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1. Leaf mass Fraction 
2. Stem Mass Fraction 
3. Root Mass Fraction 
4. Relative Growth Rate 
5. Net Assimilation Rate 
6. Leaf Area Ratio 
7. Specific Leaf Area 
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#P�G 4 .=!2� � _5� �=U	9 Q	�, +!2�� Q	�, k"	2�-� ;27O� G�#P 

���E� F	�4   5KU
=U	9 

 5� 
0�
=U	9  

 ]!B 
0�
=U	9 

 �K9
_5� 

 ]!B 
0�
_5� 

SLA 
 ]!B ��	*

=!2� 

.3 ]!B ��	* 

 @�2�+A0/748** 8/363** 37930** 75624** 595201** 0/00409304** 23834** 1238746** 

�B1�+�� 0/536* 1/255* 5535ns 32078** 375631** 0/00071115ns 4685ns 437742** 

�B1�+�� ×@�2�+A 0/173ns 0/828ns 9573* 3701/6ns 59825ns 0/00138193ns 10399** 146824* 

>�	+9� 0/115 0/29 3243 1685/455 26840 0/00056 2102 44142 

H����E� ���I 6/06 8,9 10/1 10 11/58 8 10/5 11 

  ns :     ������	
 ��
 :*��	
 �����  ������ ��� �� ���05/0 :**   ��	
 �����  ������ ��� ���01/0  
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 (meql-1) 

��
���� 

(mm) 

�� ��� 

) ��
�g( 

��� ��� 

) ��
�mg( 

��� ��� 

(cm2) 

 ��� ���

) ���mg( 

 ��� ��
�

�� ! (mg) 

 ��� ��
�

"#  (mg) 

B

�	( 1/5 5/28b 3/67c 293b 297/32b 1080b 363b 1737b 

 
3 5/65a 4/98b 384a 438/01a 1534a 456a 2375a 

 
6 5/85a 5/55a 418a 469/47a 517a 448a 2384a 

 
 

   
 

   
�C��	
� 1/5 5/49b 4/61b 386a 367/81b 1236b 436a 2058b 

 
3 5/42b 4/44b 338a 366/46b 1284b 396a 2019b 

 
6 5/87a 5/16a 371a 470/53a 1611a 435a 2419a 

B

�	( �C��	
� 
       

5/1  1/5 5/26bc 3/73ed 318cb 292/53d 1034ef 358cd 1712fe 

 3 4/89c 2/83e 228c 232/67d 936/5f 308d 1473f 

 6 5/69ab 4/45cd 332cb 366/77c 1271cde 423cb 2026dec 

3 1/5 5/71ab 5/08bc 444a 410/93cb 1485bcd 529a 2460ab 

 3 5/48bc 4/97bc 386ab 391/07c 1392cd 403cb 2183dbc 

 6 5/75ab 4/90bc 322cb 512/03a 1725ab 435cb 2483ab 

6 1/5 5/5bc 5/02bc 396ab 399/97c 1187def 419cb 2003de 

 3 5/88ab 5/53ab 398ab 475/63ab 1525cb 477ab 2401abc 

 6 6/17a 6/12a 460a 532/8a 1838a 448ab 2748a 

  *
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 C2-7)- T$9	�6 �-#(**+ 2#�	 (Cakmak et al., 1994; 

Ericsson, 1995; Meille & Pellerin, 2008; Zhang et 
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 '9- =�)	2 C2-7)- T: _5� � =U	9)G�#P 5 (�  C:	3
RMF =�  Q-5i- .$%��I* +T$9	�6� 5�	* @ ]!B =!2� 

'9- ��&8" .-5s  =3�2	(*;�	* �$\"	$* @ ]!B =!2� 
=�  �53 m>!* +2	NI�=3 T$9	�6 [89�	* C2-7)- @ 

 =!2� ]!B*+ �&�.2� u5Z 0-  =3 =1I2- =� =P&� 	� 5\
 ��G&�L* 	:  �	F  'g�W 	: 'g�W �T$9	�6  S	�  

�&� =�)	2 C2-7)- T: +2-cW 5,	I/ .3  0-  �	$�� �� �
Q	<%	K* )Ericsson, 1995; Hilbert, 1990; Marschner 

et al., 1996( �#� m>!* T: .3 C2-7)- =3 '9- 
 '8�" C:	3 [89 =!2� M$L* �� +2-cW 5,	I/RMF 

*+ �&� �*+ 
-&� C:	3 �2- RMF5�!$� =� -�   
�&�
�-� '8�" T: =!2� M$L* �� +2-cW 5,	I/ . CI3-� �2-

 '8�" =9 ;�2	(* �� -� 	:	!")K:N( 5/1 :5/1 �3:3 � 
6:6 *+ 
-&�=�  �53 �#:	!* �	1�Y Q�&, . C2-7)- 	�

 5hI/ �� 'g�WN � K) �� +%	F  '�	i 	N"Y '8�" =3
'9-( 
0� '8�" C:	3 � .3 ]!B @�	* =� =!2�

 #� �#:	!*)G�#P 7 .( 5� 
`�5�$" 5i-RMF }t*	3 +�I* 
 ��	�B	� =� =!2� 
0� '8�" #2#� C:	3 [89 � �&�

#� . 5i- ��&* �� =�	!* +O2	�" +�8U Q	<%	K* ��
 C:	3 5� 
`�5�$"RMF'9- �#� 4�-7?  (Ågren & 

Franklin, 2003; De Grazia et al., 2006; Sallaku et 

al., 2009). C:	3  -5� =3 +�$%� �#
/ RMF �2- �� 
 _5� ]!B @�	* 5�!$� C2-7)- �'9- �#� 53� Q	<%	K*
 C2-7)- =� v9	6 �� =!2� ]!B @�	* 	� =�2	(* ��

'9- ��&� 
`�5�$".  C2	*0Y �2- �� 
-7$* �25�
3

RMF =� p&�5*  '8�")K:N( 6:6 �-#(* �25�!$� � �&� 
 �� 7$" 
Y'8�" 5/1 :3  =�#*Y '9�. 5\2� [%	P ;�1" 

�� �=3 �&� �2- +%	F  �$� =3'8�" 	: =�	!*  5/1 :5/1�  
6:6 '8�" �� RMF ut�B- I<*	 �-� �$� �'�-� �&P�  

'8�" 	: ut�B- Q�	��*  I<*	 �-� �&8" )G�#P 5 .( �2-
 =3 '9- �&E&* �2- 5\"	$� �#2#6 }S	
�F- '8�" �2-

�$$<� =3 '�$" 
`�5�$" =� T$9	�6  @&L" @#II3
 ]!B @�	* m$h>� =1�� '9- ]!B �-&* m$h>�

=P&?  	:	!" ��  5,	I/ �&B 'g�W =� 5�!$� +\"5)
'9- =���-� +2-cW .C:�A6 �� �&E&* �2- +9�5�   	:

 �#I2Y*+ #"-&��5$? �-5U  5�!$� =P&� � +�	20�- ��&* .  
 5� 
`�5�$" 5i-_5� ]!B @�	* '8�"  @�	* .3 =� 	:

 ]!B)LMF( }t*	3 I<*	 �-� �&� )G�#P 6 ( �	� C2-7)- 
�	* +2-cW G&�L* 
`�5�$" �-#(*@ '8�" � _5� ]!B 

 
Y �	$? .3 =��53 -#$6 C2-7)-) G�#P   	:5 � 7(. �2- 
&� 
-5\!:�A6 52	9 �2	�" =�	!* =O$�" �(De Grazia et 

al., 2006; Sallaku et al., 2009; Vavrina et al., 
(1998. 3 '9- �#� =��? 
`�5�$" �-#(* C2-7)- 	� =

 ��  5�!$� �$I$3&�2	9�2=! 	: =� � �#� #$%&� 
X-#"- 	: G	9�- +2-&:  *+ �&��� �  �$I$3&�2	9 '2	N"

 _5� �� +%&�9 Q	
$�(� C2-7)- [89*+ �&� .
	923&�$I$� #�� [89 �2=! 	: T: *+ �&� 	*- �

 '$9	�F_5� 	: =� 	N"Y v9	6 � 	923&�$I$� 0- 5�!$� 
�2=! 	: '9)Wien, 1997(.  

  
G�#P 6 .mB	� k"	2�-� ;27O� G�#P X-#"- =� ]!B @�	* m$h>� � #��  	:  	: 

a��>*

���E� F	�4 LMf SMF RMF RGR LAR NAR SLA 

@�2�+A 0/001333ns
 0/00046633ns

 0/00111248ns
 0/00040833** 0/00183478** 0/0170647ns

 0/00409304** 

�B1�+�� 0/00949344** 0/00284878** 0/00198181* 0/00013011** 0/000675ns
 0/0058517ns

 0/00071115ns
 

�B1�+�� × @�2�+A 0/00110161ns
 0/00068778ns

 0/00052937ns
 0/00004678ns

 0/00047594ns
 0/01502898ns

 0/00138193ns
 

����4LM >�	+9� 0/00116419 0/0004453 0/00036252 0/000013 0/00023204 0/00750148 0/00056 

  H����E� ���I 5/39 12/4 9/62 2/20 8/26 9/643 8 
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 ��
 :*��	
 �����  ������ ��� �� ���05/0 :**   ��	
 �����  ������ ��� ���01/0  
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G�#P 7 . �� ]!B @�	* '8�" �$\"	$* ;�2	(*X-#"- 	: � a��>*  mB	� 	:	!" #��    
*;<=)  mgl

-1(  LMF SMF RMF RGR LAR NAR 
SLA 

(cm2/mg) 

B

�	( 1/5 0/621a 0/169a 0/211a 0/156b 0/17b 0/927a 0/273b 

 3 0/645a 0/163a 0/192ab 0/168a 0/184ab 0/919a 0/285b 

 6 0/632a 0/177a 0/190b 0/168a 0/199a 0/848a 0/314a 

 
 

       

�C��	
�  1/5 0/599b 0/189a 0/212a 0/162b 0/179a 0/917a 0/299a 

 3 0/636a 0/166b 0/198ab 0/161b 0/179a 0/908a 0/292a 

 6 0/664a 0/154b 0/183b 0/168a 0/194a 0/869a 0/281a 

B

�	( �C��	
�              

1/5 1/5 0/601c 0/188ab 0/212ab 0/156de 0/169bc 0/932ab 0/28cb 

 3 0/634abc 0/155bc 0/211ab 0/15e 0/160c 0/954ab 0/25c 

 6 0/627bc 0/164abc 0/209ab 0/162dc 0/182abc 0/897ab 0/29cb 

3 1/5 0/604c 0/18ab 0/215a 0/169ab 0/167bc 1/012a 0/28cb 

 3 0/637abc 0/177ab 0/185abc 0/165bc 0/179abc 0/925ab 0/28cb 

 6 0/694a 0/13c 0/176bc 0/169ab 0/207a 0/819b 0/3b 

6 1/5 0/592c 0/198a 0/21ab 0/162dc 0/202a 0/807b 0/34a 

 3 0/635abc 0/166abc 0/199abc 0/168abc 0/199a 0/846ab 0/31ab 

 6 0/67ab 0/167abc 0/164c 0/173a 0/195ab 0/891ab 0/29cb 
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)SMF ( #�)G�#P 7 .( 'g�W5/1 *$�+ 3-+ 
S-� 5�$% 5� 
Y '8�" �25�!$� 
SMF -� '�-� . '8�"SMF 0- +12 

'9	!" #��  #$�3  	:�&�3	)� -5s "	$� =3 	!" Q�#U 5\
�	(* � +�,- .L* =� G	(�"- �$F � �	� 5�-5� �� '*

 q&�L* +1!B*+ �&�.  T$9	�6 � 
`�5�$" .�	(�* 5i-
 5�'8�" 	:  RMF �SMF � LMF I<*	�&8" �-� 

)G�#P 6(.   
��&P� �2- 	�  �25�!$� 
-7$*SMF'8�" �� ) K:N( 

5/1 :6 �	��- �	�)- � �25�
3 �-#(* SMF �� '8�"  	: 
3:6 � 6 :5/1
	!" =3 �&�  r+�I* 5i- @#I:�  '8�" rC:	3

)K:N ( 5�SMF�&� ) G�#P 7 .(*- 
-7$* �25�!$� 	
RMF '8�" �� 5/1: 3 '8�" �� 
Y 
-7$* �25�
3 � 

6:6#� �#:	!*  . =3 +"	*0 =3 '9- 
Y 5\"	$� �2	�" �2-
 
`�5�$" � T$9	�6 �$� '8�")K:N (+* 5�!$�  �&�

 +I<2 �	!" '$�$3 �&8N� 'NP �� ]!B @�	* m$h>�
 ]!B @�	* =� =U	9 � =!2� ]!B @�	* '8�" C2-7)-

 .3)RMF � SMF (�	�)- #:-&B �	��-.   

 �� @�2�+A 1 �B1�+�� �C�78�9 ��/9� � 

 +8�" #�� '/59)RGR ( T$9	�6 a��>* {&K9 ��
 Q�	��I<*	 �-� T$9	�6 �-#(* C2-7)- 	� � �-� 
	!"  

�-#(* RGR')	2 C2-7)-  . �� +8�" #�� '/59 C2-7)-
 _5� ;<9&� �5" 0- +�	" T$9	�6 ��&*)LAR (�&� . 
&s

T: 
	*0 C2-7)- 	� RGR �-#(* LAR -#$6 C2-7)- T: 
 �53�� %	F+ =3 �-#(* 5� T$9	�6 5i- NAR I<*	�-� �&8" 

)G�#P 6.(   
`�5�$" �-#(* C2-7)- 	� �T$9	�6 #I"	
:
 �-#(*RGR �53 -#$6 C2-7)- )G�#P 7 .(�� +%	F  5i- =3

�$: 5� 
Y   	:�&�3	) 0- X-#3LAR � NAR ���� .3 �� 
I<*	 �-��&8"  )G�#P 7.(et al. De Grazia) 2006 (

 'g�W =3 #"�53 4�-7?300 *$�+ X5? 
`�5�$" 5�$% 5� 
[89�	* #$%&� C2-7)- @ #�� '/59 C2-7)- � ]!B 

 +8�"*+ �&�. M9&� .��) ��&* �� =�	!* +O2	�" 
Bassocu & Nicola) 1994(=P&? � �  M9&� +\"5)

Vavrina et al )1998( #*Y '9� =�. 
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� �#"0 + .
 � 
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