109.17  a 93.44  a 25.78  b 
Average 95.94  a 61.98  b 43.32  b 

Total N (g kg-1) Position 1 5.73  a 3.31  b 4.80  b 
Position 2 5.55  a 3.63  b 3.69  b 
Position 3 8.51  a 3.76  a 2.87  a 
Position 4 7.67  a 5.85  a 2.21  b 
Average 6.86  a 4.27  b 3.33  b 

Available P (mgP2O5 kg-1) Position 1 207.45  a 330.48  a 156.28  b 
Position 2 225.96  a 309.28  a 282.91  a 
Position 3 284.50  a 356.80  a 171.67  b 
Position 4 200.81  ab 173.40  b 254.50  a 
Average 226.34  ab 279.48  a 218.59  b 

Exchangeable K (cmolc kg-1) Position 1 0.16  a 0.13  a 0.18  a 
Position 2 0.13  a 0.11  a 0.16  a 
Position 3 0.29  a 0.14  a 0.12  a 
Position 4 0.28  a 0.18  b 0.12  b 
Average 0.22  a 0.14  b 0.14  b 

Exchangeable Ca (cmolc kg-1) Position 1 2.97  a 1.09  b 1.74  ab 
Position 2 4.06  a 0.90  b 2.79  a 
Position 3 3.48  a 0.84  b 0.71  b 
Position 4 3.29  a 1.43  b 1.91  b 
Average 3.44  a 1.10  b 1.79  b 

Exchangeable Mg (cmolc kg-1) Position 1 0.77  a 0.35  b 0.57  ab 
Position 2 0.97  a 0.27  b 0.84  a 
Position 3 1.22  a 0.28  b 0.25  b 
Position 4 1.08  a 0.67  ab 0.55  b 
Average 1.01  a 0.42  b 0.55  b 

Exchangeable Na (cmolc kg-1) Position 1 0.07  a 0.06  a 0.06  a 
Position 2 0.07  a 0.07  a 0.06  a 
Position 3 0.11  a 0.09  a 0.05  a 
Position 4 0.08  a 0.09  a 0.04  b 
Average 0.08  a 0.08  a 0.05  b 

Exchangeable Al (cmolc kg-1) Position 1 1.73  a 1.70  a 1.87  a 
Position 2 1.35  b 1.67  a 0.89  b 
Position 3 2.78  a 1.89  a 0.96  b 
Position 4 1.88  a 1.73  a 0.27  b 
Average 1.94  a 1.75  a 0.94  b 
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Figure 3-1 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) 

concentrations in leaves at three sites on Jul. 26, Sep. 4 and Oct. 17, in 2007 and Jul. 13, Aug. 

25, Sep. 22 and Oct. 31, in 2006. Vertical bars represent significant differences at P < 0.05 

according to Fisher’s least significant difference (LSD) test (n = 12 in 2007 and n = 16 in 

2006); n.s., no significant difference.  
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n.s. 

: Site A, : Site B, : Site C 

A. vidalii C. foliosissima P. cuspidatum A. dioicus P. asiatica A. princeps O. gliffithii 

Table 3-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentration in leaves at three sites 

Site A Site C Site B Site A Site C Site B Site A Site C Site B 

N concentration (mg g-1) P concentration (mg g-1) K concentration (mg g-1) 

Species 

A. vidalii 33.02   a 28.46   b 26.15   b 2.45   a 3.54   a 2.95   a 25.38   a 28.15   a 17.94   b 
C. foliosissima 28.41   a 27.57   a 30.90   a 2.42   a 2.22   a 2.61   a 33.22   a 32.68   a 34.03   a 
A. dioicus 31.17   a 27.56   b 31.82   a 2.24   b 2.29   b 3.07   a 14.81   a 13.23   a 15.66   a 
P. cuspidatum 44.13   a 41.44   ab 37.17   b 3.23   a 3.55   a 3.14   a 12.25   b 19.37   a 9.57   b 
A. princeps 52.35   a 36.84   b 37.85   b 5.06   a 4.35   a 4.32   a 40.66   a 31.40   b 17.27   c 
P. asiatica 40.10   a 30.02   b 37.18   a 3.59   a 3.49   a 3.81   a 18.30   b 18.56   b 29.22   a 
O. gliffithii 37.08   a 32.80   b 31.67   b 2.57   a 2.45   a 2.73   a 46.40   a 42.52   ab 41.17   b 

Different letters indicate significant differences at P < 0.05 according to Fisher’s least 

significant difference (LSD) test.  
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3. ōšęĂ�ľ£óğ ª´Ƃ�ĔÏƇîË¬	0&ĳĺĆĐ	0&îË¬	

0&ĳĺ«Đ $Ÿ� 

� d_;TkhX#	��Ƈ��$ōšęĂ�ľ£óğ ª´ęĂ�ľĔÏŷ

#óÛ"ă$īŸŸ�%Ŕ14"
��(Ő 3-3)ƈoíƇōšĵľ£óğ îË

¬ĆĐ	0&«Đ	0&ōš>jG<a£óğ ĳĺĆĐ	0&«Đŷ#óÛ

"ă$īŸŸ��Ŕ14�(Ő 3-4)ƈ=AV>lIC#	�3ĵľƇil	0&

>i<a£óğ#	��Ƈōš$�41�ľ£óğ ª´ĔÏŷ#óÛ"īŸ

Ÿ�%Ŕ14"
��ƈ�
�"�1Ƈ>jG<a	0&_BUG<a£óğ

#	��Ƈōš$�41£óğ ª´ĔÏ	0&ĳĺĆĐŷ#óÛ"īŸŸ�

�Ŕ14�ƈd_[?Gf<_#	��Ƈil7ź��$�ľ�ōš$£ó

ğ ª´ĔÏŷ#ă$īŸŸ��Ŕ14Ƈĵľ	0&_BUG<a£óğ#	

��%ōš$�41�ľ£óğ îË¬ĆĐ	0&«Đŷ#.ă$īŸŸ��

Ŕ14�ƈ;LQi$ĵľ	0&_BUG<a£óğ#	��Ƈōš$�41

�ľ£óğ ª´ĔÏŷ#óÛ"ă$īŸŸ��Ŕ14�ƈ+�Ƈōš>jG

<a	0&_BUG<a£óğ ĳĺĆĐ	0&«Đŷ#ƇōšĵľƇil	

0&>i<a£óğ îË¬ĆĐ	0&«Đŷ#óÛ"ă$īŸŸ��Ŕ14

�ƈgb@#	��%ōšĵľ£óğ#	��$,ª´ĵľĔÏ ă$īŸŸ

�����ƈōš>jG<a£óğ ĳĺĆĐŷ#Ƈ_BUG<a£óğ ĳ

ĺĆĐ	0&«Đŷ#Ƈĵľ£óğ îË¬«Đŷ#Ƈ>i<a£óğ îË

Different letters indicate significant differences at P < 0.05 according to Fisher’s least 

significant difference (LSD) test.  

Table 3-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in leaves at three sites 

Site A Site B Site C Site A Site B Site C 

Ca concentration (mg g-1) Mg concentration (mg g-1) 

Species 

A. vidalii 7.45   b 8.12   b 10.84   a 6.02   a 4.19   b 5.33   ab 
C. foliosissima 4.11   a 3.59   a 3.76   a 2.47   a 2.37   a 2.16   a 
A. dioicus 11.33   a 11.86   a 12.95   a 5.91   a 4.10   b 5.17   a 
P. cuspidatum 13.47   a 10.77   a 13.75   a 6.16   a 3.83   b 5.69   a 
A. princeps 13.01   a 12.21   a 12.53   a 3.60   a 3.09   a 3.07   a 
P. asiatica 23.08   a 23.90   a 20.55   a 6.19   a 5.45   b 4.15   c 
O. gliffithii 7.99   b 7.04   b 12.05   a 4.62   b 3.98   c 5.43   a 
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N Species P Ca Mg K 

A. vidalii 0.267  0.102  0.032  -0.299  0.116  
C. foliosissima 0.181  0.023  0.238  0.516** 0.441* 
A. dioicus 0.610** 0.048  0.426* 0.359* 0.619** 
P. cuspidatum 0.647** -0.183  0.221  0.208  0.544** 
A. princeps 0.505** 0.161  -0.118  -0.167  0.034  
P. asiatica 0.449* -0.005  -0.388* -0.019  0.321  
O. gliffithii 0.439** 0.072  0.396** -0.190  -0.009  

Table 3-3 Correlation coefficient (r) between mineral concentrations in 

leaves and soil mineral concentrations 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05, **P < 0.01 (n = 36 in 

2007 and n = 48 in 2006). 

Species N Mg Ca K P N Mg Ca K P 

Cumulative air temperature Daily mean air temperature 

A. vidalii -0.127  -0.349* -0.034  0.460** 0.282  0.373* 0.134  0.112  -0.696** -0.106  

C. foliosissima 0.061  0.071  -0.192  0.533** 0.473** -0.146  -0.320  0.213  -0.442** -0.364* 

A. dioicus -0.360* -0.468** -0.285  0.038  -0.228  0.372* 0.032  0.151  -0.095  0.349* 

P. cuspidatum -0.304  -0.557** -0.351* 0.719** 0.340* 0.513** 0.460** 0.434** -0.631** -0.152  

A. princeps -0.007  -0.395* -0.158  0.475** 0.477** 0.281  0.205  0.463** -0.257  -0.301  

P. asiatica 0.380* -0.470** -0.400* 0.253  0.370* -0.233  0.090  -0.089  -0.184  -0.044  

O. gliffithii -0.170  0.447** 0.161  0.201  0.244  0.303* -0.412** 0.085  -0.383** -0.328* 

Table 3-4 (a) Correlation coefficient (r) between mineral concentrations in leaves and 

cumulative air temperature for experimental periods and daily mean air temperature at 

sampling day 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n = 36 

in 2007 and n = 48 in 2006). Cumulative air temperatures were obtained by integrating the 

daily mean temperature.  
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ĸ 3Ļ� ŅÀ 

� ª´$Ġ�¼ĩĝÚ%Ƈ�«Ę��Ŭ���3.$$Ƈ^HGflŷ$Ë¬

��«ĘŷÉ7ř��3 ƇpH% A«ĘƔB«ĘƔC«Ę$ſ��2ƇECƇ�

ėľƇ�ĵľ	0&uæÚ±®ĔÏ% A«Ę#	��ƃ
��(Ő 3-1)ƈA«Ę

%w«Ę#ą(ĆĐ	0&«Đ�ƃƇ[Rø�Í�2ƇøÎþĜ.ŝ¿"�

-þĜW;=_I$ų	0&iLnų�·�ƈ+�ƇóĂĜų. AƇB	0& C

«Ę��4�4 31%Ƈ22%	0& 11% A «Ę�ñ.ŝ¿����ƈĄö�$

.$%ĕÈĖ��2¸È�7Ŧ��¸�"µ�%"�.$$ƇĆ�	0&×

ĢĜċÚ#02óĂĜ$�Ŗ% A «Ę#	��ñ.ƃ� Ņ�143ƈ�$0

�#ƇA «Ę%óĂĜƇ�ėľƇ�ĵľ	0&uæÚ±®£ų�ƃƇA «Ę

$ª´ĞÜ%w$«Ę02.ņĉ��3 Ņ�14�ƈB «Ę% C «Ę ąţ

��[Rø��Ê�ƇA«Ę)!�%"�.$$øÎþĜ.ŝ¿��3�ƇB«

Ę C«Ęŷ�ª´Ƃ�ĔÏ#óÛÉ%Ŕ14"
��ƈB«Ę% C«Ę02

.iLn$ų%·�.$$ƇāĲ� A«Ę %ħ"2ƇĆĐ	0&«Đ. A«

Ę02%|�� ��ŖŧÏ�Ū
��� "!�Ņ�14�ƈ+�Ƈ «Ę

Species N Mg Ca K P N Mg Ca K P 

Cumulative soil temperature Daily mean soil temperature 

A. vidalii -0.115  -0.558** -0.239  0.409* 0.306  0.571** 0.062  0.110  -0.740** 0.131  

C. foliosissima -0.048  -0.040  -0.300  0.389  0.276  -0.135  -0.258  0.238  -0.242  -0.177  

A. dioicus -0.324  -0.590** -0.327  -0.209  -0.155  0.423* -0.009  0.163  -0.142  0.476* 

P. cuspidatum -0.197  -0.593** -0.585** 0.768** 0.500* 0.507** 0.444* 0.378* -0.558** -0.036  

A. princeps 0.126  -0.214  -0.030  0.369  0.447* 0.454* 0.212  0.506** -0.205  -0.207  

P. asiatica 0.547** -0.353  -0.351  0.236  0.367  -0.134  -0.025  -0.196  -0.148  0.062  

O. gliffithii 

Table 3-4 (b) Correlation coefficient (r) between mineral concentrations in leaves and 

cumulative soil temperature for experimental periods and daily mean soil temperature on the 

sampling day 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n = 24 

(cumulative temperature) and 28 (daily mean temperature)). Cumulative soil temperatures 

were obtained by integrating the daily mean temperature. 
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.¸�"ÔŽ7r��.$%ª´�ľĔÏ��3 Ņ�143ƈþĜ}�$�

ľ$KnI�ª´ēĎs$�ľ��3$�ƇþĜ$ęĂ�ľ£óğ#ñ.ÔŽ

7	0*�$%ª´Ƃ�ĔÏ��3ƈ�
�ƇĆĐ	0&«Đ%ª´$ĨūƇ

üƂF;Aj7Ŧ��þĜ$ÝŴ	0&ōšęĂ�ľ£óğ#ĪåĩƇŷåĩ

#ÔŽ7r�3ƈ|�ý©ĐÏ%«pŮ	0&«qŮ$ÝŴ7ďÅ��ƇĮű

	0&>i<a$¤�7|q��3(Engels and Marschner 1992)ƈ+�Ƈ|�ý©

ĐÏ%w$üƂ¤�02.il¤�7|q��3(Marshner 2012)ƈ�1#ƇĆĐ

%��ÝċÚ$pï7Ð�Š��$�(Berry and Bjorkman 1980; Larcher 2003)Ƈ

Ŏê$pï#02�ũ�43Ƃć�$¤�$³�.�3 Ņ�143ƈ+�Ƈ

Āƃ$pï#02ĆĐ	0&«Đ%|q�3$�Ƈ�4.ª´�ľĔÏ7Ŧ�
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� d_;TkhX%GMþĜŵ#Ç�ƇĵľƇilƇ>i<aƇ>jG<a	

0&_BUG<a£óğ�ƌ«Ęŷ�óÛ#ħ"�����ƅŐ 3-2ƆƇ��4

$�ľ£óğ.ª´$ �ľĔÏ óÛ"īŸŸ�7į�"
��ƅŐ 3-3Ɔƈ

���ƇĀƃ#�63�$§¹��3ĆĐƇ«Đ	0&Āƃ ōšęĂ�ľ£

óğ $Ÿ�7Ŝû��ƈōšĵľ£óğ%îË¬ĆĐ	0&«Đ Ƈōš>

jG<a£óğ%ĳĺĆĐ $ŷ#óÛ"ăīŸ�ś-14�(Ő 3-4)ƈõĬĴ
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0�"ÝŇġ²$œ§#ÔŽ7��3 Ņ�14�ƈ 

� =AV>lIC%ő¹þĜŃ$�¹ōþĜ#Ç�ƇƎ�ľ£óğ%«Ęŷ�
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�"�1Ƈ>jG<a	0&_BUG<a£óğ$,%ª´$
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�µ��3�¢�Ŕ14�(¨ 3-1)ƈ5 Ĳ�%�Ŧ��ĵľ£óğ�«Ęŷ�ó
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� ĆĐ	0&«Đ#	��Ƈōš$ęĂ�ľ£óğ �4�4ĳĺĐÏ	0&

îË¬ĐÏŷ$Ÿ�7Ŝû��ƈĳĺ	0&îË¬ĐÏ$ÔŽ%ęĂ�ľ$Ĳ

ƀ#�º�ħ"���3 Ņ�143ƈĮű¤�%îs#pï�3 âè�4

��3$�(Clement et al. 1978; Le Bot and Kirkby 1992)Ƈōšĵľ£óğ%îË¬

ĆĐ#ÙĹ��pï�3 Ņ�143ƈ+�Ƈ>jG<a%}��ŢČ�#

��ľ��3$�(Shear 1975; Jeschke and Pate 1991)Ƈƃ�ĳĺĆĐ#02>jG

<a¤���ũ�4ƇĿĳĩ#ō#Żĳ�3
.�4"�ƈõĬĴ#	��Ƈ

ōšĵľƇil	0&>i<a£óğ ă$īŸŸ�#���ĆĐ	0&«Đ

%îË¬���2Ƈōš>jG<a	0&_BUG<a£óğ�%ĳĺ� ă

$īŸŸ��ś-14�ƈ�41$� 
1ƇĵľƇil	0&>i<aŻĳ

# ��%îË¬ĐÏ�Ƈ>jG<a	0&_BUG<a£óğ# ��%ĳ

ĺĐÏ�Ųœ��3 Ņ�143ƈ 

� ª´�ľĔÏƇĆĐƇ«Đ	0&Āƃ$��4 .ŸŨÚ7,��3� �

��"
���ľ ��Ƈd_;TkhX$ilƇ>i<a	0&_BUG<

a£óğƇd_[?Gf<_	0&gb@$il£óğƇ==WD$il	0

&>jG<a£óğ����ƈ�41�ľ£óğ$éůœ§ ��Ƈª´$Ĝ

ĠÚƇîÂųƇƁŧ"!�ã�143�ƇÝŇġ²§¹ %�#þĜ$ó�3

�ľ¤�$ŊÕÚ.��3� ���3
.�4"�ƈ 

� v¦Ŝû���ľ$��Ƈil£óğ%)*�(�$§¹ $ăīŸ�7Ŕ

��3� ���"
��ƈv¦đ¾��ª´$�ŁÜilűĔÏ%Ƈ156.08 ± 

70.39 ~ 356.80 ± 235.70 mg P2O5 kg-1��2ƅŐ 3-1ƆƇōš$il£óğ%Ƈ2.22 ± 

0.75 ~ 5.06 ± 0.58 mg P g-1����ƅŐ 3-2Ɔƈ¸È#¯ĳ���3Ƅ]Aª´7

Ąö ���3ěŌĥ#	�3�ŁÜilűĔÏ%Ľ 120 ± 35 ~ 325 ± 288 mg 

P2O5 kg-1��2(MAFF 2008)Ƈv¦$�%Ë¬ĩ�3�%ƃ��7į��ƈ«Ę

ŷ�%Ƈsŉ��3B«Ę�ÿķ#ª´�ŁÜilĔÏ�ƃ
��(332.19 ± 0.19 

mg P2O5 kg-1)ƈ+�'. 	0&žpxŤ#��3�4�4 A	0& C«Ę�

. 238.01 ± 0.11 mg P2O5 kg-1	0& 203.62 ± 0.14 mg P2O5 kg-1��2Ƈąţĩŝ


"ĔÏ����ƈþĜĖs#£+43il£óğ% 0.1 ~ 10 mg g-1 ��2
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(Lambers et al. 1998)ƇþĜ$ilœĈų% 1.5 ~ 3 mg g-1��3(Larcher 2003)ƈ�

$� 
1.v¦Ŝû��ª´ilűĔÏ%ÝŴ$�Ź§¹ "���"��

 �Ņ�14�ƈ�$0�#�Ĳ$ilœĈų7p¦3ª´ilĔÏ����

� #02Ƈª´ilĔÏ ōšil£óğ$ŷ#%ŸŨÚ�"
�� Ņ�

143ƈĳĺĆĐ	0&«Đ $Ÿ��%) 8!$þĜ�ōšil£óğ 

$ŷ#ş$īŸŸ��Ŕ14�(Ő 3-4)ƈ=nIPi9Ƈ9j\I#	��ƇŌ

õþĜ$«pŮ#	�3il£óğ%Ƈ|�Āƃ(600m)� 2.13 ± 0.52 mg g-1Ƈƃ

�Āƃ(2850 – 3200m)�% 3.18 ± 1.11 mg g-1��2ƇĀƃ$pï  .#ƃ"
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1. zĹêā�+#ĺæ� 
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4. êā�+#�¥!��â 
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8d6\ś8eB6\�+#Z<PB6!ù°"ě 2 Ě śrÓËMKd6\

�+#3e[N6\!ù°"ě 3Ě ú��ı��Ŝ 

 

5. ģķ�ą 

� ģķĶâ1SPSS statistical program version 19.0 (IBM, SPSS Inc., Tokyo, Japan)1

ĉ��ı��ŜêāĮľ �.þî�Ġ�ÞĄ�+#�¥�ĂË ���ś
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}Ö1ĉ�Ķâ1ı��Ŝ 
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Table 4-1 Soil chemical properties in three positions at three sites 

Site A� Site B� Site C�

pH (H2O) Position 1 4.71   b 5.01   a 
Position 2 5.01   a 4.58   b 
Position 3 4.72   a 4.69   a 
Average 4.71   a 4.83   a 4.58   a  

EC (µS cm-1) Position 1 9.39   a 2.95   b ��
Position 2 2.95   a 3.37   a 
Position 3 5.28   a 3.72   b 
Average 6.43   a 3.39   b 3.37   b 

Total C (g kg-1) Position 1 76.79    a 44.22   b 
Position 2 44.22   a 64.58   a 
Position 3 88.47    a 93.44   a 
Average 85.21    a 72.34   a 64.58   a 

Total N (g kg-1) Position 1 5.73        a 3.31   b 
Position 2 3.31   a 4.80   a 
Position 3 6.11   a 5.85   a 
Average 6.01   a 4.76   a 4.80   a 

Available P (mgP2O5 kg-1) Position 1 207.45   a 330.48   a 
Position 2 330.48   a 156.28   b 
Position 3 168.23   a 173.39   a 
Average 179.18   b 240.72   a 156.28   b 

Exchangeable K (cmolc kg-1) Position 1 0.16   a 0.13   a 
Position 2 0.13   a 0.18   a 
Position 3 0.23   a 0.18   a 
Average 0.21   a 0.16   b 0.18   ab 

Exchangeable Ca (cmolc kg-1) Position 1 2.97   a 1.09   b 
Position 2 1.09   a 1.74   a 
Position 3 2.40   a 1.43   a 
Average 2.56   a 1.29   b 1.74   ab 

Exchangeable Mg (cmolc kg-1) Position 1 0.77   a 0.35   b 
Position 2 0.35   a 0.57   a 
Position 3 0.79   a 0.67   a 
Average 0.78   a 0.54   a 0.57   a 

Exchangeable Na (cmolc kg-1) Position 1 0.07   a 0.06   a 
Position 2 0.06   a 0.06   a 
Position 3 0.08    a 0.09   a 
Average 0.08    a 0.08   a 0.06   a 

Exchangeable Al (cmolc kg-1) Position 1 1.73    b 1.70   a 
Position 2 1.70   a 1.87   a 
Position 3 1.77    a 1.73   a 
Average 1.76    a 1.72   a 1.87   a 

Position 1, 2 and 3 was inhabited by D. crassirhizoma and D. smilacinum, M. dilatatum and H. 

orientalis and S. palmate, T. affinis and C. nikomontana, respectively. Different letters indicate 

significant differences at P < 0.05 according to Fisher’s least significant difference (LSD) test. 

The average value over 3 positions at each site was compared among sites. The value of 3 

positions at the same site was compared among sites. EC, electric conductivity; C, carbon; N, 

nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium; Na, sodium; 

Al,aluminum. 
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: Site A, : Site B, : Site C 

D. crassirhizoma S. palmata M. dilatatum T. affinis H. orientalis D. smilacinum C. nikomontana 
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Figure 4-1 Nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) 

concentrations in leaves at three sites on Jul. 26, Sep. 4 and Oct. 17, in 2007 and Jul. 13, Aug. 

25, Sep. 22 and Oct. 31, in 2006. Vertical bars represent significant differences at P < 0.05 

according to Fisher’s least significant difference (LSD) test (n = 12 in 2007 and n = 16 in 

2006); n.s., no significant difference.  
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3. Įľþî�Ġ�ÞĄ��¥ř�ûÃśÙÁ��+#ėĜóø�+#ÙÁ��

+#ėĜ�ø�!Ŏ} 

� 7BG!ęĠśdg�+#8d6\�ÞĄ ���śĮľ!�/,�Ġ�Þ

Ą��¥ûÃō ÞÌ�ďŎŎ}"ĵ,/�	��
ś8eB6\�+#Z<

PB6\�ÞĄ ���"ÞÌ�ð!ďŎŎ}
ĵ,/�(Ĳ 4-3)ŜęĠ�ÞĄ

�ėĜóø�+#ÙÁ��øś8d6\�ÞĄ�ÙÁ�óøś8eB6\�Þ

Ą�ėĜóøśZ<PB6\�ÞĄ�ėĜóø�+#�ø�ÞÌ�ð!ďŎŎ

}
ĵ,/�(Ĳ 4-4)ŜHZ9A@ ���śĮľ8d6\�ÞĄ��¥8d6

\ûÃśĮľ8eB6\�+#Z<PB6\�ÞĄ�ėĜóøō ÞÌ�ð!

ďŎŎ}
ĵ,/�Ŝ_ZCQXKK:D ���ś��!Įľþî�Ġ�Þ

Site A Site C Site B Site A Site C Site B Site A Site C Site B 

N concentration (mg g-1) P concentration (mg g-1) K concentration (mg g-1) 

Species 

D. crassirhizoma 38.26  a 23.94  b 3.50  a 2.12  b 17.91  a 15.30  a 
S. palmata 22.67  3.14  23.10  
T. affinis 26.51  a 22.68  b 1.49  a 1.56  a 29.54  a 19.85  b 
M. dilatatum 32.51  a 30.76  a 3.22  a 4.23  a 22.24  a 12.25  b 
D. smilacinum 26.96  a 27.90  a 2.02  a 1.77  a 17.28  a 18.13  a 
H. orientalis 17.82  1.32  13.70  
C. nikomontana 29.25  a 24.42  b 2.18  a 1.82  a 24.47  a 24.96  a 

Table 4-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentration in leaves at three sites 

Different letters indicate significant differences at P < 0.05 according to Fisher’s least 

significant difference (LSD) test.  

Site A Site B Site C Site A Site B Site C 

Ca concentration (mg g-1) Mg concentration (mg g-1) 

Species 

D. crassirhizoma 7.61  ± 1.27 a 6.53  ± 0.96 b 6.37  ± 0.71 a 3.94  ± 0.74 b 
S. palmata 1.97  ± 0.48  1.57  ± 0.90  
T. affinis 17.45  ± 5.34 a 16.85  ± 4.26 a 8.64  ± 1.98 a 10.00  ± 3.16 a 
M. dilatatum 8.88  ± 2.56 a 11.45  ± 4.97 a 4.16  ± 1.05 a 3.60  ± 0.68 a 
D. smilacinum 14.32  ± 3.94 a 12.48  ± 2.78 a 7.86  ± 1.14 a 7.54  ± 1.65 a 
H. orientalis 9.26  ± 5.95  3.42  ± 1.41  
C. nikomontana 15.77  ± 3.34 a 15.81  ± 3.04 a 5.72  ± 1.11 a 6.36  ± 1.52 a 

Table 4-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in leaves at three sites 

Different letters indicate significant differences at P < 0.05 according to Fisher’s least 

significant difference (LSD) test.  
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N Species P Ca Mg K 

D. crassirhizoma -0.220  -0.436* 0.055  0.672** 0.463* 
S. palmata -0.293  0.390  0.589* -0.342  -0.471  
T. affinis -0.121  0.172  -0.247  0.156  -0.042  
M. dilatatum 0.248  -0.271  -0.103  -0.546** -0.313  
D. smilacinum 0.149  -0.136  0.138  0.430* -0.150  
H. orientalis -0.712** -0.574* -0.637* 0.493  0.106  
C. nikomontana -0.103  0.077  -0.397  0.590** 0.399* 

Table 4-3 Correlation coefficient (r) between mineral concentrations in 

leaves and soil mineral concentrations 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05, **P < 0.01 (n = 36 in 

2007 and n = 48 in 2006). 
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Species N Mg Ca K P N Mg Ca K P 

Cumulative air temperature Daily mean air temperature 

D. crassirhizoma 0.554** 0.055  -0.933** 0.872** 0.527** -0.468* -0.209  0.927** -0.653** -0.342  
S. palmata 0.078  -0.029  -0.188  0.500*� 0.486* 0.234  0.098  0.172  -0.237  -0.175  
T. affinis -0.493** -0.355* -0.242  0.640** 0.563** 0.542** 0.446* 0.391* -0.515** -0.635** 
M. dilatatum -0.708** 0.233  -0.366  0.711** 0.749** 0.787** -0.238  0.649** -0.626** -0.442* 
D. smilacinum -0.113  -0.220  -0.370  0.589** 0.210  0.280  0.220  0.389  -0.301  -0.321  
H. orientalis -0.712** -0.574* -0.637* 0.493  0.106  0.859** 0.229  0.514  -0.019  0.397  
C. nikomontana -0.103  0.077  -0.397  0.590** 0.399* 0.276  0.051  0.501** -0.551** -0.552** 

Species N Mg Ca K P N Mg Ca K P 

Cumulative soil temperature Daily mean soil temperature 

D. crassirhizoma 0.108  -0.483  -0.278  0.502  0.855** 0.613** 0.462  0.313  -0.040  0.215  
S. palmata 
T. affinis 
M. dilatatum -0.789** 0.433  -0.776  0.909** 0.597* 0.755** -0.025  0.463  -0.501* -0.359  
D. smilacinum 0.170  -0.301  -0.786** 0.713** 0.228  0.226  0.284  0.454  -0.216  -0.357  
H. orientalis -0.726** -0.562* -0.636* 0.474  0.082  0.851** 0.152  0.468  0.075  0.479  
C. nikomontana 

Table 4-4 (a) Correlation coefficient (r) between mineral concentrations in leaves and 

cumulative air temperature for experimental periods and daily mean air temperature at 

sampling day 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n = 36 

in 2007 and n = 48 in 2006). Cumulative air temperatures were obtained by integrating the 

daily mean temperature.  

Table 4-4 (b) Correlation coefficient (r) between mineral concentrations in leaves and 

cumulative soil temperature for experimental periods and daily mean soil temperature on the 

sampling day 

N, nitrogen; P, phosphorus; K, potassium; Ca, calcium; Mg, magnesium. Correlations were 

investigated using Pearson’s correlation coefficient tests at *P < 0.05 and **P < 0.01 (n = 24 

(cumulative temperature) and 28 (daily mean temperature)). Cumulative soil temperatures 

were obtained by integrating the daily mean temperature. 
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#	1*�ïǟ%Ţ"����Ǫ�52 3 ų$ƛƺ$�ƃǚŴ#	�4ýǒþ

š%ǩ?CX@qKF�%ǩ@nI=e	1&cDWI=e¶ĚŘ�Ï%¿Í

�ƃŎè#Ý�4�Õú%Þ�ǩķŇǩÂŇ	1&ĮǦ"!$ýƏśÊ#/

�Õ�"�Ɠòú$ì�Œİ�ƃ·®8Ơ�N<`����Ǫtďǩic_A

Ik=c	1&<NTm%ǩ¿ÍŶƃŎè#Ý�4�Õú�Ò���ǩ�52

�Ï$¿Í�ƃŎè	1&ķŇǩÂŇ	1&ĮǦ"!$ýƏśÊ#/ïǟ�5ǩ

Ɠòú$ë�Œİ�ƃ·®8Ơ�N<`����ǪĝŬŵ�%ÒàƓŜĩŕ#

	���$1�"ýǒþš$Ǉ��Ŝ�4«¼8ē2
#�4� 8ťŤ �

�Ǫ 

� Ź 3 ŷ�$ƱĤ#	��ǩĩŕH<L#Ǖ72�ǩÒà�Å#ƓŜ�4 7 ų

$ýǒþš8ƛƺ$Œİ�ƃǚŴ ��Ʀő
2$,ƱĤ��Ǫƛ$Œİ�ƃ

ǚŴ%Ƙ0Ħ$1�"�$ºØ'$ƻĿ�4�%�$ºØ
2$ƻĿ#1��

Î©�4Ǫ�$�.�52$ýǒþš8�ĩŕ�#	�4Œİ�ƃǚŴ ��

Ʀő
2ƱĤ�4� �ǎƤ��4 ƍ�254Ǫ���+�%Ź 1 ż#	�

�ǩ�ĩŕ�#	�4śÊÎ©#��4Œİ�ƃǚŴ$ùźú8ƛƺ#	�4

Ɔġ ĶƼǩĪƫ��Ǫ 

� �2#ǩýǒ#ïǟ8	1*�śÊƤ¼$z�/¿Íǣ��Ę/ïǟ8	1

*� ƍ�25ǩŖ#ÆÂŶƃŎè#14ïǟ�Ò��� �ƍ�25�Ǫ�



 

 � Ǳǭ � 


�ƓŜĩŕǩŖ#àÂ#ƓŜ�4ĩŕ$ÆÂǣ�Ŏè#Ý�4ĩŕĥǣÖŤ

Ŭŵ%Ơ75��"
��Ǫ���Ź 2ż#	��ǩ3ų$�ŕŜŝİĬ8ē2


#�4�.ǩÆÂǣ�ŎèÎ©#Ũť�ǩÆÂŶƃǩmq	1&@m=eĥ

ǣ8ãç�Ŏè#ƪÙ��ĸƎħÆ8Ơ��Ǫ  

 

Ź 1 ż� ÒàƓŜĩŕ?CX@qKFǩic_AIk=c	1&<

NTm$�ĩŕ�#	�4Ŷƃǩmqǩ@m=eǩ@nI=e	1

&cDWI=eǚŴŖú 

 

1. Ğč ďĻ 
1) ƱĤÂǩ�Ƭĩŕ	1&ĩŕĄ¯ 

� ƱĤÂ%Ź 2ŷ ´� 3Âő ��Ǫ2004å$ 7ę 27đǩ9ę 3đ	1& 10

ę 12đ# AǩB	1& C$ 3Âő#	��?CX@qKFǩic_AIk=c

	1&<NTm8Ą¯��ǪKGQ`�ÂvǊł�Ɓ 15cm8ă3ǩĦǊ  /

#ÂuǊ8Ą¯��Ǫic_AIk=c	1&<NTm#	��ǩĩŕ�8ƛ

ƺǩƛĢ8¶-Ƙ	1&Ħ#Ƨ���Ǫtďǩ?CX@qKF#	��%Ƙ	

1&ƛǞ¤³�Þ�ǩ�52$Ǌ�8��4� ���"
���.ǩÂu

Ǌ ÂvǊ#Ƨ���Ǫ�5�5$Ƭč8 70�� 72ĖǔǀǢ�Ŕ��ǩ�ŕǎ

8ňÙ��óǩŽŭ�Œİ�ƃ�ĠŞƬč ��Ǫ 

 

2) ĩŕ�$©Ö�Ġ 

� ĩŕ#	�4Ŷƃǩmqǩ@m=eǩ@nI=e	1&cDWI=e$ňÙ

%Ź 2ŷ#Ŋ��Ơ��Ǫ 

 

3) ƈƨ�Ś 

� ƈƨƧĠ8Ź 3ŷ#Ŋ��Ơ��Ǫ 

 

 



 

 � ǱǮ � 

2. Ɔġ 

1) ÂuǊ/ÂvǊĶ 

� ?CX@qKFǩic_AIk=c	1&<NTm$ 3 ų��#	��ǩÂ

uǊ/ÂvǊĶ# 3 Âőǔ�Ěûá%ƥ25�ǩÂő#14îüŤ"Î©%ƥ2

5"
��(Ƣ 5-1-1)Ǫ 

 

2) �ĩŕ�#	�4Ŷƃǩmqǩ@m=eǩ@nI=e	1&cDWI=e¶

ĚŘ 

� ?CX@qKF$Ŷƃǩmq	1&@m=e¶ĚŘ#	��ǩĦ$Ŷƃ¶Ě

Ř8ǘ�ǩ�ĩŕ�8ǀ��Âőǔ�Ěû"Î©%ƥ25"
��(Ƣ 5-1-2)Ǫ

tďǩ@nI=e	1&cDWI=e¶ĚŘ%ÂuǊǩĦ	1&�ĩŕ�$�

�#	��ĮǦ$uĒ  /#uĒ��Ǫic_AIk=c#	��ǩŶƃ¶

ĚŘ%�ĩŕ�#	��ǩ@m=e¶ĚŘ%ƛƺ	1&Ƙ#	��ǩ@nI=

e¶ĚŘ%ƘǩĦ	1&�ĩŕ�#	��ǩcDWI=e¶ĚŘ%ƛƺ#	�

�Âőǔ�Ěû#Ţ"����Ǫmq¶ĚŘ#	��%Âőǔ�Ěû"Î©%

ƥ25"
��Ǫ<NTm#	��ǩŶƃ	1&mq¶ĚŘ$Ƙ8ǘ�ºØ

	1&ĩŕ�#	�4�Œİ�ƃ¶ĚŘ%Âőǔ�Ěû#Ţ"����Ǫ+�ǩ

�ĩŕ�#	��Œİ�ƃ¶ĚŘ% AÂő�Ǧ��µ�ƥ25�Ǫ 

 

Different letters indicate significant differences at P < 0.05 

according to the least significant difference (LSD) test. 

Table 5-1-1 Shoot/root ratio in C. foliosissima, A. dioicus and 

P. cuspidatum 

Site A Site C Site B Species 

C. foliosissima 1.98   a 1.25   a 1.87   a 
A. dioicus 1.36   a 1.25   a 1.48   a 
P. cuspidatum 1.11   a 1.67   a 1.29   a 
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 � Ǳǰ � 

Ź 2 ż� ÒàƓŜĩŕ?CX@qKFǩic_AIk=c	1&<

NTm$ýǒ	1&Ŷƃ�Ƴ#	1*�Ŷƃǩmq	1&@m=e

ĥǣ$ïǟ 
 

� ¢ư�%?CX@qKFǩic_AIk=c	1&<NTm#	��ǩ�ĩ

ŕ�#	�4śÊÎ©#��4Œİ�ƃǚŴ$ùźú8ƱĤ��Ǫĝư�%�

52 3 ų$ýǒþš$Ǉ�8Ʈ�ƱĤ�4�.ǩÆÂǣ� ��Ŷƃǩmq

	1&@m=e8ãçÎ©���ĸƎħÆ8Ơ�ǩýǒ$ùź ýǒǏ8ư

ē�4�ŕŜŝİĬ8ƱĤ��Ǫýǒ$ĂĮ ��ǩŧÝýǒǁèǩCpp^

;nŎèǩĶƛŴ	1&ÂuǊ/ÂvǊĶ8ƱĤ��Ǫ+��ŕŜŝİĬ ��

Ŷƃ�Ƴ#Ũť�ǩŶƃ©³ŕ$�ǋǩ:dXǍŎè	1& RubiscoǚŴ¤³8

ƱĤ��Ǫ  

 

1. Ğč ďĻ 
1) ħÆďĻ 

� ?CX@qKFǩic_AIk=c	1&<NTm8 2008å 6ę 6đ ~ 8ę

19đǩ2009å 5ę 20đ ~ 7ę 14đ	1& 2009å 7ę 30đ ~ 10ę 7đ#�

5�5DmsqY=Kğ�v�ĸƎħÆ��Ǫ?CX@qKF$æĩŕ�8Ò

à$ĮǦ 850m�Ą¯�ǩic_AIk=c(Yamashichi Co. Ltd., Nagano, Japan)

	1&<NTm(Klein Garten Inc., Tottori, Japan)$æĩŕ�8�5�5Ƹ���Ǫ

�ŚǓÓ+�#ǩ3ų$æĩŕ�8 1/2ĮŊÆǣŁ8¶-`lKPQCbQS(�

Ŵ 3.8LǩŦñ 16cm)��5�5 17đǩ10đǔ	1& 11đǔħÆ��óǩĮŊ

ÆǣŁ� 18 đǩ11 đ	1& 12 đǔħÆ��ǪĮŊÆǣŁƅý% 3.3mM N 

(NH4NO3), 0.3mM P (NaH2PO4 · 2H2O), 1mM K (K2SO4), 0.75mM Ca (CaCl2 · 2H2O), 

1mM Mg (MgSO4 · 7H2O), 0.036mM Fe (FeEDTA), 0.019mM B (H3BO3), 9.1µM Mn 

(MnSO4 · 5H2O), 1.5µM Zn (ZnSO4 · 7H2O), 0.16µM Cu (CuSO4 · 5H2O) and 0.52µM 

Mo ((NH4)5Mo7O24 · 4H2O) ��ǪƬǥěǔz$ķŇ	1&ŉè8ÞÄŇèňÙ

º(Thermo Recorder RTR-53ǩT Ǩ�D Co. Ltd, Nagano, Japan)�ňÙ��ǪħÆě



 

 � ǱǱ � 

ǔz$äÃķŇ(ĕ/Ñ)% 2008å#	��% 0.6°C / 25.4°C��3ǩ2009å#	

��% 30.4°C / 23.9°C ~ 30.2°C / 23.2°C����ǪŧÝŉè(ĕ/Ñ)% 2008å#	

��% 62.1% / 80.2%��3ǩ2009å#	��% 60.6% / 82.2% ~ 64.0% / 86.6%�

���Ǫ 

 

2) Ŷƃǩmq	1&@m=e�Ś 

� �Ś ��ǩ¢ħÆó/�$++ĮŊÆǣŁ�ħÆ��ª8 1N ªǩ1P ª	

1& 1Kª �ǩŶƃǩmq	1&@m=eĥǣ$��5
$,8 1/4 (N (0.8mM), 

P (0.08mM)�4�%K (0.25mM))#��1/4Nǩ1/4P	1&1/4Kªǩ1/2 (N (1.6mM), 

P (0.15mM)�4�%K (0.5mM))#�� 1/2Nǩ1/2P	1& 1/2Kªǩ2� (N (6.6mM), 

P (0.6mM)�4�% K (2mM))#�� 2Nǩ 2P	1& 2Kª ��ǪŶƃǩmq	

1&@m=e�Ï$�ƃ%uƩ$ĮŊÆǣŁ ´�Ŏè ��ǪÆǣŁz$ pH

% 5.5#ƱČ�ǩ1ǃǔ# 1èÆǣŁ8�Ć��Ǫ 

 

3) ĩŕĄ¯ 

� ǣ��ŚǓÓóǩ?CX@qKF�% 47 đťǩic_AIk=c�% 41 đ

ťǩ<NTm�% 48đť#ĩŕ�8Ą¯��ǪĄ¯ě%!$ų#	��/ĥǣ

ýǒóě����Ǫĩŕ�8?CX@qKF�%ƛƺǩƛǞ8¶-Ƙ	1&Ħǩ

ic_AIk=c	1&<NTm�%ƛƺǩƛĢ8¶-Ƙ	1&Ħ#Ƨ���Ǫ

ĩŕ�$²Ǌ�8�Ɔ�Ŕ��ǩ�ŕǎ8ňÙ��óǩŽŭ�©Ö�ĠŞ$Ƭ

č ��ǪĄ¯đ#ƛǝŴƨ(LI-3000, LI-COR, Lincoln, Nebraska, USA)8Ş��

ƛǝŴ8ňÙ�ǩĶƛŴ8ƛƺ$��ŕǎ(g)��3$�ƛǝŴ(cm-2) ��Ż�

��ǪŧÝýǒǁè8 Kingsbury et al.$é(1984)#13Ż���Ǫ 

 

4) ĩŕ�$©Ö�Ġ 

� Cpp^;nŎè$ňÙ$�.ǩĎǧƛƁ 500mg 8žű�ǩ~ǐ ~Ĩ8Ş

� 95%(v v-1)>NXsn 1mL �ćŭrĀ���ǪĀ�Ł8ŏǆ��ó>NXs

n� 50mL#ÙÚ��ǪŋŁ#	�4 649nm	1& 665nm$·�è8���è



 

 � Ǳǲ � 

ƨ (U-1800, HITACHI, Tokyo, Japan)�ňÙ�ǩCpp^;n (a+b)¶ĚŘ8

Wintermans and Mots#14é(1965)#13Ż���Ǫ 

� �Ŷƃ¶ĚŘ%MddCpEnOsnĻ�ňÙ��(�ƧǊǵKjeldahl digestion 

system, K-437, NIHON BUCHI K.K., Tokyo, JapanǩƝŠǊǵ Kjeldahl distillation unit, 

K-355, NIHON BUCHI K.K.)Ǫmqǩ@m=eǩ@nI=e	1&cDWI=e

%Ź 2ŷ$ďĻ#Ŋ��Ơ��Ǫ 

� ƛƺ#	�4Ŷƃ©³ŕ8��ÔŶƃ©³ŕüŶƃ(LM-N)ǩ±ŋúNq[C

ƷüŶƃ(SP-N)ǩƒƆ³ÄNq[CƷüŶƃ(MB-N)	1&ƄƐÌƆ³ÄNq[

CƷüŶƃ(CW-N)$ 4 �#�ş��ǪLM-N #%:qgV:ǩŮǍǩ:dXǍ

	1&:c<T"!$��ÔǏ$Ŷƃ©³ŕ�¶+54ǪSP-N#%ǌƃNq[

CƷ	1&ƶƟNq[CƷ�¶+54ǪMB-N 	1& CW-N %{#ĬǂNq[

CƷ��4Ǫ�ĠďĻ% Osaki et al.(1991)	1& Shinano et al.(1991)#Ŋ��Ơ�

�ǪLM-N$Ā�$�.ǩ�Ɔ�ŔƬčƁ 200mg8 4�#�~ǐ ~Ĩ8Ş��

ŪƗū 50mg  /# 80%(v v-1)>NXsn 20ml�ćŭ�ǩ4��tėĊƌóǩ4�

� 20 �ǈø�Ǜ(1,500g)�ǩuō,8õ�ǪmqǍƋơŁ±ŋúŶƃ©³ŕ

(PB-N)$Ā�$�.ǩ�Ɔ�ŔƬčƁ 200mg 8 4��~ǐ ~Ĩ8Ş��ǩŪ

Ɨū 50mg   /# 100mM mqǍUSm=eƋơŁ(pH7.5)z�ćŭ�ǩ4��

tėĊƌóǩ4�� 30�ǈø�Ǜ(20,000g)�ǩuō,8»®��ǪPB-Nş�%

LM-N SP-N$³ƨ��4ǪCW-N$Ā�$�.ǩmqǍƋơŁĀ�ó$Ĺĵ

8 100�� 1Ėǔ 3%(v v-1)SDSŋŁ�Ā��ǩ4�� 15�ǔǈø�Ǜ(1,500g)�

�óǩuō,8ǘ¬�ǩĳņ8õ�Ǫ80%(v v-1)>NXsn	1&mqǍƋơŁ

Ā�Ł	1& SDSĳņz#¶+54Ŷƃ%uƩ�Ŷƃ¶ĚŘ$ďĻ#Ŋ��Ơ

��ǪSP-N$Ŷƃ¶Ǐ% PB-N
2 LM-N$ŶƃǏ8á�ê��Ż���Ǫ 

� SDS-PAGE ǜķļ¨$�.ǩƛƺ�Ɔ�ŔƬčƁ 250mg 8 4��~ǐ ~Ĩ

8Ş��ǩŪƗū 50mgǩbm\Vn]pmTq 50mg  /# 100mMTris-HCl

ƋơŁ(pH7.5)5mL �ćŭ�ǩ4�� 20 �ǔǈø�Ǜ(12,000g)��óǩuō,8

õ�Ǫuō,Ł8 Laemmli$ďĻ(1970)�ƱČ��óǩSDS-PAGE#Ş��Ǫļ

¨óǩFn8Ǒģƕ(Oakley et al. 1980)��Ǫ±ŋúNq[CƷz#¶+54



 

 � Ǳǳ � 

RubiscoǚŴ¤³8Ż��4�.ǩimage J version 1.47(National Institutes of Health, 

USA)8Ş��<fsJƧĠ8Ơ��ǪRubisco ǚŴ¤³(%)%Ī��5�±ŋú

Nq[CƷ$�]sCǝŴ#Ý�4 Rubisco ÒH_jVQS	1&ÞH_jV

QS$]sCǝŴ$¤³ ��Ƣ��Ǫ 

� ƛƺ#	�4��Ô©³ŕüŶƃ8ǅǛ:dXǍüŶƃǩŮǍüŶƃ(NO3-N)ǩ

:qgV=eüŶƃ(NH3-N)	1&�$�$Ŷƃ(others-N)$4�#�2#�ş�

�Ǫ:dXǍ	1& NH3�Ġ$�.ǩƛƺ�Ɔ�ŔƬčƁ 100mg# 5ml$ƝŠ

ĸ8¦�ǩ100�� 30�ǔĀ��ǩ4�� 10�ǔǈø�Ǜ(3,000g)��óǩuō

,8õ�Ǫõ�ŋŁ 200µl #C>qǍmP=eƋơŁ(pH2.98)200µl 8¦�ǩ:

dXǍƓ¨�Ġƨ(JLC-500/V2, JEOL, Tokyo, Japan)�ňÙ��ǪǅǛ:dXǍü

Ŷƃ%Ī��5��:dXǍ¶Ǐ$³ƨ ��Ż���ǪŮǍüŶƃ%@Nn

TĻ(Cataldo et al. 1975)�ňÙ��ǪOthers-N$Ŷƃ¶Ǐ%� LM-N¶Ǐ
2ǅ

Ǜ:dXǍüŶƃǩNH3-N 	1& NO3-N ¶Ǐ8á�ê��Ż���ǪOthers-N

%:c<Tǩa`PTǩŹ 4 ƂŶƃ©³ŕ	1&`pldq"!$Ŷƃ©³ŕ

8¶-ǪĝŬŵ#	��:dXǍ�Ġ%ǩŶƃǩmq	1&@m=e�Ś$Į

Ŋªǩ1/4ª	1& 2�ª#	��$,Ơ��Ǫ 

� ĝŬŵ#	��Ī��5�ǅǛ:dXǍ%ǩ phosphoserine (P-Ser), 

phosphoethanolamine (PEA), aspartate (Asp), threonine (Thr), serine (Ser), asparagine 

(Asn), glutamate (Glu), glutamine (Gln), glycine (Gly), alanine (Ala), valine (Val), 

isoleucine (Ile), leucine (Leu), tyrosine (Tyr), phenylalanine (Phe), gamma 

aminobutyrate (GABA), histidine (His), lysine (Lys)	1& arginine (Arg)����Ǫ

�$z�ǩP-Ser, PEA, Thr, Val, Ile, Leu, Tyr, Phe, His	1& LysŎè%�$:d

XǍŎè13/
"3�
��$�ǩ“other” ���528+ .�Ƣ��Ǫ 

 

5) ƈƨ�Ś 

� ƈƨƧĠ8SPSS statistical program version 19.0 (IBM, SPSS Inc., Tokyo, Japan)8

Ş��Ơ��Ǫ��$RsN#	��ǩ1 �ǋƌ$�ċ�Ġ(ANOVA)8Ơ��

óǩ^;QIhs$ĘÞĚûá(LSD)Ļ(P < 0.05)#13ƧĠ8Ơ��Ǫ����



 

 � ǱǴ � 

ŕǎ$Ɔġ#	��$, P < 0.10�ƧĠ8Ơ��Ǫ 

 

2. Ɔġ 
1) ýǒ 

� ?CX@qKF#	��ǩ�ĩŕ�	1&²ºØ$�ŕǎ%ǩĚû#Ǧ"

�� 1/4P ª$Ħ8ǘ�ǩ��$�ŚŎèǔ�Ěû"Î©8Ű�"
��(½

5-2-1(a))Ǫ�ĩŕ�$ŧÝýǒǁè%��$�Ś#	���ŚŎèǔ�Ěû"Î

©8Ű�"
��(Ƣ 5-2-1)Ǫic_AIk=c#	��ǩŶƃ�Ś#	��%

Ěû#ĮŊª�Ǧ"3ǩ1/2Nª�Ěû#�"��(½ 5-2-1(b))Ǫmq	1&

@m=e�Ś#	��%ĮŊª�Ǧ"3ǩ�	1&Ǧ�ŚŎèª��"�

�Ǫ²ºØ$�ŕǎ%ǩŶƃ�Ś#	�4ƛƺ	1&Ħ�% 1N > 2N ≈ 1/4N ≥ 

1/2N $Ǡ#ǩmq	1&@m=e�Ś#	�4ƛƺ	1&Ħ�% 1 �ª ≥ 1/2

ª ≈ 2�ª ≥ 1/4ª$Ǡ#Ǧ"��Ǫ�ĩŕ�$ŧÝýǒǁè%ǩŶƃ�Ś�

% 1/2Nª�Ěû#�ǩmq�4�%@m=e�Ś�%Ěûá%Ư.25"�

/$$ǩĮŊª�Ę/Ǧ��µ�ƥ25�(Ƣ 5-2-1)Ǫ<NTm#	��ǩ�ĩ

ŕ�$�ŕǎ%Ŷƃ	1&mq�Ś#	��%ĮŊª�Ę/Ǧ"3ǩ�	1

&Ǧ�ŚŎèª��
��(½ 5-2-1(c))Ǫ@m=e�Śª#	��% 1/4 ª�Ě

û#�"��Ǫ²ºØ$�ŕǎ%ǩŶƃ�Ś#	�4ƛƺ	1&Ƙ�% 1N ≥ 

2N ≈ 1/2N ≥ 1/4Nǩmq�Ś#	�4ƛƺ�% 1P ≥ 1/2P ≈ 1/4P ≥ 2Pǩ@m=e�

Ś$ƛƺ�% 1K ≈ 1/2K ≥ 2K ≥ 1/4KǩƘ�% 1K ≈ 1/2K ≈ 2K ≥ 1/4K$Ǡ#Ěû#

Ǧ"��Ǫ�ĩŕ�$ŧÝýǒǁè%ǩŶƃ�4�%mq�Ś�%Ěûá%

Ư.25"�/$$ǩĮŊª�Ę/Ǧ��µ�ƥ25ǩ@m=e�Ś�% 2K ≥ 

1K ≈ 1/2K ≥ 1/4K$Ǡ#Ěû#Ǧ
��(Ƣ 5-2-1)Ǫ 

� ?CX@qKF#	��ǩCpp^;nŎèǩÂuǊ/ÂvǊĶ	1&ĶƛŴ

%ǩ2N ª$Cpp^;n	1& 1/4P ª$ÂuǊ/ÂvǊĶ8ǘ���$�ŚŎ

èǔ�Ěû"Î©8Ű�"
��(Ƣ 5-2-1)Ǫic_AIk=c#	��ǩCp

p^;nŎè	1&ĶƛŴ%��$�Ś#	���ŚŎèǔ�Ěû"Î©8Ű

�"
��ǪtďǩÂuǊ/ÂvǊĶ%Ŷƃ�Ś�%�ŚŎèǔ�Ěû"Î©�
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ƥ25"
��/$$ǩmq	1&@m=e�Ś#	��ĮŊª�Ěû#�

"��Ǫ<NTm#	��ǩCpp^;nŎè%Ŷƃ�Ś�%�ŚŎè$uĒ

# /"�uĒ���ǩ�$�$�Ś�%�ŚŎèǔ#Ěû"Î©%ƥ25"


��ǪÂuǊ/ÂvǊĶ	1&ĶƛŴ%��$�Ś#	���ŚŎèǔ#Ěû

"Î©%ƥ25"
��Ǫ 
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Figure 5-2-1 Dry weight in (a) C. foliosissima, (b) A. dioicus and (c) P. cuspidatum in 

response to various N, P and K concentrations in the culture solution. The bars represent the 

standard deviation of the mean of triplicates. Upper-case letters indicate significant 

differences in the whole plant and lower-case letters indicate significant differences in each 

organ among various treatment concentrations at P < 0.10 according to the least significant 

difference (LSD) test. Quarter, half, standard and double strength of each element treatment 

concentration are given as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P, phosphorus; K, 

potassium. 
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2) Œİ�ƃ¶ĚŘ 

� Ŷƃ�Ś#	�4�ĩŕ�$Ŷƃ¶ĚŘ% 3 ųǔ�Ţ"���"
���ǩ

Ţ"4�ŚŎè#Ý�4Ŷƃ¶ĚŘ$Î©%?CX@qKF	1&ic_AI

k=c13/<NTm#	��Ò�
��(Ƣ 5-2-2(a))Ǫtď�ǩ�ĩŕ�$m

q	1&@m=e¶ĚŘ%ǩ�ŚŎè#Ǖ72�ic_AIk=c	1&<N

Tm13/?CX@qKF#	��Ǧ
��Ǫ@nI=e¶ĚŘ%�ŚŎè#

Ǖ72�?CX@qKF	1&ic_AIk=c13/<NTm#	��Ǧǩ

cDWI=e¶ĚŘ%�ŚŎè#Ǖ72� 3ųǔ�ǡ�����(Ƣ 5-2-2(b))Ǫ 

� ?CX@qKF$Ŷƃ�Ś#	��ǩ��$ºØ$Ŷƃ¶ĚŘǩĦ$mq	

1&cDWI=e¶ĚŘǩƛƺ$@m=e	1&@nI=e¶ĚŘ�ÆÂŶƃ

Ŏè$uĒ# /"�uĒ��Ǫmq�Ś#	��ǩmq¶ĚŘ% 1/4Pª�!

$ºØ�/Ěû#�
���ǩŶƃǩ@m=e	1&@nI=e¶ĚŘ%��

$�ŚŎèǔ�Ěûá%ƥ25"
��(Ƣ 5-2-2)Ǫ@m=e�Ś#	��ǩ@

m=e¶ĚŘ%ƛƺ#	��% 2K ≈ 1K > 1/2K ≈ 1/4K$Ǡ#ǦǩƘ	1&Ħ

#	��%ÆÂ@m=eŎè$uĒ# /"�uĒ��Ǫ��$ºØ$Ŷƃ¶

ĚŘǩƛƺ	1&Ƙ$mq¶ĚŘǩƛƺ$cDWI=e¶ĚŘ% 1/4ª��$�

ŚŎèª13/Ěû#Ǧ
��Ǫƛƺ$@nI=e¶ĚŘ	1&Ħ$cDWI

=e¶ĚŘ% 2�ª�Ěû#�
��Ǫic_AIk=c$Ŷƃ�Ś#	��ǩ

ƛƺ#	��% 1/4N ª�Ěû#�
���ǩƘ�% 1N ª��ǩĦ�%�Ś

Ŏèǔ$Î©%ƥ25"
��ǪƘ	1&Ħ$mq¶ĚŘ	1&��$ºØ$

@m=eǩ@nI=e	1&cDWI=e¶ĚŘ%�ŚŎèǔ�Ěû"Î©8

Ű�"
��Ǫmq�Ś#	��ǩmq¶ĚŘ%�ŚŎè$uĒ# /"�u

Ē��Ǫƛƺ	1&Ħ$Ŷƃ	1&@nI=e¶ĚŘ	1&��$ºØ$@m

=e	1&cDWI=e¶ĚŘ%�ŚŎèǔ�Ěû"Î©8Ű�"
��Ǫ@

m=e�Ś#	��ǩƛƺ$@m=e¶ĚŘ% 1/4Kª�Ěû#�
���ǩƘ

	1&Ħ�%�ŚŎèǔ�Ěû"Î©8Ű�"
��Ǫƛƺ	1&Ħ$Ŷƃ	

1&@m=e¶ĚŘ	1&ƛƺ$@nI=e¶ĚŘ%�ŚŎèǔ�Ěû"Î©

8Ű��ƛƺ	1&Ƙ$cDWI=e¶ĚŘ% 1/4Kª�Ěû#Ǧ
��Ǫ<N
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Tm$Ŷƃ�Ś#	��ǩ��$ºØ$Ŷƃ¶ĚŘǩƛƺ	1&Ƙ$mq¶Ě

Ř%ÆÂŶƃŎè$uĒ# /"�uĒ��Ǫƛƺ$@m=e¶ĚŘ% 1N ≥ 

1/4N ≥ 1/2N > 2N$Ǡ#Ǧ
��Ǫƛƺ	1&Ƙ$@nI=e¶ĚŘ% 2�ª#

	���$�ŚŎèª13/Ěû#�
��ǪcDWI=e¶ĚŘ%�ŚŎè

ǔ�Î©�"
��Ǫmq�Ś#	��ǩmq¶ĚŘ%ƛƺ	1&Ƙ�% 2P ≥ 

1/2P ≥ 1P > 1/4P$Ǡ#Ěû#ǦǩĦ�% 2Pª#	��Ǧ
��Ǫƛƺ	1& 

 

leaf blade 13.05  bc 12.84  c 14.27  b 16.90  a 14.30  a 14.64  a 14.27  a 14.72  a 17.54  a 15.98  ab 14.27  b 14.81  b 
stem 9.20  c 10.88  c 13.14  b 15.63  a 11.77  a 12.07  a 13.14  a 13.12  a 15.62  a 14.02  ab 13.14  b 14.14  ab 
root 6.43  c 7.45  bc 10.05  b 11.63  a 8.28  a 8.31  a 10.05  a 8.66  a 11.41  a 10.24  ab 10.05  b 8.52  b 
total 11.50  c 11.65  c 13.46  b 15.98  a 12.65  a 13.26  a 13.46  a 13.79  a 16.38  a 14.96  ab 13.46  b 13.65  b 

leaf blade 10.50  a 11.01  a 13.57  a 11.36  a 6.78  b 10.80  ab 13.57  a 14.29  a 19.26  a 14.94  ab 13.57  b 12.95  b 
stem 9.34  a 9.35  a 10.92  a 10.31  a 6.77  b 9.82  a 10.92  a 11.00  a 12.72  a 12.26  ab 10.92  ab 10.49  b 
root 5.97  b 6.44  ab 9.03  a 8.94  a 3.21  b 6.89  a 9.03  a 7.67  a 8.04  a 8.99  a 9.03  a 6.80  a 
total 9.47  a 10.02  a 12.43  a 10.89  a 6.10  b 10.10  a 12.43  a 12.90  a 16.73  a 13.69  b 12.43  b 11.53  b 

leaf blade 45.65  bc 45.55  c 46.92  b 50.05  a 48.43  a 47.99  a 46.92  a 44.38  a 30.37  b 34.37  b 46.92  a 48.71  a 
stem 39.03  a 38.32  a 35.73  a 37.54  a 39.54  a 38.94  a 35.73  a 39.84  a 26.42  c 33.32  bc 35.73  ab 42.49  a 
root 24.51  a 22.61  a 24.73  a 21.63  a 24.53  a 32.20  a 24.73  a 25.80  a 8.07  c 15.21  bc 24.73  ab 28.46  a 
total 41.08  ab 40.34  b 41.76  ab 44.05  a 42.08  a 44.83  a 41.76  a 41.56  a 25.97  b 30.98  b 41.76  a 44.28  a 

leaf blade 9.96  b 12.94  a 12.69  a 14.29  a 13.45  a 12.84  a 12.69  a 13.69  a 12.61  a 13.03  a 12.69  a 12.40  a 
stem 8.61  bc 10.38  ab 6.94  c 11.83  a 11.65  a 9.60  ab 6.94  c 11.09  a 11.24  a 10.27  a 6.94  b 8.96  ab 
root 14.24  a 16.02  a 16.02  a 16.59  a 16.94  a 16.58  a 16.02  a 16.58  a 16.80  a 15.73  a 16.02  a 15.45  a 
total 9.88  c 12.20  ab 11.41  b 13.44  a 13.07  a 11.66  ab 11.41  b 12.76  ab 12.29  a 11.50  a 11.41  a 11.13  a 

leaf blade 7.17  a 5.64  ab 5.29  b 4.14  b 3.10  c 4.11  bc 5.29  b 7.10  a 4.44  a 4.88  a 5.29  a 5.41  a 
stem 6.56  a 6.76  a 5.26  a 5.95  a 4.41  b 5.56  b 5.26  b 7.07  a 6.74  a 5.41  ab 5.26  ab 4.93  b 
root 7.04  a 7.16  a 6.48  a 5.55  a 4.25  b 7.07  ab 6.48  ab 8.61  a 6.22  a 4.94  a 6.48  a 5.57  a 
total 6.81  a 6.34  ab 5.41  ab 5.06  b 3.79  c 5.19  b 5.41  b 7.18  a 5.72  a 5.20  a 5.41  a 5.22  a 

leaf blade 16.50  a 14.41  a 17.87  a 17.88  a 16.23  a 16.82  a 17.87  a 17.86  a 13.06  b 18.08  a 17.87  a 20.13  a 
stem 20.38  a 18.53  a 16.46  a 19.15  a 18.41  a 16.19  a 16.46  a 19.21  a 18.43  a 16.11  a 16.46  a 18.05  a 
root 11.45  a 10.01  a 9.10  a 7.32  a 6.61  a 9.25  a 9.10  a 9.56  a 6.39  a 7.06  a 9.10  a 11.72  a 
total 17.54  a 16.60  a 16.77  a 17.48  a 16.53  a 16.76  a 16.77  a 17.86  a 15.29  b 16.26  ab 16.77  ab 18.93  a 

leaf blade 10.99  c 14.38  b 13.90  b 17.50  a 16.49  a 16.78  a 13.90  b 17.09  a 16.03  a 15.73  a 13.90  b 15.83  a 
stem 4.52  d 6.79  c 10.35  b 14.65  a 11.89  ab 13.17  a 10.35  b 11.99  ab 13.14  a 12.41  a 10.35  b 8.61  b 
root 5.12  c 7.43  b 8.82  ab 10.22  a 7.97  a 8.15  a 8.82  a 5.89  a 7.43  a 8.00  a 8.82  a 9.22  a 
total 7.26  d 10.03  c 11.27  b 14.74  a 12.79  a 12.91  a 11.27  a 11.52  a 12.71  a 12.82  a 11.27  a 12.04  a 

leaf blade 2.28  b 2.62  ab 2.55  ab 2.94  a 2.41  c 2.95  ab 2.55  bc 3.09  a 3.36  a 2.76  b 2.55  b 2.80  b 
stem 4.88  c 5.76  b 5.66  b 7.22  a 3.74  c 7.40  ab 5.66  b 8.07  a 8.40  a 6.06  b 5.66  b 6.71  b 
root 3.82  a 4.18  a 4.22  a 4.86  a 3.39  b 3.81  b 4.22  b 5.91  a 5.33  a 5.15  a 4.22  a 4.31  a 
total 3.42  b 3.91  b 3.83  b 4.53  a 3.02  c 4.31  b 3.83  bc 5.24  a 5.06  a 4.26  ab 3.83  b 4.14  ab 

leaf blade 21.26  ab 19.89  bc 22.60  a 18.28  c 20.80  a 20.24  a 22.60  a 20.84  a 17.11  b 18.09  b 22.60  a 22.37  a 
stem 27.73  a 26.63  a 27.78  a 22.76  a 27.13  a 27.82  a 27.78  a 30.35  a 26.20  b 23.08  b 27.78  ab 32.11  a 
root 10.23  a 8.07  a 9.86  a 8.02  a 6.62  ab 5.43  b 9.86  a 5.22  b 4.87  a 5.52  a 9.86  a 7.91  a 
total 17.77  ab 16.60  ab 19.05  a 16.26  b 17.79  a 16.73  a 19.05  a 16.44  a 15.46  b 15.83  b 19.05  ab 19.14  a 

C. foliosissima�

A. dioicus�

P. cuspidatum �

1/2N 1N 2N 1/4N 

N treatment�

N concentration�

P concentration�

K concentration�

N concentration�

P concentration�

K concentration�

N concentration�

P concentration�

K concentration�

1/2P 1P 2P 1/4P 

P treatment�

1/2K 1K 2K 1/4K 

K treatment�

Table 5-2-2 (a) Nitrogen (N), phosphorus (P) and potassium (K) concentrations in C. foliosissima, 

A. dioicus and P. cuspidatum 

Different letters indicate significant differences at P < 0.05 according to the least significant 

difference (LSD) test. Quarter, half, standard and double strengths of each element treatment 

concentration are given as 1/4, 1/2, 1 and 2, respectively. 
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Ƙ$Ŷƃ¶ĚŘ%Ěû#�ǩĦ$@m=e¶ĚŘ% 1Pª�Ǧ
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�Ěû"Î©%ƥ25"
��Ǫ@m=e�Ś#	��ǩ@m=e¶ĚŘ%ƛ

ƺ	1&Ƙ�% 2K ≈ 1K ≥ 1/2K ≈ 1/4K$Ǡ#Ǧ
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��Ǫƛƺ	1&Ƙ$mq¶ĚŘ

% 1/4ª�Ěû#�ǩ@nI=e	1&cDWI=e¶ĚŘ%´ª�Ěû#Ǧ


��Ǫ 

 

3) ƛƺ#	�4Ŷƃ©³ŕƅý 

� ?CX@qKF$Ŷƃ�Ś#	��ǩ7�
#�
�� 1/4N$ LM-N	1&

1/2N$ SP-N8ǘ�ǩ��$Ŷƃ©³ŕ#�ŚŎèǔ�Ěû"Î©%ƥ25"
 

 

Table 5-2-2 (b) Calcium (Ca) and magnesium (Mg) concentrations in C. foliosissima, A. dioicus 

and P. cuspidatum 

Different letters indicate significant differences at P < 0.05 according to the least significant 

difference (LSD) test. Quarter, half, standard and double strengths of each element treatment 

concentration are given as 1/4, 1/2, 1 and 2, respectively. 

C. foliosissima�

A. dioicus�

P. cuspidatum �

1/2N 1N 2N 1/4P 1/2P 1P 2P 1/4K 1/2K 1K 2K 1/4N 

N treatment�

Ca concentration leaf blade 4.57  b 4.65  b 4.99  ab 5.55  a 4.60  a 5.55  a 4.99  a 4.55  a 5.54  a 4.72  ab 4.99  a 3.68  b 
stem 4.46  a 4.60  a 6.79  a 6.46  a 5.98  a 5.86  a 6.79  a 4.90  a 5.48  ab 4.65  b 6.79  a 4.65  b 
root 2.58  ab 1.98  bc 2.73  a 1.72  c 2.16  a 2.19  a 2.73  a 2.12  a 2.44  a 2.23  a 2.73  a 2.37  a 
total 4.27  ab 4.16  b 4.98  a 5.18  a 4.42  a 4.95  a 4.98  a 4.24  a 5.10  a 4.25  ab 4.98  a 3.61  b 

Mg concentration leaf blade 2.22  a 2.27  a 1.98  a 2.24  a 2.33  a 2.18  a 1.98  a 2.11  a 2.98  a 2.61  ab 1.98  c 2.13  bc 
stem 3.81  a 3.63  a 3.93  a 3.96  a 4.03  a 4.31  a 3.93  a 3.52  a 4.32  a 3.98  a 3.93  a 3.91  a 
root 4.05  b 4.15  b 4.46  ab 5.57  a 4.50  a 4.69  a 4.46  a 3.94  a 7.99  a 7.71  a 4.46  b 3.45  c 
total 2.78  a 2.83  a 2.68  a 2.93  a 3.09  a 2.83  b 2.68  bc 2.56  c 4.00  a 3.68  a 2.68  b 2.63  b 

Ca concentration leaf blade 6.35  a 4.68  a 4.87  a 4.46  a 5.06  a 5.26  a 4.87  a 6.42  a 6.78  a 3.77  a 4.87  a 3.93  a 
stem 4.22  a 3.80  a 3.81  a 3.64  a 3.50  ab 2.99  b 3.81  a 3.50  ab 3.56  ab 2.62  b 3.81  ab 4.44  a 
root 2.44  a 2.82  a 2.43  a 2.79  a 4.08  a 3.22  a 2.43  a 3.47  a 4.41  a 3.27  ab 2.43  b 2.87  ab 
total 5.03  a 4.05  a 4.31  a 3.93  a 4.19  a 3.94  a 4.31  a 4.93  a 4.87  a 3.18  b 4.31  ab 4.08  ab 

Mg concentration leaf blade 5.03  a 3.45  a 4.02  a 4.01  a 4.47  a 4.52  a 4.02  a 4.57  a 5.33  a 4.01  ab 4.02  b 3.67  b 
stem 2.57  a 2.14  a 1.82  a 1.98  a 2.19  a 1.98  a 1.82  a 2.35  a 2.46  a 2.05  a 1.82  a 2.80  a 
root 1.36  a 1.40  a 1.24  a 1.36  a 1.61  a 1.44  a 1.24  a 1.52  a 1.87  a 1.50  ab 1.24  b 1.17  b 
total 3.61  a 2.88  a 3.11  a 2.94  a 3.18  a 3.04  a 3.11  a 3.39  a 3.61  a 2.80  a 3.11  a 3.16  a 

Ca concentration leaf blade 11.42  a 10.76  a 8.77  ab 7.48  b 8.51  b 10.20  a 8.77  b 9.12  ab 10.84  a 8.07  b 8.77  b 7.76  b 
stem 8.87  a 8.54  a 7.37  a 4.75  b 5.11  a 7.73  a 7.37  a 6.67  a 6.99  a 5.42  b 7.37  a 6.78  ab 
root 3.42  a 4.48  a 3.35  a 3.56  a 4.00  a 4.07  a 3.35  a 5.69  a 5.92  a 4.31  a 3.35  a 3.16  a 
total 7.49  a 7.83  a 6.61  a 5.89  a 6.34  a 7.38  a 6.61  a 7.21  a 8.30  a 6.47  b 6.61  b 5.92  b 

Mg concentration leaf blade 3.45  a 3.19  a 2.49  a 3.12  a 2.68  a 2.98  a 2.49  a 2.66  a 4.46  a 3.35  ab 2.49  b 2.57  b 
stem 1.78  a 1.90  a 2.22  a 2.28  a 1.53  a 1.72  a 2.22  a 1.57  a 3.64  a 2.48  ab 2.22  b 1.84  b 
root 4.13  a 4.37  a 4.01  a 4.08  a 6.03  a 6.46  a 4.01  a 8.81  a 8.15  a 6.43  a 4.01  a 4.82  a 
total 3.41  a 3.38  a 3.13  a 3.34  a 3.46  a 3.93  a 3.13  a 4.92  a 5.37  a 4.05  ab 3.13  b 3.35  b 

P treatment� K treatment�
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4) ƛƺ#	�4n\KGǚŴ¤³ 

� RubiscoÒH_jVQS$ZqT% 3ų��#	���$±ŋúNq[CƷ$

ZqT13/ŎĪ��5�ǪRubiscoÒH_jVQS	1&ÞH_jVQSǚ

Ŵ¤³$³ƨ% 3 ų /ÆÂǣ�Ŏè#14ïǟ8°�#
��(Ƣ 5-2-3)Ǫ

�
�"�2ǩ?CX@qKF$@m=e�Śǩic_AIk=c$� 3 �Ś

	1&<NTm$mq�Ś#	�4 RubiscoÒH_jVQSǚŴ¤³ǩ<NTm

$@m=e�Ś#	�4 Rubisco ÒH_jVQS	1&ÞH_jVQSǚŴ¤

³%ǣ�Ŏè#1��Î©��Ǫ 

 

5) ƛƺ#	�4��Ô©³ŕüŶƃƅý 

� ?CX@qKF#	��ǩǅǛ:dXǍüŶƃ$¤³%��$�ŚŎè#	

��Ɓ 60 ~ 80% Ǧ
��(½ 5-2-3(a))Ǫic_AIk=c#	��ǩǅǛ:d 
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Figure 5-2-2 Composition of fractionated nitrogen compounds in the leaf blades of (a) C. 

foliosissima, (b) A. dioicus and (c) P. cuspidatum. The bars represent the standard deviation 

of the mean of triplicates. Lower-case letters indicate significant differences in each N 

compound and upper-case letters indicate significant differences in phosphate buffer-soluble 

N compounds (PB-N) at P < 0.05 according to the least significant difference (LSD) test. 

Quarter, half, standard and double strength of each element treatment concentration are given 

as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P, phosphorus; K, potassium. CW-N, cell 

wall-bound protein N compounds; MB-N, membrane-bound protein N compounds; SP-N, 

soluble protein N compounds; LM-N, low molecular weight N compounds; PB-N, the sum 

of SP-N and LM-N. 



 

 � ǲǲ � 
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�ǩothers-N$¤³% 1/4Nª�Ěû#Ǧ
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ǩ@m=e�Ś#	��ǅǛ:dXǍüŶƃ$¤³% 1/4Kª�Ěû#�
�

�Ǫ<NTm$��$�Ś#	��ǩĮŊª ĶƼ�� 1/4ª	1& 2�ª�ǅ

Ǜ:dXǍüŶƃǩNO3-N 	1& NH3-N $¤³�Ǧǩothers-N $¤³��


1/4N 

Rubisco   large subunit�

C. foliosissima�

A. dioicus�

P. cuspidatum �

12.11  10.01  11.04  11.10  10.44  9.63  11.04  11.08  11.16  12.19  11.04  15.11  

1.93  2.64  2.69  3.10  2.86  3.15  2.69  2.25  2.69  2.79  2.69  1.81  

8.51  3.63  4.52  5.14  4.48  9.93  4.52  6.98  6.00  8.84  4.52  8.01  

1.51  2.36  2.46  2.75  2.52  4.82  2.46  3.07  3.03  3.66  2.46  3.68  

12.27  13.69  11.01  12.96  16.86  13.66  11.01  15.36  15.45  16.98  11.01  18.34  

5.90  5.50  6.99  4.72  4.64  4.74  6.99  4.88  4.16  2.56  6.99  2.13  

  small subunit�

Rubisco   large subunit�

  small subunit�

Rubisco   large subunit�

  small subunit�

1/2N 1N 2N 1/4P 1/2P 1P 2P 1/4K 1/2K 1K 2K 

K treatment�P treatment�N treatment�

Quarter, half, standard and double strengths of each element treatment concentration are 

given as 1/4, 1/2, 1 and 2, respectively. N, nitrogen; P,phosphorus; K, potassium. 

Table 5-2-3 Rubisco accumulation ratio (%) in the leaf blades in C. foliosissima, A. dioicus 

and P. cuspidatum 
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Figure 5-2-3 Composition of low molecular weight nitrogen compounds in the leaf blades of 

(a) C. foliosissima, (b) A. dioicus and (c) P. cuspidatum. The horizontal bars in each 

treatment from left to right show 1/4, 1X and 2X strength concentrations, respectively. The 

bars represent the standard deviation of the mean of triplicates. Letters indicate significant 

differences in each N compound at P < 0.05 according to the least significant difference 

(LSD) test. Others-N includes amide, peptide, quaternary N compounds and prolamin N 

compounds. N, nitrogen; P, phosphorus; K, potassium. NO3-N, nitrate N compounds; 

NH3-N, ammonium N compounds. 



 

 � ǲǴ � 

6) ƛƺ#	�4:dXǍŎè 

� �ǅǛ:dXǍŎè%ic_AIk=c	1&<NTm13/?CX@qK

F#	��Ɯ�Ǧ
��(½ 5-2-4)Ǫ?CX@qKF#	��ǩAsn �{Ƥ:

dXǍ��3ǩ�:dXǍŎè%��Ś8ǀ�� 2N 	1& 1/4K ª�Ǧ
��

(½ 5-2-4(a))ǪŶƃ�Ś#	��ǩAsnŎè%ĮŊª ĶƼ�� 1/4Nª��
�

�Ǫ�
�"�2ǩGlu	1& GABA8ǘ��$:dXǍŎè% 2Nª�uĒ

��Ǫmq�Ś#	��%�ŚŎèǔ#Ěûá%ƥ25"
��Ǫ@m=e�

Ś#	��ǩAspǩGlu	1& GABA8ǘ��$:dXǍŎè%uĒ�ǩAsn

Ŏè% 1/4K ª�Ò�uĒ��Ǫic_AIk=c	1&<NTm#	��ǩ

?CX@qKF ĶƼ��ǩ��$�ŚŎè� Glu	1& GlnŎè�ǦǩAsn

Ŏè�
"3�
���ǩ2ųǔ�%<NTm13/ic_AIk=c#	��

:dXǍǩŖ# Asn Ŏè%Ǧ
��(½ 5-2-4)ǪÆÂz$ŶƃŎè$uĒ  /

# Ala8ǘ��$:dXǍŎè�yų /#uĒ��(½ 5-2-4(b)	1&(c))Ǫ

mq	1&@m=e�Ś#	��ǩ�ǅǛ:dXǍŎè%�ŚŎèǔ�Î©�

"
��Ǫic_AIk=c$mq�Ś#	��ǩĮŊª ĶƼ�� 1/4P	1

& 2Pª� Gln	1& GABAŎè�uĒ�ǩArg	1& SerŎè��v��Ǫ@

m=e�Ś#	��%ĮŊª ĶƼ�� AsnǩGlu	1& GABAŎè�uĒ�ǩ

Arg Ŏè��v��Ǫ<NTm#	��ǩmq�Ś�% AspǩGluǩGlnǩAlaǩ

GABA	1& ArgŎè�ǩ@m=e�Ś�% AspǩSerǩGluǩGln	1& ArgŎ

è�ĮŊª ĶƼ�� 1/4ª	1& 2�ª#	��uĒ��Ǫ 

 

Ź 3ż� ƍÜ 
?CX@qKFǩic_AIk=c	1&<NTm$ƓŜÂ�$ƱĤ#	�

�ǩÂuǊ/ÂvǊĶ%Âő#1��Î©��(Ƣ 5-1-1)ǩĮǦ$Ǉ�#14îü

ŤÎ©%Þ��� �ƍ�25�Ǫ?CX@qKF�%ƛƺ	1&�ĩŕ�#

	�4Ŷƃǩmq	1&@m=e¶ĚŘ� 3 Âőǔ�Ěûá�"ǩ@nI=

e	1&cDWI=e¶ĚŘ%Âőǔ�Ěû#Ţ"����(Ƣ 5-1-2)Ǫtďǩ

ic_AIk=c	1&<NTm�%ǩic_AIk=c$mq¶ĚŘ8ǘ� 



 

 � ǳǫ � 

 

 

 

 

 

 

 

ƛƺ�4�%�ĩŕ�#	�4Œİ�ƃ¶ĚŘ�Âőǔ�Ò�Ţ"����Ǫ

�52$� 
2ǩ?CX@qKF�%@nI=e	1&cDWI=e¶ĚŘ

�Ï%ýƏśÊ#�Õ�"�Ɠòú$ì�Œİ�ƃ·®8Ơ�ǩic_AIk

=c	1&<NTm�%Œİ�ƃ·®$Ɠòú�ë� ���5+�$�ǡ 

´�ýǒþš��4� ��ĩŕ�#	��/ůƯ�5�Ǫ 

ÆÂŎè8ãçÎ©���ĸƎħÆƬǥ#	��ǩ�ŚŎèǔ#	�4�

260�

240�

100�

80�

60�

40�

20�

0�
N 

treatment�
K 

treatment�
P 

treatment�

Fr
ee

 a
m

in
o 

ac
id

s 
co

nc
en

tra
tio

ns
 (µ

m
ol

 g
-1

)�

(a)�

220�

aA�

bA�

bA�

aA�

aA�

aA� bA�

bA�

aA�

0�

20�

10�

30�

40�

50�

aB�

aB�

aB�

aC�

aC�

aC�

aB�

abB�

bB�

N 
treatment�

K 
treatment�

P 
treatment�

N 
treatment�

K 
treatment�

P 
treatment�

aB�

aB�

bB�

aB�
aB�

aB�

aB�
aB�

aB�

(b)� (c)�
: Arginine

: Aspartic acid

: GABA
: Alanine

: Asparagine

: Glutamine
: Glycine

: Glutamic acid

: Serine

: Others

Figure 5-2-4 Free amino acid concentrations in the leaf blades of (a) C. foliosissima, (b) A. 

dioicus and (c) P. cuspidatum. The horizontal bars in each treatment from left to right show 

1/4, 1X and 2X strength concentrations, respectively. Lower-case letters indicate significant 

differences among treatment concentrations and upper-case letters indicate significant 

differences among species at P < 0.05 according to the least significant difference (LSD) test. 

“Others” include phosphoserine, phosphoethanol amine, threonine, valine, isoleucine, 

leucine, tyrosine, phenylalanine, histidine and lysine. N, nitrogen; P, phosphorus; K, 

potassium. 
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ƣ�Ť#Ǧ"��Ǫ�52$� 
2ǩ?CX@qKF#	���ŕŜŝİ

Ĭ#Ò�ïǟ8x�4±ŋúNq[CƷ$¢Ǥ���4ǅǛ:dXǍ8 Ş

�4�%ÐǏ#ǚŴ�4� #13ƓòŤ"�ŕŜŝİĬ8Ɖā���� ƍ
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Summary 

 

� To ensure appropriate growth of natural vegetation, it is necessary to understand the 

adaptive strategies of native species to differences in the habitat. Dry matter production 

for plant is strongly controlled by the correlation between carbon (C) and nitrogen (N). 

Also, mineral nutrient, especially N absorption and the correlation among each mineral 

element absorbed considerably affect on dry matter production. It could be considered 

that native plant absorb mineral elements and produce the dry matter under natural 

conditions, while affected by various environmental factors. Therefore, native plant 

must have strategies to adapt to changes in the environment and it could be considered 

that they would be different depending on division, class, family and species. 

Additionally, N metabolisms such as accumulation and distribution of N compounds are 

involved in the growth and mechanisms of dry matter production. While it is necessary 

to collect the basic information about plant growth and mineral uptake in the habitat, 

few plant-nutritional studies have been devoted to the growth strategies in native plant 

species. Thus, we performed aiming at revealing the growth strategies, the mechanisms 

of dry matter production in native species growing in Mt. Daisen. The results obtained 

were as follows. 

� 1. At the habitat, the air and soil temperature (˚C) were higher in the order of site A > 

site B > site C. Although mean daily air temperature was similar in 2006 and 2007 until 

the late growth period, then, it decreased gradually in 2006 and decreased rapidly in 

2007. The soil pH (H2O) was significantly lower in the order of site A < site B < site C 

and electric conductivity, total C, total N and exchangeable cation concentration were 

higher at site A than those at sites B and C. Also, even within the same site, especially 

at sites A and C, there was a significant difference in soil chemical properties among 

positions.  
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� 2. In the relationships between mineral accumulations and dry matter accumulations 

in leaves of 14 species, the relationships between dry weight and the amount of N 

accumulation were less affected by altitude and were stable in monocotyledon, Carex 

foliosissima and Disporum smilacinum. These relationships, however, were fluctuated 

sensitively by the altitude in the other species. In monocotyledon, C. foliosissima and D. 

smilacinum, the relationships between N and phosphorus (P) or potassium (K) 

concentrations were less changed by sites. While, the relationship between N and K 

concentrations in Maianthemum dilatatum and the relationships among three elements 

in the other species were sensitively affected by altitude. 

� 3. We could classify adaptive strategies for native herbaceous species into 5 types 

according to the relationships between mineral concentrations in leaves and 

environmental factors as follows; 1) Type I: mineral accumulation in leaves depends on 

the habitat and is affected by growing environment factors such as air and soil 

temperatures and altitude with the exception of soil mineral concentrations 

(whole-region ranging species; pteridophyta, Athyrium vidalii, limited-region species; 

magnoliophyta, monocotyledon, Tricyrtis affinis). 2) Type II: mineral accumulation in 

leaves hardly depends on the habitat and the autonomy of mineral absorption is high, 

although calcium (Ca) and magnesium (Mg) concentrations in leaves are affected by 

soil mineral concentrations and cumulative air temperature (whole-region ranging 

species; magnoliophyta, monocotyledon, C. foliosissima, limited-region species; 

magnoliophyta, monocotyledon, Sasa palmata and D. smilacinum). 3) Type III: mineral 

accumulation in leaves strongly depends on the habitat and soil N concentration, but is 

also affected by the growing environment such as air and soil temperatures and altitude, 

and the autonomy of mineral absorption is weak (whole-region ranging species; 

magnoliophyta, dicotyledon, Aruncus dioicus, Polygonum cuspidatum, Artemisia 

princeps, Plantago asiatica and Oxalis gliffithii, limited-region species; magnoliophyta, 

monocotyledon, Heloniopsis orientalis). 4) Type IV: mineral accumulation in leaves is 

affected by growing environment factors such as soil mineral concentrations, air and 
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soil temperatures and altitude with the exception of soil N, P and K concentrations, and 

the autonomy of mineral absorption is weak (limited-region species; pteridophyta, 

Dryopteris crassirhizoma, magnoliophyta, dicotyledon, Cacalia nikomontana). 5) Type 

V: mineral accumulation in leaves hardly depends on the habitat, but is affected by 

growing environment factors such as air and soil temperatures and altitude with the 

exception of soil mineral concentrations, and the autonomy of mineral absorption is 

weak (limited-region species; magnoliophyta, monocotyledon, M. dilatatum).  

� 4. The responses of growth and N metabolism to varied nutrient concentrations in the 

medium in C. foliosissima, A. dioicus and P. cuspidatum growing over the whole region 

of Mt. Daisen differed among three species. In C. foliosissima (Type II), to the change 

in nutrient concentration in the medium, the mechanism of dry matter production was 

maintained by maintaining the soluble protein-N (SP-N) and low molecular weight-N 

(LM-N) which are important for dry matter production or compensating the SP-N by the 

LM-N. In A. dioicus and P. cuspidatum (Type III), the ratios of SP-N and LM-N were 

markedly lower, and the composition of N compound and amino acid concentration 

were considerably affected by the change of nutrient concentration in the medium. 

Additionally, in P. cuspidatum, the conversion pathways from glutamine and glutamic 

acid to other amino acids were inactive and the amount of stored amino acids was 

considerably reduced. As a result, to the environmental change, it could be considered 

that those two species were the varing type that grow over the whole region of Mt. 

Daisen with changing N metabolism and mineral uptake capacity which were important 

for dry matter production.  

� From these results, we could classify adaptive strategies for the native herbaceous 

plants growing in Mt. Daisen into five types according to the characteristics of mineral 

accumulation and the relationships between mineral uptake and environmental factors. 
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