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��$� 2- Q������ ± (��'9� ���?� 4�RS ��!D/7@7D��E �!��7M��T � �!D/7@7E�7� U�  0�!-7M �C��D B%M MV��5 W�RM�� )� X>- ���D � <=>&� �D��E��F� � �5�4� 8 �='� ,T�1  

Q!���  
����
�Z ± +
X!%� S��,
  gc$ �S��,�#8 

:�W  
!6�:  �� �# 
!$�  

!$�  f
.�,�  
!$� × f
.�,�  

�$ ��XY �
.�,��  
���Z(��  ��
(��  (��[
�  
=���9�� a )F.W. mg/g(  4/09±0/04 4/1±0/06 4/1±0/08 4/11±0/04 4/07±0/06 ns ns ns 

=���9�� b )F.W. mg/g(  2/3±0/18 2/26±0/13 1/93±0/18 2/46±0/14 2/45±0/21 ns ns ns 

=���9�� �9 )F.W. mg/g(  6/39±0/21 6/36±0/15 6/03±0/22 6/56±0/14 6/53±0/26 ns ns ns 

(�i����,
9 )F.W. mg/g(  1/3±0/04 1/1±0/01 1/19±0/04 1/23±0/05 1/19±0/06 ns ns ns 

?[
�
9 )U/ml(  160/12±22/08 84/08±19 132/13±31/75 86/21±20/57 147/96±28/33 ** ns ns 
69���?�(� )U/ml(  0/15±0/01 0/13±0/01 0/15±0/01 0/14±0/01 0/15±0/01 * ns * 
(�69����$?
���6�# )U/ml(  23/04±1/85 22/46±2/97 14/28±1/48 22/82±2/57 31/16±2 ns *** ** 

��= )F.W. µg/g(  97/58±2/88 144/23±6/55 115/7±8/45 121/25±9/88 125/77±11/23 *** ns ns 
8
�(�V  ���� )D.W. µg/g(  492/41±59/27 624/3±74/4 590/58±59/95 680/65±85/7 403/83±84/77 ns * ns 

Z�	��� )F.W. µg/g(  1/48±0/12 1±0/12 1/32±0/18 1/29±0/17 1/1±0/14 ** ns ns 
gc$ R�� )2cm(  55/37±1/81 44/75±1/22 52/89±2/25 51/08±2/09 46/02±1/57 *** * ns 

>�
Uk R�� )mm(  0/13±0 0/18±0 0/16±0/01 0/17±0/01 0/18±0 *** *** *** 
b9��� ��?�,8
� gc$ ����
� )2mm no.(  188/84±4/73 174/85±4/91 175/54±6/13 171/08±5/91 199/13±5/13 * ** ns 

 �Y ��?�, gc$ ����
� )µm(  29/01±0/29 32/26±0/3 30/17±0/48 30/47±0/42 31/31±0/37 *** ns ns 
b9��� s�98
� +(]8� gc$ 
����� )2mm no.(  76/87±0/61 72/39±0/71 76/32±0/81 74/95±0/87 72/54±0/87 *** ** *** 

>�
Uk  �@���9  ��$8
� ��[
� )µm(  4/7±0/12 4/35±0/09 4/48±0/14 4/76±0/14 4/33±0/1 * * ** 
>�
Uk  �@���9  ��$8
� ����
� )µm(  3/23±0/13 2/69±0/1 2/84±0/13 2/8±0/14 3/24±0/17 ** * ** 

>�
Uk  ��$8
� A,(��� ��[
� )µm(  20/19±0/52 23/04±0/41 21/44±0/64 21/96±0/69 21/47±0/48 *** ns ns 
{��  ��$8
� ��
�#�� )µm(  9/22±0/16 9/27±0/17 8/84±0/18 9/86±0/19 9/04±0/21 ns *** *** 

>�
Uk  ��$8
� ��
�#�� )µm(  70/43±1/56 70/75±1/48 64/44±1/35 69/52±2/12 77/96±1/47 ns *** ** 
>�
Uk  ��$8
� �"�.$� )µm(  64/96±1/43 66/88±1/57 60/36±1/54 64/78±2/03 72/78±1/46 ns *** ** 

>�
Uk R,R�� ��
�� )µm(  1100/3±18/9 1054/8±19/8 1006/9±18/8 1091/2±27/2 1135/2±21/4 ns *** ns 
>�
Uk  ��$8
� b����,
� ����
� R,R�� ��
�� )µm(  139/89±4/4 134/19±4/94 133/84±6/44 126/72±4/68 150/78±5/48 ns ** ns 
#�(S�  ��$8
� b����,
� ����
� R,R�� ���
�(  4/95±0/14 4/87±0/14 4/8±0/16 4/52±0/16 5/41±0/17 ns ** ns 

*** �S��,�#8 ,# gc$ �Y��
� 9/99 �(�,# ** �S��,�#8 ,# gc$ �Y��
� 99 �(�,# * �S��,�#8 ,# gc$ �Y��
� 95 �(�,# ns ]��S���,�#  
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8!9 2- �:OD�0�1 �!��7M��T U�  0�!-7M �C��D  

A� B � C: �7�-0�1 6�$�P� ��&�D�P D: U�U�  ������ E: �Y&ZP AbStD: [2��M <�)��0�1 X>- ��&�D�P AbStL: �7\ <�)�� X>- 

��&�D�P DAbGTr:  [2��M]�2 ($�0� X>- ��&�D�P:AbGTr  ]�2 ($�0� X>- ��&�D�P Par: �7�-0�1 [������P U�U�  ������ 

AdCo: �7�-0�1 [����2 �D^�  U�U�  ������ AbCo: �7�-0�1 [����2 �&�D�P U�U�  ������ Scl: �7�-0�1 �[������!-� Pi: 

�7�-0�1 �0�F� Cr: ���'_D�2 Ph: $��T �G! T Xy: $��T �� 7` AdCu: �7!�M72 �7�-0�1 ��D^�  AbCu: �7!�M72 �7�-0�1 ��&�D�P 

AdE: �7�-0�1 6�$�P� ��D^�  AbE: �7�-0�1 6�$�P� ��&�D�P Pa: �7�-0�1 ���� ��� Sp: �7�-0�1 �a&R-� � VB: <'-�0�1 0$��T.  
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��$� 3- ��$=� (OD� � b��D��� 24 BRS ��7� �-��  0��  B�1 <R@c� �� N�� <D�aM <  <R@c�0�1 ��S�  

  �.	E�  ��  �.	E� A�#  �.	E� A�$  �.	E� A,
By  �.	E� b"��  �.	E� b�%  �.	E� b!.�  �.	E� b!��  

,�(�� +���  241/5  24/4  199/3  348/2  665/1  393/1  984/0  864/0  

`�
�,�� Z��X�+(% )�,#((  7/21  7/17  3/13  8/9  9/6  8/5  1/4  6/3  

`�
�,�� �S�"� )(�,#(  7/21  4/39  7/52  5/62  4/69  2/75  3/79  9/82  

  
  
  

  
  

8!9 3- <'-�0$&  4�RS �!D/7@7D��E� �!��7M��T � �!D/7@7E�7� U�  0�!-7M �C��D �  <R@c�0�1 ��� � 6�� �� N�� M<D�a <  

<R@c�0�1 ��S�  

a Chl: 8�E���2 a� b Chl: 8�E���2 b� Chl Total: E���28� �82 Car: �$�d7&M���2 CAT: �)^�M�2 POX: �)�$�_2��P SOD: 

)�M7�_D�$�_2��P7-� Phe: �8&E Ssugars: 0�1$&C ��7�%� Pro: �Q�@��P rLeA: X>- �U�  LeTh: B���� �U�  AbStD: [2��M <�)��0�1 

X>- ��&�D�P AbStL: �7\ <�)�� X>- ��&�D�P AbGTrD: [2��M ]�20�1 ($�0� X>- ��&�D�P TAdCu: B���� �7!�M72 �7�-0�1 

��D^�  TAbCu: B���� �7!�M72 �7�-0�1 ��&�D�P TAdE: B���� �7�-0�1 6�$�P� ��D^�  WP: e� �7�-0�1 ���� ��� TP: 

B���� �7�-0�1 ���� ��� TS: B���� �7�-0�1 ��a&R-� TV: B���� U�U�  ������ TVAbPar: B���� �7�-0�1 [������P 

�&�D�P U�U�  ����� � NAbParV: ��$?M �7�-0�1 [������P �&�D�P U�U�  ����� �!D/7@7E�7� � �!��7M��T ��!D/7@7D��E 4�RS .

< K�� �  f�M�M($9 g��� ��- � �!�� ����C 0�1.$�� 
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�!D/7@7E�7� � 8��7 67 �'"�&9 

b Chl: 8�E���2 b� Chl Total: 8�E���2 �82 CAT: �)^�M�2 POX: �)�$�_2��P SOD: )�M7�_D�$�_2��P7-� Phe: �8&E Ssugars: 

0�1$&C ��7�%� Pro: �Q�@��P rLeA: X>- �U�  LeTh: B���� �U�  AbStD: [2��M <�)��0�1 X>- ��&�D�P AbStL: �7\ <�)�� 

X>- ��&�D�P AbGTrD: [2��M ]�20�1 ($�0� X>- ��&�D�P TAbCu: B���� �7!�M72 �7�-0�1 ��&�D�P TAdE: B���� 

�7�-0�1 6�$�P� ��D^�  TP: B���� �7�-0�1 ���� ��� TS: B���� �7�-0�1    ��a&R-� TV: B���� U�U�  ����� � 

TVAbPar :B���� �7�-0�1 [������P �&�D�P U�U�  ����� � NAbParV :��$?M �7�-0�1 [������P �&�D�P U�U�  .�����  
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Abstract 

     The effects of ecological factors and their interaction on quantitative changes of 10 
physiological, 12 anatomical and two morphological traits of leaves in six different populations 
of Caucasian alder (Alnus subcordata C.A.Mey.) in the west (Guilan province) and east (Golestan 
province) of Hyrcanian forests were examined and statistically compared in three altitudinal 
ranges of lowlands, midlands and highlands. Two-way analysis of variance was used to 
investigate the effect of ecological factors in the region (temperature and precipitation) and their 
interaction on the studied variables. The principal component analysis (PCA) was used for the 
correlation between leaf traits and the relationship between environmental factors. The activity of 
catalase, peroxidase enzymes and proline were significantly different between the two provinces 
and showed an increasing trend from west to east. In addition, the amount of phenol in the site 
located in Golestan province was about 1.5 times that of Guilan province. There was no significant 
difference between the levels of superoxide dismutase activity and the amount of soluble sugar 
between the two provinces. Superoxide dismutase showed an increasing trend from lowlands to 
highlands, but the amount of soluble sugar increased from low altitudes to midlands and decreased 
in the highlands. There was no significant difference in the amount of chlorophylls a and b, total 
chlorophyll and carotenoids between the two provinces and at different altitudes, as well as the 
effects of the interaction of ecological factors on them. The most important morphological and 
anatomical adaptations to drought included increased leaf thickness, stomata density and length, 
abaxial cuticle thickness, epidermal cell thickness, thickness of palisade cells, thickness of spongy 
cells, middle vein thickness, thickness of vein abaxial parenchyma cells and number of abaxial 
parenchyma layers of vein. There was a correlation between most leaf physiological as well as 
morphological traits and ecological factors. The results of analysis of variance and the interaction 
of ecological factors on some anatomical features of Caucasian alder leaves were significant. It 
seems that the anatomical adaptations that are formed in plants over a long period of time are 
more appropriate indicators for measuring drought stress in plants. 
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