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Abstract Article Info 

Background and Objectives: The impact of grazing on the carbon cycle in 
mountain rangelands depends on various factors, including management practices 
and environmental conditions. However, the effects of grazing on carbon stocks 
remain uncertain due to challenges in tracking small changes in rangeland carbon 
stocks, lack of baseline information, and limited long-term grazing management 
data. This study aims to investigate the relationships between plant and soil 
parameters and organic carbon storage in a 10-year-old exclosure in the mountain 
rangelands of Asadabad, Hamadan. 
Methodology: Two study sites, one under grazing and the other under a 10-year-
old exclosure, were selected in a manner that minimized the gradient effect of 
ecological and biological factors. Vegetation and topsoil samples were collected 
along two 100-meter transects at 20-meter intervals, resulting in a total of 10 plots 
in each area. Vegetation parameters, including percentage cover, diversity 
(Simpson index), evenness (Shannon-Wiener index), and richness (Margaluf 
index), were calculated using Past 4.03 software. Soil organic carbon, phosphorus, 
potassium, and nitrogen were measured. Statistical analysis was performed using 
SAS V.4.1 software, and the distribution of variables was analyzed using principal 
component analysis (PCA) in Canoco 5 software. 
Results: The findings revealed higher vegetation cover and plant diversity (richness 
and evenness) in the exclosure area. The vegetation cover percentage and species 
count in the grazing area were 35.1% and 127, respectively, while in the exclosure 
area, they were 67.6% and 139. The carbon stocks in vegetation and soil were 
significantly higher in the exclosure area, with values of 83.13 and 74.35 ton/ha in 
the soil surface, and 0.00219 and 0.00273 ton/ha, respectively (p < 0.05). The 
exclosure area exhibited a significant increase in Simpson diversity index (13.83) 
compared to the grazed area (12.63). Additionally, the Margaluf richness index 
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showed a significant increase in the exclosure area. Soil phosphorus, potassium, and 
nitrogen nutrient measurements indicated an increase of 51%, 25.7%, and 15% in 
the exclosure area (p < 0.05). Correlation analysis revealed a significant linear 
relationship between organic carbon and phosphorus (r = 0.55) and nitrogen (r = 
0.80) (p < 0.05). However, no significant correlation was observed between plant 
diversity indices and vegetation organic carbon storage. 
Conclusion: The study demonstrated the positive impact of long-term exclosure on 
soil and vegetation parameters in mountain rangelands (p < 0.05). Exclosure not 
only enhanced plant and soil organic carbon storage but also resulted in increased 
soil nutrient levels, vegetation cover, and diversity and richness indices. The 
significant increase in plant diversity highlights the suitability of the Simpson index 
for evaluating diversity in mountain rangelands. However, the lack of a significant 
linear relationship between diversity index and organic carbon stocks in plants and 
soils suggests that factors other than plant diversity directly influence carbon stocks 
in mountain ecosystems. 
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%�R��� -%�� �  

����  )9J��+  ,  ���a  $�4��  Astragalus 

sp.+Festuca ovina  �Astragalus sp + Acantholimon 

olivieri  .�"�  �k���   	D�  ��  �  `'B  )9J��  �,�	�

�-��%��    2�. ��2S   ��� �"��� �� . ���� ��	M���#�   �,

����1  	#-��'  �	C ��,+  � ��	M  �c"'$ ��, 3K F���$� �	 .  

��"��  B	��  )�'$�4 +  ) &� G �� )9J�� �� �'G'�1  � (

$  L-';   O���4��  )�'$�4+  ,  �Y���  �  ?8�A�a�4    �

	���.+�4  �� ) &� G2 .�"� 
 - )t��� ( 

 
 

 S�)T1: �#����.�� ����� ���  

 i���  )�'$ �"��E F��   )�'$ �3NK F��  

1   ��� �'$   Astragalus parrowinus  

2  )����  Artemisia herba-alba 

3  ������'�  Achillea sp 

4  V�'C  Acanthophyllum  microcephlum 

5 @�Y	�� 
�.  Acantholimon olivieri 

6  )�� M  Alyssum sp 

7  	%-��B  Alhagi camelorum 

8  �!3�; iNK  Bromus tomentellus 

9  F �$ 1$  Centaurea virgata 

10  }"	�- 
�'�E	E  Euphorbia macroclada 

11  &�T�, 	!-  Echinops roustus 

12   �c"'$ iNK  Festuca ovina 

13 	��.  Gundelia tournefortii 

14  ���� )6N,  Sophora alopecuroides 

15  ̂ ��'NE  Phlomis olivieri 

16 �c4 iNK  ��  Polygonum avicular 

17 \5�, 
	,  Lipidium sativa 

18 )��; �'$ +�  Astragalus gossypinus 

19  P'�8�"  Salsola vermiculata 

20  �����C  Secale montanum 

2  ��"� &��  Stipa parviflora 

2  @���7  Thymus kotschyanus 

24   \��  Hultemia persica 

25   [��M'�  Eryngium billardieri 

27  �'4�� 1$  Verbascum phlomoides 

27  ��'�.��B  Cirsium haussknechtii 
 

  S�)T2:  ��.�� 	& &�T�� ��!	�" 'U���  ��-%  

 )�8�J� ��'� )9J��  (��%!4) �Y���   )9J�� 1. {J" )� ����  O��  

 ( �8  �) ��,	�	�A q�9�  46/43  1/3  

 �4��$ a�,Astragalus sp.+Festuca ovina  680 3/49  

 �4��$ a�,Astragalus sp + Acantholimon olivieri  270 5/19  

 U���|%��  37/389  1/28  

1. �Y���  83/1382  100  

 a�,B  a�,A  

 �4��$ L-';  O��   )�'$ F��    O��   )�'$ F��  

8  Astragalus ssp  9  Astragalus ssp  
5  Acanthophyllum  microcephlum  6  Festuca ovina  
5 Euphorbia macroclada  5  Stipa parviflora     
16 )�'$ 	��" �4  25  )�'$ 	��" �4  

34   1. �3G  45   1. �3G  
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QB� 2:  ��, � *�+ ��.�� 	& ����� ���
 )�	&  

  

S�)T 4:   ����� ���
 )�	& �	���  W���#� J
��# � �
&���  

 ��	� � 
@������±   Z�	X��

 ����� 
t df p 

 ����3�� )NO�E95%  

 1M� Y   	|.� Y  

�	C 52/10  ± 1/35  54/10  9 
< 0001/0  

57/27                   63/42  

[	M 2/8 ± 6/67  04/26  9 73/61                    47/73  
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 dB�-   ��	� �  @������±   Z�	X��

 ����� 
t df p 

 ����3�� )NO�E95%  

     1M� Y   	|.� Y  

 

 �'�h3�" 

�	C 06/1  ±63/12  
61/2  18 017/0  

870/11  392/13  

[	M 99/0  ±83/13  123/13  548/14  
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S�)T6.  �
&��� J
��# ��  W���# �Z��� �	�� ��_  

 dB�-   ��	� �  @������±   Z�	X��

 ����� 
t df p 

 ����3�� )NO�E95%  

     1M� Y   	|.� Y  

 

 i8�$��� 

�	C 29/0  ±55/3  
11/2  18 04/0  

344/3  764/3  

[	M 23/0  ±80/3  638/3  970/3  

)��]�
� 
'  �! ��, � *�+�#�� ������B
 ��  

�%B�'�!�  �� 
��c%"� ��  dB�-  �'��--  ��	�   �"�	�  

�	$�   .������@  � dB�-%B�'�! �    �'��- -  ��	�   )9J�� ��

  �	C ��,7347/0  �    [	M )9J�� ��  	��	�7358/0  �"�. ).

���� U�	��T, @�� �"� 
�'�� ��� &� G)7  .( 

  

S�)T7:  �
&��� J
��# ��  W���# �Z��� �	��  ������B
  
 dB�-   ��	� �  @������±   Z�	X��

 ����� 
t df p 

 ����3�� )NO�E95%  

     1M� Y   	|.� Y  

 

�'��- -	���  

�	C 042/0  ±884/0  
06/0-  18 95/0  

855/0  916/0  

[	M 045/0  ±885/0  852/0  916/0  

�]� )� 
�
'   �! ��, � *�+ ��� ?����a�  

 
	�BW ��5�� U��"��� �#G +	4�� �'e6� ���

  @�	.87�    �� @������ �'J� ).  - 
��c%"� {J"  Y�� ��

)� �	C � [	M )9J��&���� ?�,	,3gr/cm  626/1  �696/1  

	�7  . - ����%� )� )G', ���j  8��7 �� 
 �7 �"� )��5  ���7+  

  ��, 	c�E ��5�� ��	���4 +  �	C � [	M+  �,	�   U�	��T,

�����"�  )%-��  ���  )01/0p ≤(    &� G)8�  .(�����@  


 - 
 4���   �	C )9J�� �� 	c�E ppm  76/3    )9J�� �� �

 [	M  ppm  69/5   �  1.  ��  .�"��	%��@   ��  	c�E  �� 9�

 �  ��,  )9J���	��  	%3.  �  [	M�@  �  	c�E �� 9��5    ��

� 
 - �	C )9J���" )05/0p ≤(  &� G)8 .(  

 U�	��T,  	�����  j��%�  H�"�%;  	e�K  �'eB��

����  �"�  
�'�  �	C  ��	� �  	�I�,  ��,  ���)05/0p ≤ ( 

  &� G)8.(  ������@  "�%;�H  �	C )9J�� �� ppm  2/102   �

 [	M )9J�� ��ppm   5/128  � 1. �� .�"��	%��@   �� 9�

 � ��, )9J�� �� 	c�E�	� �  	%3. � [	M�@   	c�E �� 9�

��5 �"� 
 - �	C )9J�� �� )05/0p ≤(  &� G)8.(   

 

 
 S�)T8:  �(.3 ��� ����� W���#� J
��#  

 	%����;   ��	� �  
@������±  ����� Z�	X�� 

 1M� Y  	|.� Y 
t df p 

 ����3�� )NO�E95%  

      1M� Y   	|.� Y  

 

 	c�E 

�	C 40/0 ±  76/3  1/3  

9/2  

3/4  
74/3  18 003/0  

46/3  05/4  

[	M 57/1 ± 69/5  9/7  56/4  81/6  

 

 H�"�%; 

�	C 19/18  ± 2/102  74 142 
25/2  18 037/0  

4/105  6/151  

[	M 24/32  ± 5/128  77 184 18/89  2/115  

 

 �_�	%�� 

�	C 011/0  ± 146/0 124/0  160/0  
77/3 18 001/0  

137/0  154/0  

[	M 014/0  ± 168/0  142/0  190/0  157/0  178/0  

  

 

����5  �_�	%��  \�B  5��  	�    	I� U�	��T, �	C ��	� �

����  �"�  )%-��  ���)05/0p ≤(    &� G)8 .(  ������@  

�_�	%��    �	C  )9J��  ��ppm  146/0 [	M  )9J��  ��  � 

ppm168/0  �  .�"����5  �_�	%��    ��,  )9J��  ��  \�B

 ��	��  [	M   ��  ��� Z�%B��+���  �  �� 	%�� 
 - �	C )9J��

�"� )05/0p ≤(  &� G)8.(     
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)� ?��]�
 �
'  ��, � *�+�  �� �! $%��� �� ��  !�" �  

  @�	.  
	�BW87  \�B  �  �4��$  L6�  ��  ��  �


�� ��  j��%� ).  - +	�$  
 �7 �"� )�  2�"� 	�  ��  O��

 +	4�� �'e6� F	G � 
��$ V�B ��� 	���9� �� 
��c%"�

)�'3�  y3K  ��  \�B  ��%!4  	�  @,  �� 9�  )�  1� �,  +	�$

  . � - 1� �, 

   !�" ������� ����� ���
 �  

  @�	. 
	�BW �� 9� ). ��� ���� 	k�Y y�9�, j��%�

 ��, �,	� )� ���� 
 - [	M �,	� �� �4��$ L-'; �87

  )%E�� L��5E� �	C  ��, )9J�� �� �� 9� @�� @������ .�"�

 �	C00219/0   �87 @�	. @������ [	M �,	� � ��%!4 	� @,

  �4��$ L-';00273/0  j��%� .�"� ��%!4 	� @,  1O�Y  ��  

)���9�  @������  ��5��  @�	.  �87  L-';  �4��$  ��  �,	�  

 [	M  �   ��,  �	C   �.�Y  ��  �7  �'�  ).  @��   ��  )9J��  ��'� 

)�8�J�  Z�%B�  �������� �'G� +��� )05/0p ≤(    &� G)

9.(     

   !�" ������� �(.3 ��� �  

  �	C )9J�� �� \�B �87 @�	. @������35/74    �� @,

  �87 @�	. @������  [	M ��	� � ��, )9J�� �� � ��%!4

  \�B13/83    ��5��  @�	%���  1.  ��  .�"�  ��%!4  ��  @,

 @�	%3.  � [	M  ��	� �  ��, )9J�� �� \�B �87  @�	.

9� �"� 
 - �	C )9J�� �� \�B �87 @�	. �� )05/0p ≤ (  

 &� G)9.(  

 

  

  S�)T9: ���
 ���  !�" ����� W���#� J
��#  ��� � �����  

 �87 @�	.   ��	� �  
@������±  ����� Z�	X�� 

 1M� Y  	|.� Y 
t df p 

 ����3�� )NO�E95%  

       1M� Y   	|.� Y  

 

L-'; �4��$  

�	C 0006/0 ±  0022/0  0016/0  0034/0  
24/2  18 038/0  

0017/0  0026/0  

[	M 0004/0  ± 0027/0  0021/0  0036/0  0024/0  003/0  

 

 ��J" \�B 

�	C 29/6 ± 35/74  24/63  54/83  
77/2  18 012/0  

85/69  86/78  

[	M 78/7 ±  13/83  58/68  91/92  56/77              70/88  

����� C��% �X��d2��  ����� ��  !�" ����� �
�3 � �  

)��'D��    �  �4��$  L-';  +�4	%����;  �����  �"�	�

H%��"'.� �� �87 @�	. 
	�BW 	� \�B  1�N�, 
��,	� +�4

  F K  	�����  1�N�,  @��  j��%�  . -  F�X��  ��%��34

����dB�- �JB ��%��34 +��� �%B�'�!�  
b'�, +�4

  \�B  �  �4��$  F� ��  ��  
 -  
	�BW  �87  @�	.  ��  ��A  �

  \�B 
	�BW  @�	. 	�  	I'� +�4	%����;  �#�,  .����  ��J"

 ).  �%�4 \�B �_�	%�� � 	c�E 	O��K ��J")�?�,	,  r 

��  	��	�  �JB  ��%��34  55/0    �80/0   {J"  ��  �  �"�

01/0 ����  �%�4 ��� &� G)10.( 
 

 

 S�)T10 :  ���  !�" ����� �! ��� � ����� ���
 �������	�
 �.� �X��d2� W���#� J
��#  

 �87 @�	.   
���7   	c�E  H�"�%;  �_�	%��  b'�,  �%B�'�!�   ��A  

 �4��$ L-'; r 64/0  011/0  3/0  17/0  134/0  1/0  

p 11/0  96/0  1/0  45/0  57/0  67/0  

 ��J" \�B r 55/0  15/0  80/0  3/0  136/0  192/0  

p  **0/01 51/0  **<0/0001 19/0  56/0  41/0  

  Q�H(%�#�� ��"��
  ?����a� �!  e�d%	�  	& ����� ���

 � ���  !�"�� � ����  

  5�8��7L-';  ?�.	,  �  L�.�	;  q��,��  ��  �4��$

  @�	. � \�B U��O'eB  f�� �� 
��c%"� �� 
��$ �87PCA  

��  ����)c8'�   4�  F��#C  �,  &��  +�493/72    O��

��  )�G',  ��  �4��$  L-';  U�	��T, &��  )c8'�  ).   ��.

  �� Y36/27  �� )�G', �� U�	��T, @��  O��   �.)  &� G

11.(  @��p34  
�%��j  T%�  f��	���4	+  ���J�    	�����
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%��34��    �"'%��%��34  )�-)�  �'��. F��#C  )c8'�  �

  &����5879/0(  )c8'��4  
��� �� �4+  ���J�  �"�  )  &� G

11.(  

  

  

 
 

T S�)11: E�	 	& �� �\�f� 6� g
 �� �! e�!�� h#�
	�� 	�)�� PCA  

 )c8'�  
 
:�� �� 9�  ( O��)��3X, ^������      

 )�-��'��. ��%��34 )Pseudo-canonical 

correlation (  

 &�� 27/0  36/27  33/0  

 F�� 18/0  55/45  46/0  

F'" 13/0  54/59  62/0  

 F��#C 13/0  93/72  58/0  

 

  ��%��34 	����� �J��� +�4	��T%� L�.�	; 1�N�,

  U�	��T,  .�"�  \�B  H�"�%;  U�	��T,  ��  &��  )c8'�  �c��

  � 	�� !� �� �%�|� ��%��34 \�B �_�	%��  � �87 @�	.

  @�	. � \�B 	c�E U�	��T, . ���� &��  )c8'� �� @��p34

  1�N�, F�� )c8'� �� � 	�� !� �� �%�|� ��%��34 
��$ �87

PCA   ����     ����)  1!-3 .(  )�'$  L�.�	;  1�N�,  +�4

 ��  ����  �J���  +�4	��T%�  �  �4��$a�,  ��   4�  +�4

  )9J��  ��  
 -  ���"��-  �4��$Astragalus 

sp.+Festuca ovina  �Astragalus sp + Acantholimon 

olivieri    ��%����  \�B  �_�	%��  �  �87  @�	.  U�	��T,  )�

  	O��K @�� L��5E� �� �  ����)�'$ �'sY &�3%Y�  �'.]� +�4

��  	%���)�'$  �'sY  .�'-  �4��$  +�4Centaurea 

virgata  
Artemisia herba-alba  
Stipa parviflora   �

Centaurea virgata    �87 @�	. ��5�� �� ��|� ��%��34

����  	c�E  �  
��$  )  1!-4.(    1�N�,  j��%�  )�  )G',  ��

 )c8'��NO� +�4
  I�, 1��K @�	%3#� 	c�E  �����	E 	� ��]$	�

)�'$�"� 
������ @�� �� �4��$ +�4 ) 1!-4.( 

 

 

  
QB� 3: i�3� �! ���� � ��� ����� ��)�"��
 �\��� Q�H(% �H�� ��� 
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 QB�4 : ��"��
 	�&�2#�#������� ��� &	�� ��.�� 	& �.�(� ?����a� �! e�d%	� 	& E�	 6� �&�\�3� �! �-��.� PCA  

 

 ���� �K��# � j(!  

�� ��D%��  ).  �'J��34  �E� �%�� j    )�8�J�  @��  	�����

���� L��5E� ���  ����5  $ L-';  O�� �4� �    [	M )9J�� ��

 )� ���� .�"� 
 - �	C )9J�� +�	C7  ��'� )9J�� �� ���

)�8�J�
  $ L-';�4��    \�B � .�"� 
��� ��	M 	�I�, ��, ��

  q�9� �B	�  	I� 	�
	#�  +���	�q	c�  )�  	6, U -�?    
 -

� �� ����5 $ L-';�4�� )%"�. 
 -  � U�	I� .�"��	�%� 

8', � U�� B 	� �,�	��U�   ��@  "'.��H%��4   ��'� )��34

  � �"� 
�'� )G',L4�:; ��+�4  � �%�+  "�	� ��'� �   ��	M

)%E	$    .�"���%�j   	�  [	M U�	I�  �'eB�� 	k�Y )�8�J�

L-';�,�	�  @�	.  
	�BW  �  �4��$  9�,  ���U�9    �  '"

  ����!34)2004  
(@�Y�:��  )  ����!34  �1392  
('t�.    �

) ����!342013 � (}��� ) ����!34 �2015�"� )���� (  .

�3�4�	��  ) ����!34 �2016� (�5  �4�:; �� �    L-';  O��

G�,�  4'. )�����    �� Y 
 - [	M )9J�� �� ��5/2   	��	�

��	%�   A  �,	�  ���	  . ��	.  F�K�  [	M+���!�  34  � ����! 

)2006(  5��    ���V  � &�3- �� L4�:;� �8	  � )��@  %�� )X 

  �"�� �%E�  �5E� ?G'� [	M ).�L  $ L-';  O��� 4��  

� �68 \�B  O�� L4�. ���'-� ).  �C 	4 .���5    �

I�, 
'�����]$	+  ��@   ��	���4    �4�$ � ���� +���� U���#��

 L�; 1��M	�A �� �M��%��"� ����
  ��"�; �� +�4  _'8'.��! �

�3%��"'.� U�� B �   )���G ��$�4� �  �	- ���  ���J�  

	��+  ];�)%E	  .�"�  
 -  )�8�J�  @��  ��   2�"�  	�

dB�-�� 	D�� ��A � �%B�'�!� +�4 	��T, �,	� [	M  "�

����  � ��A  U�	��T, .�"� 
�	!� ��X�� �%B�'�!� �� +���

  )� ���%"� �� �4��$ b'�,dB�-  �'�h3�" � i8�$��� +�4

����  �� .�'� ���7 +	%��� 5.	3, �'�h3�" dB�- ). �X�

)�'$ 	�  �� �, � ���� )���� +�4)�'$ �� +����  )9J�� �� �4

 �%�4  \	%��  �	C  �  [	M
   U�	��T,  `�,���  dB�-  @��

�t5G  �� [	M 5�� U��8�J� �B	� .�"� )9J�� �� 	4 �� 	,

  	�  +	I'�  \	���5E��L  )�'$  b'�,+�  T,  ���	   ?�.	,

)�'$  L��5E� )� )G', �� +� cNK ��$	� @#;�    )8�" �C  ����

),'� ��4��$ )��� +�  ����  )28 .(    
)%-]$ )4�  �C &'� ��

  ���" 2��9� �� � �%� U��8�J�+    	� �	C U�	I� ��'� ��

  � b'�,��A+  $� 4��  ��   - F�X��  ��#G 	"�	"     ���'%�  �,

� U�	��T,  ��� 
��|  c�� �  � �    . �4� {�k', �� U�	��T, F K

�	C U -  ���� �N�� 1��'K �B	�
  �	C ��	� �
    	O��K

  . �%�4 	I'� �4��$ b'�, U�	��T, 	� 
��$ b'� � \�B ���]A

�)&�|� �'�
  �� �"'%� +�	C `'�	� y���� ��  ��   ��',

)�'$ ���M� U� M L4�.  L��5E� �� �4��$ b'�, ?8�A +�4

-0.8 0.8
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Phlomis olivieri
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Cirsium haussknechtii
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 4��� 
  �8�Y�� ).    V�B y����  @�t�;  �%���  �8',  ).

� �"�$ ���'G 	� f���4� �  �"� 	,	I'�)33(  .  	D����   "�

 b'�, 	� ��� �C 	I� [	M 
 - )�8�J� ���%�4'. �,�	� ��

  ��� �  �N��  2��9�  ��  �,	�  �4��$)  &� G5 
  6   �  7( 
  

  ��  �C	4   4�'B 
 4��� 1��M �,��c%� j��%� 	,P�� 2��9�

 �'�)9( . 

H%��"'.�  H#�  U�� B  ��  �!� ?�"	,  ��,	�  +�4

� ). �"� @�	. ) � 
'98�� 1����%; �,�	� ��"� �NK  �� ��P�

  
	�BW87 @�	.�� .���� �  7 �'J� [	M )�8�J� @�� �� ). �X�

���� 
	�BW �"� 
��� L��5E� �� �4��$ L-';  O�� +���

87  @�	. �'J�  5��  ��J"  \�B  �  �4��$  L-';  ��  �

����.�"� )%E�� L��5E� +���  �%� )� )G', ���j   )�  
 �7 �"�

8��7 ���5  ���7 +  
��� �4   ��   L4�:;  F�X��  
 -  ��%� j    ��� ����

� ).���5 87 
����  $ L-';�4� �   � ��, )9J�� ���	��  

) [	M00273/0)� (��%!4 	� @,��� �'��  ���+  ��	%�   ��

�	C ��, )9J��+  ) F��0022/0  (��%!4 	� @,  �� ). �"�
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