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1- Terrestrial ecosystems  
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4-Repeated measure  
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V�l 0�]"��) 92��o� q�3k hM�12 g�� 9���� �� .(

^ K?�J) !3���E�f��3	AR !3���E�f��"�� K?�J g�� �(

)NR
�G@	 K?�J g��  () !W�"�� !G�NMR 0$�D �� (

) Z�� xDL� $L 0��f"�L �D $� 
� 
��	$21   .G� A`��6	 (  

APDL� )1    (  

  

 APDL�))2(  

   

 APDL�))3(  

  

+ 
  ����= /�&����  

0�L���c F����� �� 0G� F�^ !L3M� AD Z#5L �L�2L

 Z��6�  A��d� �3yM	 AD e�� .G� 0��J� q��NlL \��D

0�L� A#��1	 C�M[��  !3	$^ �D ���^ !�3D ��	�� LG"DL ���

T�U3�?35 �!3? !3	$^ �D e����L 
M]��  T3�����L

 ����1	 q�f� �G� �� q�f� 
���D �3yM	 AD .G���U 9#�

A>B�	R�3� �D j�`��L �� I�J V�"B	 F�� V�"B	 F��

 AD �C�M[�� .G� 0��f"�L A2�PE� e����L A��d� $L �
nL�L

9y�a 
���3� A@?�P	 �3yM	 �� I�J qL�"��  �3��3	^ F��

Y��0$LG�L O�l �V�"B	 
���U F��F�L�E� F��1  ��3	

 A#��1	 �3yM	 AD ��� CE�L� !3	$^ .92�U �L�b 0��f"�L

Z��6�  A��d� A��5 .G� A"2�U ��ED C�]���	 A��UGM  F��

��� A"#D �� F��	^F�L�2LSPSS   AB#�20  .92��o� ��d�L

�L C��@�  0��}"	 GM  ��?��^ ��d�L �3yM	 AD C�M[�� j�`�

A>B�	 ����1	A>B�	 �D 
������3E���2 F�� F��


�G@	 
���3�  
D�E�	R�3� �� I�J !W�"�� !G� F��

Af?�	 Z��6� �A@?�P	 ��3	 
nL�L) 
�kL F��PCA ��d�L �D (

 A	���D �� A�k�_ e����	PC-ORD  96�Windows  ��3	
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>��%�  

/?@��!�" ���  

�D h��"� �D rD�P	 R�3� �� C� A>B�	 �LG1	 C��"�

  m� F3"6	 ����1	 C��"��D  A"B�	^  K?�J 
@��	

R�3� �� I�J 9D3l�A["J�� F�� \��$  \�? FL

 �� I�J 
?^ CD�5  9��� F3"6	 .G� 0G���	

R�3�q�f� 
nL�L V�"B	 F��
M@	 F��	^ F�� L� F�L�

A["J�� R�3� A5 
?�_ �� ��LG� !��� \�? FL �3PD


M@	A>B�	 ����1	 R�L�2L AD�dM	 F�L� A"�G��L F��

)pH .G� I�J Hoc ZD�b ����"�  �f#2 �Z5 !W�"�� �(

 ��� I�J !W�"�� AD CD�5 9`#� A>B�	 ����1	 C���i�D

R�3� AD A 3?^  K?�J ���	 �A"B�	^ ���	 
nL�L F��

 �Gc) 9�L� p�>"JL 
�_1 .(  

  

�������� � ������� �������� ���!�" #$��%�� #��  

A>B�	 96� �f#2  !W�"�� �CD�5 
D�E�	 F��

R�3� ��S~��q�f� 
nL�L F��
M@	 F��	^ F�� L� F�L�

A["J�� R�3� .G��L� !��� C��"��D FL�L� \��$ FL

 A5 
?�_ �� �0�3D I�J A"B�]�L�D  A��� efM� ����1	

A["J�� 
nL�L �� I�J CD�5 
D�E�	 0�3"�$ �\��$ �L$

0�3D ����1	 C���i�D FL�L� �3]�L R?�U  \�? C��"��D .G�L

A>B�	 ����1	 AD �f#2  !W�"�� 
D�E�	 0�3"�$ F��

A["J�� R�3� I�J 
?�_ �� A"�L� p�>"JL \�? FL

0�3"�$ 9`#� ����1	 C���i�D FL�L� K?�J ���	 A5 F��

0�3D �f#2 /!W�"��  �f#2 /CD�5 
D�E�	�L C��"�5 .G

 AD ��� !W�"�� /CD�5 
D�E�	 0�3"�$ A>B�	 �LG1	

A["J�� R�3� �Gc) 9�L A"�L� p�>"JL \�? FL2 .(

9y�a 
���3� 9#�^ $L 
5�_ I�J qL�"��  �3��3	^ F��

R�3� A5
�G@	 �� F���S�	 R1� FL A["J�� F�� F$��

 ���^ �� �L��	 F����	 ���}� �D  A"�L� I�J !W�"��

y�a9 F��G�� 
�G@	 !W�"�� A>B�	 � C�L F��

0�L� !��� L� 
��f"	 ZE�) G�L2 g�� �!�"#D�� Z>2 �� .(

R�3� �� I�J !3���E�f��3	^A["J�� F��  \�? FL


M@	 �3PD \��$R�3� ���� $L �"��D F�L� 
nL�L F��

  !3���E�f��"�� g�� A5 
?�_ �� 0�3D A@?�P	 ��3	


�G@	�� K?�J !G�
M@	 F��	^ q�f� !W�" L� F�L�

 g�� ����1	 C��"��D ������ Z>2 �� .�LG� !���

R�3� �� I�J !3���E�f��3	^ R?�U  \��$ �\�? F��

R�3� A5 
?�_ �� �G� 0G���	 �3]�L A"B�	^ 
@��	 F��

0�3D !3���E�f��"�� g�� ����1	 C���i�D FL�L� K?�J  .G�L


�G@	 K?�J g��!W�"�� !G� q�f� I�J F��	^ F��


M@	R�3� C�D �� L� F�L� �� A@?�P	 ��3	 
nL�L F��

 �Gc) �LG� !��� ����� Z>23Af?�	 AD A��d� .( 
�kL F��

R�3� A5 9#�^ $L 
5�_A["J�� F��  \�? 0��3D �FL

9�?�@2 FL�L� �\��$
�G@	  �"��D 
D�E�	 F�� !G�


	 I�J !W�"�� ��i�D�� A5 GM��D  ��i�D ����1	 �D j�`��L

A>B�	Zk�_ �9D3l� �m� F�� C�L 96� I�J F��J

R�3�
	 
nL�L F��R�3� A5 
?�_ �� �GM��D F��

9�?�@2 FL�L� 
�5 �3PD A"B�	^  K?�J 
@��	 F��


�G@	 GM�^�2  
D�E�	
	 F��GM5 !G� AD A5 GM��D

C���� ����1	 Z�?�A>B�	 ��  9D3l� �m� F��

Zk�_
	 I�J F��J ZE�) GM��D3 .(  
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 6��A1:  B�<����)± /?@�� (����� +�)%�
���� �  !�" ����7�� � ���&�� ����E
�
 F-%@� ���  

A>B�	  
nL�L R�3�  AkNJANOVA 

  \�?  \��$  �3]�L R?�U  
�_ A 3?^   9�`?�a �D ���	

Lecokia �Orchis  

Cardamine  

 9�`?�a �D ���	

Fragaria  

 �LG1	F 
M@	 -

F�L�  

(Gk��) C�  d  68/0±06/21 cd  97/0±53/22  bc  97/0±06/25 b  24/1±20/27 a  67/1±80/34 a  64/1±86/37 365/29  000/0  

(Gk��) 9���  55/1±80/39 27/1±20/41  91/1±00/42 62/1±26/43 37/2±53/40 72/1±46/39 644/0  666/0  

(Gk��) m�  a  39/1±13/39 a  93/0±26/36  b  16/1±93/32 c  72/0±53/29 d  09/1±66/24 d  74/0±66/22 940/38  000/0  

9D3l� F3"6	%)(  a  68/0±11/22 a  68/0±45/21  b  01/1±84/17 bc  60/0±08/16 c  41/0±52/15 d  52/0±75/10 199/38  000/0  

) A"�G��LpH(  a  07/0±99/6 d  12/0±15/6 cd  09/0±29/6 bcd  11/0±42/6 bc  13/0±59/6 ab  14/0±75/6 996/6  000/0  

 
?^ CD�5(Gk��)  29/0±08/4 35/0±20/4 33/0±73/3 26/0±82/3 29/0±56/3 21/0±19/3 528/1  190/0  

) Z5 !W�"��%(  a  02/0±40/0 ab  02/0±37/0  b  02/0±32/0 c  01/0±26/0 c  02/0±23/0 c  01/0±21/0 109/16  000/0  

 AD CD�5 9`#�

!W�"��  

c  36/0±96/9 bc  47/0±24/11 b  43/0±37/11 a  60/0±41/14 a  41/0±65/15 a  50/0±97/14 855/24  000/0  

 Hoc ZD�b �f#2

)mg/kg(  

a  18/2±65/31 b  31/1±77/26  c  19/1±98/21 d  08/1±80/17 d  71/0±25/15 d  82/0±97/14 342/26  000/0  

 Hoc ZD�b ����"�

)mg/kg(  

96/6±67/329a a84/5±00/304  b  68/10±20/258 c87/11±27/205 c  08/17±93/186 c40/12±40/180 539/30  000/0  

  

 6��A2:  B�<����)± /?@�� (����� +�)%�
���� �  !�" �HI� � #$��%�� 8B��' ������� ����E
�
 F-%@� ���  

A>B�	  
nL�L R�3�  AkNJANOVA 

  \�?  \��$  �3]�L R?�U  
�_ A 3?^   9�`?�a �D ���	

Lecokia �Orchis 

 Cardamine  

 9�`?�a �D ���	

Fragaria  

 �LG1	F 
M@	 -

F�L�  


��	) A��� efM� F� ��U

 �� I�J ��U �� CD�5 G�#5L

($�  

b  09/0±18/0 a  01/0±22/0 bc  01/0±15/0 c  01/0±12/0 d  00/0±05/0 d00/0±03/0 180/42  000/0  


��	) A"B�]�L�D efM� F� ��U

 �� I�J ��U �� CD�5 G�#5L

($�  

ab  11/0±92/0 a  08/0±03/1 b  06/0±79/0 b  07/0±72/0 c  05/0±49/0 d06/0±15/0 982/42  000/0  


��	) CD�5 
D�E�	 0�3"�$ -

  (��U3��5 �D ��U  

a  80/18±19/18 a  39/18±17/19 a  99/9±24/173 b  54/11±24/13 c  41/3±56/81 c  28/3±27/65 976/32  000/0  

 !W�"�� 
D�E�	 0�3"�$


��	)  (��U3��5 �D ��U  

a  06/2±82/25 b  15/1±03/21 b  34/0±55/18 c  14/1±53/14 d  25/0±57/8 d31/0±50/6 734/105  000/0  

!W�"�� / CD�5 
D�E�	 0�3"�$  b  56/0±05/7 a  44/0±14/9 a  54/0±37/9 a34/0±44/9 a  34/0±53/9 a  30/0±07/10 824/8  000/0  
 �f#2 
D�E�	 0�3"�$


��	)  (��U3��5 �D ��U  

a  05/3±26/32 b  67/1±73/22 c  03/1±60/16 cd06/1±20/13 d  84/0±40/9 e47/0±26/4 289/72  000/0  

�f#2 / CD�5 
D�E�	 0�3"�$  b  37/1±06/7 b  97/0±15/9 b  59/0±69/10 b  14/1±00/11 b  94/0±57/9 a  96/2±21/19 541/19  000/0  
�f#2 / !W�"�� 
D�E�	 0�3"�$  b  15/0±95/0 b  08/0±99/0 b  07/0±17/1 b  11/0±18/1 b  08/0±00/1 a27/0±89/1 131/14  000/0  
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 4��2: �J-* ������ �
�0�) K�����= ���F  =45/3 �3�� � = ��
 030/0 �
�0�) R
�%�� �(F  =32/8 �3�� � = ��
 050/0 �  !�" (

����.�E
�
 F-%@� ���  

  

 6��A3: B�<����) ������± T�� (����� +�)%�
 8#��9���H����= U�" �������� � #��9���H��%������ �  !�" #$��%�� #�� ���

�E
�
 F-%@�  

A>B�	  
nL�L R�3�  AkNJANOVA 

\�?  \��$  �3]�L R?�U  
�_ A 3?^   9�`?�a �D ���	

Lecokia �

Orchis  

Cardamine  

 9�`?�a �D ���	

Fragaria  

 �LG1	F 
M@	 -

F�L�  

 !�"#D�� !3���E�f��3	^ K?�J g��


��	) �D ��U($� �� ��U3��5  
a  03/0±29/0 a  03/0±26/0  ab  03/0±22/0 b  02/0±18/0 bc  01/0±16/0 c  01/0±09/0 767/6  000/0  

 !�"#D�� !3���E�f��"�� K?�J g��


��	)($� �� ��U3��5 �D ��U  
  05/0±22/0-   03/0±20/0-    03/0±23/0-   02/0±18/0-   02/0±19/0-   02/0±11/0- 559/1  181/0  

K?�J g�� 
�G@	 !W�"�� !G�


��	) !�"#D��($� �� ��U3��5 �D ��U  
  01/0±07/0   01/0±06/0    00/0±00/0-   00/0±00/0-   00/0±02/0-   00/0±01/0- 798/0  554/0  

 ����� !3���E�f��3	^ K?�J g��


��	)($� �� ��U3��5 �D ��U  
a  03/0±23/0 a  01/0±21/0  a  01/0±19/0 b  01/0±11/0 c  00/0±04/0 c  00/0±00/0 462/25  000/0  

 ����� !3���E�f��"�� K?�J g��


��	)($� �� ��U3��5 �D ��U  
b  03/0±24/0- b

  03/0±21/0-  
b  01/0±21/0- b  01/0±17/0- a  00/0±08/0- a  00/0±06/0- 873/9  000/0  


�G@	 K?�J g�� ����� !W�"�� !G�


��	)($� �� ��U3��5 �D ��U  
  00/0±01/0-   00/0±00/0-    01/0±01/0-   02/0±06/0-   01/0±04/0-   00/0±05/0- 907/0  481/0  
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 4��3: ���� ����� ��(��/?@�� 8�E
�
 �������� ������  � ������� 8����7�����&�� ���4�-V� �  !�" #$��%�� #��PCA  

 = +W�� �
�0� :6�
 /HX�)76/11 = 4��[ �� �\�3%� ]����
� �^�  801/86 = ��7�� ]����
� �^�  801/86  = +W�� �
�0� :K�  /HX�  �00/1 8

 = 4��[ �� �\�3%� ]����
� �^� 17/7 = ��7�� ]����
� �^�  818/91.(  

/��%� � `V�����  

����� ���!�" �������  

�#���U�L�E�	 
���L R1� AD Ac3� �DI�J F�� F$

 9��#_ C�M[�� �
�Loa �k�M�  !W�"�� �CD�5 AJ�  ��

!^9�?�@2 �I�J x�L�� qL���}� AD 9`#� �� 
D�E�	 F��

0�]��� �� I�JKJ�� !L3M� AD 
@�`l F�� F��

0G� 
2�@	 I�J F��E���) G�L27�� .(
���D �D �"�L�F�� 

) C����4  24 ���}� A5 �L� !��� �n�_ R��� h��"� �(

R�3� X3�Ay_N	 ZD�b qL�SL 
nL�L 
���U F�� �D FL


U��A>B�	 0��3D �I�J F�� 
���3�D  
D�E�	 F��

 efM� $L Zk�_ h��"� AD Ac3� �D .G��L� I�J 
�i�D A�i

0�]��� �� (A"B�]�L�D efM�  A��� efM�) 
D�E�	 F��

	
	 �V�"B 9�?�@2 A5 ��5 O�P	 L� ���"_L C�L !L3�
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