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Abstract Article Info 

Background and Objective: Predictive models of plant species distribution are 
essential for assessing, restoring, protecting, and developing rangeland ecosystems. 

Understanding the ecological factors influencing plant composition, species 

response to environmental changes, and the potential of target species in specific 
areas is crucial for effective habitat management. This study employed multivariate 

analysis to identify ecological factors affecting plant composition, analyze species 

response to environmental changes, and determine the potential of Astragalus 

retamocarpus in Mazandaran Province's rangelands. The findings will contribute to 

recommendations for utilizing this species in rangeland improvement programs in 

similar habitats. 

Methodology: Vegetation sampling was conducted using a systematic-random 

method from 2016 to 2018. Five transects with equal distances between them were 

established, and six plots (2*2 meters) were placed on each transect. The vegetation 

study included measurements of canopy cover percentage, species density, litter 

percentage, bare soil percentage, and stone percentage within the plots. Soil samples 

were collected from the top 0-30 cm depth and analyzed for physical and chemical 

properties in the laboratory. Average annual rainfall and temperature data were 

obtained from weather stations. Detrended Correspondence Analysis (DCA) was 

performed to investigate the relationship between environmental variables and 

vegetation cover. A generalized additive model was utilized to predict species 
response to environmental changes. Canoco software version 4.5 was used for data 

analysis. 

Results: Astragalus retamocarpus was found to thrive at elevations ranging from 
1800 to 2800 meters above sea level. The habitat exhibited electrical conductivity 

values of 0.98-1.1 ds/m, pH levels of 7.5-7.73, lime content of 1.6-2.6%, soil 

organic carbon ranging from 2.01 to 6.85%, nitrogen content of 0.28-0.54%, and 
loamy sand soil texture. Among the 22 primary variables studied, six variables were 

identified as significant factors influencing vegetation changes in the habitat. These 

factors, including litter percentage, clay percentage, slope percentage, average 

annual rainfall, organic carbon percentage, and phosphorus content, explained 

36.3% of the variation in vegetation. The species exhibited a monoexponential 

response to variables such as sand percentage, silt percentage, electrical 
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conductivity, altitude, average annual rainfall, and temperature. Conversely, the 

response to variables such as aspect, bare soil, stone, and gravel indicated a 

decreasing trend, with increased factors leading to decreased abundance and 
vegetation cover percentage. The response to variables such as organic carbon 

percentage, litter percentage, potassium and phosphorus content followed a 

monotonic increasing model. Lime percentage, saturated soil moisture, and soil 

apparent specific gravity demonstrated a bi-exponential response. 

Conclusion: The generalized additive model employed in this study provides 

valuable insights into the ecological requirements of Astragalus retamocarpus. The 

findings can be utilized in vegetation management and rangeland improvement 
operations in similar areas. This species is significant in terms of high forage 

production and is recommended for increasing vegetation cover in rangelands. 
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3��B 3% ��� .���A. retamocarpus    '� &��FP'�� 3��B �

  .�/�]�'�  "��#�  ��  3H�AE  �
9��  z��9L0�  )16*AE  .(  

&#,%�  �  .���]F�  )2012  (��  ���
���  ��8  #�  &��   3��B 

Astragalus verus   ��  3�X��  .��#H  3�  Q��  3\
/�  ���
0� 

3%  ����E  &��P �C�)    �5�8h�0  �  #J�H ��$�# �0  � 

L��-�  u�,P�  5�8  '�  ����E   #
V����qB  #�  ��#�/0�  3��B   ���� 

.L0�  

 &�
K�)  .���]F�  �  �
�2016  &��  #�  R
���  ��  (

  3��BAstragalus gossypinus  �^��  3%  ��/H����    �s�

�^��  Q�#%  *9)   �   �^��  QP  '� ����E  ��qB#
V��   #�   ��#�/0�  

3��B  ����  L0�. *J�#P  �  .���]F�  )2010(  ��   ���
��� 

��8  #�  &��  3��B  Astragalus brachyodontus   ��  .�/0� 

�
����  3�  Q��  3\
/�  ���
0�  3%  �� ����&��  Q��  3��B   '� 

u�J��� 1100 �� 2200 &#/� '� mX0 &���� ��') ��  *U��� 

3����&  ��  N
P  5  ��  30  �^��   ��  *��F�  ��@!   *��
H�#S!  

�3��-  ���%�#
  ������  *���P  *9�  *B�#/�B  .)  ��  ��@!  

*���!  �  7��!*n#P  #/�
�  .L0�  Z0�/�   *B�����    3�[�0
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�� ����    �.)  385  #/F
A
�  �  ��  Z0�/�  ���  ��  �bH  ����  

17  3!��  */��0 ��#B  L0�  . ~���FE  #�  &��  5�8 &��   ��   LH��  

Z0�/�  *�P*��9  ��  *��9*0�  .���  L������  &��P  �  ��  

pH  *o�8  #/�
�   ����  *���P . 1��/�  ���
���  _�'#H   �  

.���]F�  )2011  (#�  &��  3��B  Astragalus arpilobus    ��  

.�/0�  .�0�#8  *9�FP   .���  *����  3%  Q��  3��B  ��   ���  

.OB#!  3���� �����\�  *E�J���  600  -  500  #/�  '�  mX0 

N
P �����  &��  20  ��  100   �^��  �  Z0�/�  *B�����  3�[�0  

236  *A
�#/�  *B��%�#
  LP��  .5�8&��  3^#E  �� ����  

&����  LH��  �����  Z0�/�  �*��9  ����  *9)  )2/1  �^�� (  �

�^�K &$
8 3/��
0� �G% 32/7  � EC ���+� 30/2 ds/m 

)&��P  G%  (���. 1��/�  �3L0�  ���)  '�  ���
���  &�FK�  �  

.���]F�  )2013(  #�  &��  3��B  Astragalus effuses  ��  

.�/0�  .�\�����)  *�#r  .���  ����  L0�  3%  Q��  3��B   �� 

 *��F�  �'�K   &��  $
��)  .�/0�  '�  u�J���  3579-800  #/�  '�  

mX0  &����  ��')  �  ��   *��F�  ��@!  *��
H�#S!  ����   *�  

��P  .Q
 ��
�   *B�����  ��  Q��  �� ������  223  ��  362   *A
�  

#/�  ���)#�  �P  .Z0�/�  3!�� ���#K  3�[�0  '�  �n��K  6/9 

��  13  3!��  */��0��#B  ���J/�  L0�  .Q��  3��B  Q�#/@�  �P�  

�� �� 5�8 &��  ��  LH�� Z0�/� '� *�P *��9 �� *��9  *0�  

��  3/��
0�  04/8 -  04/7    �  L����  *]�#/]9�  54/0 -

4/0*0�  i�F�'  #�  #/�  LP��  .*0�#�  ����  ��|K   3��B 

����  #Y�   ��   �P�
   *��
B  �� ����&��  }A/��  .)   .���  

��� 3%  �P�
  *!�� Q�� 3��B 4 -2  G%�#� ��^�� 24000 -

7000 3��
  �� ��/]�  �  *����#H .)  70-50 �^�� *�   �P��.  

   #@A% ��
B(Astragalus retamocarpus)   3��B '� *]�  &��

 .�/0�  "��#�  ��  3H�AE  �
9��  �  5�8  LM�JK  ��  G@�

  .�P�� *� .����'��   ���� �� ��EO-� ��,F% 3� 3!�� �� Q��

��  �*��/���%  *K���  ��  3��B  Q��  �R
���  ��  ���J/0�   '� 

&��$
9��)  ��#
S/���T  QFU  Q

+�  ����E  C�D�9�%�   #VW�  

#�      N
%#� ��#

S�  �� *��
B�� ����&��  �.)   3�  *0�#�  

I0�
  3��B&�� *��
B  3�   ��#

S�  ����E*X
��  �  Q

+� 

�
���/
  3��B&��  ����  #Y�  ��  Z��#P  }A/��  �*]�D�9�%� 

3/8��#
  Q���  ��  .�PQFU  3A
0�  L8��P  #/@�   .�
P)  

*]�D�9�%�  ���
B Q�� 3
^�� .��/�  _'[ &�� &�#�  ���J/0�   �� 

3���#�&��  L�#���   �  `O^�  "��#�    ��  �  .����'��  .�/0�

�� ����&��  3����.)  .��� _�\��   

  

C�� � )!����  

 ��7�$� )��� �8$J�  

7��/��  ������  ����  3+9�X�  ��  #�  C�  '�  .�]� &��  

 ��#+�  3�&���  ��   #Y�  3/H#B  �P  3%  3����  *+
0�   '�  

��%�#
  �  ��|K  3��B  ����  ���	
  ��  ��  #�  3/P��    .�P��

 *���! 3���� �� 3��B Q��  �� ���� �@��  ��Y�� Q��  &�#�

  �]P) ���#B 7��/�� .����'�� .�/0� ������ 3An1 3�X�� .(

  ��� *��
H�#S!  ��b/��  ��  ��P  ″12  ′  52  °35    �#E

  �  *9�FP″9 ′  6  °52    ��  *n#P ��-LK���    ���K120  

��/]�    u�J��� ��2800-1800    ��P "n�� ���� mX0 '� &#/�

  .L0�An�
G  3�,-  s�0�  #�   3�X�����&   �Q������     3F
�

  3�[�0  *B�����  Z0�/�  ��  �#0  7�-#�550  *A
�  �  #/�

  3�[�0  &���  Z0�/�11   */��0  3!��  ��#BL0�  �
�  .

3��B  ���P  3+9�X�  ����  3�X��  *��
B  &��Astragalus 

retamocarpus- Elymus hispidus var hispidus- Poa 

bulbosa  L0�  .  
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 1:  %!���&�� %�'�! �) ��7�$� )��� @��� @#�+��  

  

 Q#8�� C��  

 3��F�&���#�  '�  �P�
3� *��
B  (��  C
��F/�
0- 

 *H��b�  )5( �  ��  ��0  1398  _�\��  �P��+9�X�  .  �P�
  

 *��
B    ���P  �^��  e��   �P�
  3��B  ��  ) (��  F��
 Q 

#Y�&  (�   G%�#�  3��B ��  )(��FP  ���+�  �
�3  B 
�� *  ( ��  �8��  

�O
 ��  _�\��   �P  .�fF�
Q  ��  #�  ��O
   �^��   �g#,P[  

5�8  L�9   �  h�0  �  # �0� �$  � 
$  +�

Q  �#B�� .  &�#�  Q��  

���Y��  3/��  3�  N
P   ��#

S�*X
��  ��  �K��   *]�D�9�%� 

)���  ��%�#
 ( �   1�
  L]���#�  3�    ��-1000    ��  �  #/�

  3A^�H240    '� #/���] �#   �� �#E � ��- s�0� #� )��� �   (

��]�  ��#�  �P  .ij0  #�  &��  #�  C�  '�  ��@�)  �P  �O
    3� )

  ��+��2    ��2  ��   (#/�  �^��H  �.��]�  #�/��  ���#B  .�� 

u�F\�  �  30   �O
  ��]�  ��#�    .�P  ��-   L]���#� ���  N0��/�  

��  ��-   �� ����   �  3A^�H   �@�)  L,��  3�  �G�  N0��/�   ��  �#E  

�� ����  #Y���  3/H#B  �P  .3���Y��  *0�#�   #V� 

����E*X
��  #�  ��%�#
  3��B  ����  ����	
  '�  #�  C�  '�  

�O
���  C� 3��F�  5�8  ��  30  ��#]�  )3��F�  N%#�(   RFE '�

0    ��30  */��0 5�8 mX0 &#/�  LP��#�  ���#B   �  i
  '�  

���/��  3��F� ��  3�  ��� ����')  ��
^�b8   *]�$
H   �   *��
F
P  

�@�)  �'����&#
B  �P.    �(&#/����
�  (��)  5�8  LH��

  '�  ���J/0� ��  � u�,P� �B) 3/��
0�pH    ���� �^�� �(#/�

*o�8  �� ����P�^��    C�) �(.�
0�#/
� (�� '� ���J/0� ��)

���n  #J�H  G
0�/
  �(.��9�  (��  '�  ���J/0�  ��)  7q!

���n��/0� (�� '� ���J/0� ��) 7q!Q�#% �(_�
���)  ��) *9)

*]9�� (�� '� ���J/0� -   (�� '� ���J/0� ��) �% �'� �(5O�

  �  (���\%5�8  &#��M  x�b�� .'�   (38�A%  (��  ��) 

�'�����P &#
B  )4  .(   mX0 '� u�J��� ���P *H�#B�
�� ����E

  L,V �O
 #� *��
H�#S! ��@! � Q
�' N
P �^�� �����

L@! #
S/� .���#B *A^� L@! ��@T s�0� #� *��
H�#S!

)90  �180  �270  �360    ���,�  '�  i
  �  LP��#�  �(3!��

���� R,- ��) 3X���1() �P $
9��) ���� �9  .(  

) 3X���1:(  

A`= Cos (45-A) +1 

  .)  ��  3%A�  ��F�')  ����� L@! �  A`�    �����

�,�����P L@! L0�. 

 Z0�/� �3��
9�0 *B����� Q
 ��
� �o� *F
An� ����E

���� '� ���J/0� �� �3�[�0 &����� /��� &��  *0��P��� &��

��  3�  C��$��  �  3+9�X�  ����  R-�  ��+9�X�  '�  ���J/0�  �

.�/0�  ��  ��!�� *0��P���    p��#�)3�  �@9�0&  1982    ��

3+9�X� ���� .��'  (  p�X8 #
Y� �G�  �� $
� ���� � (���  #�

�K��  *]�D�9�%�  LH#B ��#n #Y� �� �3+9�X� ����.    ��b/��

  �� /0� '� ���J/0� �� $
� �@�O
 '� C� #� ��� *��
H�#S!

L
+n��) 7��GPS .���#B t��� (  

L@!  *0�#�  p�,���  &��#
S/�  *X
��  ��qB#V�  � 

*�+����   ��  �P�
 *��
B  �  7��/��  (��  N0���  *X8   �  

�*X8#
r  $
9��)  *�
,X�  s�n&#
B  ��P  )Detrended 
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Correspondence Analysis; DCA  (#�  &��  ����&��  

�P�
*��
B  )����&��I0�
 (�  _�\��  �  ��-  .����#B 

t���  ���#B  . ��  3!��  3�  ��-   .����#B  ����  ���   )3% 

#/B�$�  '�  4  ���(�  '�  (��  $
9��)  *�
,X�*H��+/�   )Canonial 

Correspondence Analaysis; CCA  (3�.���E   (��  

*X8#
r  ���J/0�   �P.    ��  ��EO-�  �
A��  �  3�$\�  ��

 3��B  ��#

S�  N
P  �(��  Q��  '�  ���J/0� R�#-  '�  ��

 3
,P����  &'�0 E  }A/��  Z��#P  L��  �������   �*X
��

*�+� � *0�#�3��B N
%#� Q
� 3X��� &���  &������ � &�

3�&��#
S/�  '�  ���)  L0� .��')  '�  ���J/0�  ��  �*X
��

)  L� ��!Permutation)  �9��%  L���   (Monte Carlo  (

) ���#B *0�#�35 .(  

&�#�  �

 *�
�   I0�
  3��B&�� *��
B   3�  ��#

S� 

����E*X
��  '�  ���  *+F!G
F+�3/H��  )Generalized 

Additive Models  (���J/0�  �P  )31  �8  �36  �14  �  17  .(

) *F/��� 9 ��b�� "��� $
9��)Log link function  �
9� 3�) (

*���� 3]���  � (��P ('�#� .) &�#� Q0�B �]P 3� I0�


)  .�0)�
  �X8  "�'��Poisson error distribution  &�#�  (

���  ('�#�    *+F!G
F+�  LH#B  ��#n  ���J/0�  ����  3/H��

3�) �� �

  &��#
S/�  ('�#�  �
�  '�  7��/!�  ��Y��

3�3�  .(���P  ���  ����  &��#J��  ���^ 3,��  ��Y��  &���

3��B  �#]AFE  #�  ��qB#V�  &��#
S/�  *��EO-�  ��
+�  ���

)  C
y�%)Akaike Information Criterion; AIC3�  �(  ��%

  .�P 3/H#BAIC    .L0� ('�#� *��]
� �\�0 &�#� &��
+�

� Ln� .�
� ���+� .�#% ��#n#� �� ���
+� Q��  *B�
f

 � ��

  &��#
S/�  *H#+�  �  &���)  ���  Q�#/@�  7��/��  3�  �.)

*� CF% �3��B �#]AFE #� ��qB#V�  ����� 3T#� .��%AIC  

 CT�% &��qB#V� &���� �#Y� ���� #
S/� 3\
/� �� ��P�� #�

�P�
 �^��) 3��B �#]AFE #� #/�
�  (u�J��� /�
9�� /*!��

L0�  N0��� ���P 3y��� ��� 3]��� �� ('�#� �� ��� Q�#�

i]E *���� 3��B �F+9�L0� )34  .(&�#� 3�$\� � �
A�� 

���� ��   ��  Q��  _#�  '�  ����  ��$H�Canoco     3���4.5  �

�P ���J/0� )35  .(  

  

 H��'�  

���!  )1(�  Q
 ��
�  *B	��&��  �P�
  mX0  �5�8 

�^��  �P�
   �*!��   ���+�  3��
  ��  ��/]�  �  �
9��  3��B 

A.retamocarpus    �� ��  R-���  ����  3+9�X�   .���  *� ���.  

  

  

���R 1: �	
�� ,#���#� ���	 � S�T U$� BK�� 
��A.retamocarpus   %!���&�� %�'�! �) ��7�$� )��� Q;�J� �) 

  _#B�A
% )s���
�

 3��B (��/]� �� 

 3��B ��/]� �� 3��
 ���+�   �^��  *!�� �P�


 3��B  

 � h�0 �^��

 �$�# �0  

 .��� 5�8 �^��

�P�
  

 g#,P[ �^��   �P�
 �^���% *!��   3��B /.�]�  

1630  4380  06/26  7/18  6/2  4/12  3/66 ������ 3An *���! 3����-   

3�  z��9  &�F
0  �&#��M   �� ����  3��B  ����   �3+9�X�  

3j�  &�����  ��  5�8   G% ~�/,��  RFE  �  ~���FE  '�  &����'�0  

*]�)  �
]��  ��P  L0�  .  ���
B Q��  �� ����  u�J���  3����

2800-1800    &��#
S/� #�����  .L0� ���� mX0 '� &#/�

L����  ���+� 5�8 *]�#/]9�1/1-98/0    #�  i�F�' *0�

  ���+�  5�8  3/��
0�  �#/�75/7    ��3/7  C�)  �6/2-6/1  

Q�#%  ��^��  5�8  *9)85/6-01/2    �'�  ��^��54 /0- 

28/0L0� ���� *��9  *�P  �5�8 LH�� � �^��  .  ���!2   

.��������  Q
 ��
�  ����E*X
��  ����  *0�#�   �� 

�� ���� ��
B  ���� #Y� L0�  . 
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���R  2: �������� 9�#V�WT ,#���#�  ���	 

A.retamocarpus  

 *�� ���� ��
^�b8  Q
 ��
� 

 QP (�^��) 29 /2±4/62 

 (�^��) LA
0 27/8± 8/24  

 (�^��) s� 2± 6/12  

 3/��
0� 16/0± 49/7  

 *]�#/]9� L����)  #� i�F�' *0� (#/� 04/4± 2/10  

 C�) 24/0 ± 20/2  

 (�^��) *9) Q�#% 1/1± 26/3  

 (�^��) �'� 06/0±38/0  

 u�,P� L��-� �^�� 83/0±8/39 

 &#��M x�b�� .'� 07/0±2/1  

 L@! (��F�')) N
P 26/0± 7/1  

 (�^��) N
P  5/14± 6/27  

 (#/�) u�J��� 2/94±2476  

 (�^��) *9) ���� 2±9/4  

#J�H (ppm) 4/1± 38/9  

 ) G
0�/
ppm (  2/32±8/509  

*A
�) 3�[�0 *B����� Z0�/� (#/� 9/7 ± 6/551  

*��0)3�[�0 Z0�/� &��� ( ��#B  9/0± 65/8  

 

*0�#�  #
Vw�  3E�F\�&�  '�  ����E*X
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S/� .���EConstraining 
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Vw�  �qK �  (

�P�
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  *��
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S/�  7��/��  ��P   ���P  �^��  

 3�[�0 *B����� Q
 ��
� �N
P �^�� �s� �^�� �g#,P[  

*A
�)Q�#% �^�� �(#/�#J�H .�$
� � *9)(ppm)  ���/��    .
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  *0�#� /�,F�*  �
Q  �P�
  �^�� *��
B  

A.retamocarpus   D�9�%�  ����E  ��C    .���  �3+9�X�  ����

  �*9) Q�#% �LA
0 ������ *A���E �� 3��B Q�� ��%�#
 3% ���

  L,o� * /�,F� �G
0�/
 � #J�H �*9) ���� �g#,P[ ��'�

  �L�9 5�8 �N
P L@! �5�8 &#��M x�b�� .'� �� �

�  h�0  L@!  �  �$�# �0   N
P ����  *J��  * /�,F�  �

 ���!)3 .(  

�3���  &#
B��%G
F+�  *+F!  �X8  "�'��  ��  3/H��

&��#
S/� '�  C� #� &�#�  �.�0)�
  3% ���  .���  �*X
��

  �#]AFE #� 3+9�X� ���� &��#
S/� #o%�A.retamocarpus   

*�+� �����/��  ���!) 4 .(  

  

���R 3: BK�� 9!�##a� �� �!D	�b! � c�� 
���#a'� �) ���#	

 ���	 <������A.rtetamocarpus  

 ����E *X
��   * /�,F� N�#U    *�+� mX0&��� 

 (�^��) LA
0  326/0  043/0* 

 (�^��) *9) Q�#%  73/0  000**  

 (�^��) �'�  58/0  000**  

 (�^��) L�9 5�8  59/0-  020/0** 

 (�^��) *9) ����  67/0  000** 

N
P L@!  40/0-  012/0* 

g#,P[  43/0  0008/0** 

 (�^��) �$�# �0 � h�0  48/0-  020/0** 

G
0�/
( ppm)  47/0  0003/0** 

#J�H(ppm) 62/0  000** 

5�8 &#��M x�b�� .'�)3(g/cm59/0-  000** 

  

���R 4: ��� C&!�� H��'�c#3�� ��3R �'A���J�� �J##Y� 
���#a'� &! Z� �� �� @Y-��!)-   ���	A.retamocarpus  

 *X
�� #
S/�  F* P*  C
y�%) *��EO-� ��
+�  

QP �^��  5  *006/0  7/793  

LA
0 �^��  1/5  **005/0  4/789  

 (�^��) g#,P[  84/3  *03/0  3/887  

(�^��) C�)  8/9  **001/0  2/648  

 (�^�� )*9) Q�#%  2/16  **00001/0  4/460  

(�^��)�'�  2/11  **00003/0  9/587  

(�^��)5�8 u�,P� L��-�  9/2  *04/0  9/901  

 )5�8 &#��M x�b�� .'�3g/cm (  1/35  **00001/0  9/339  

 (#/�) ���� mX0 '� u�J���  1/3  *04/0  8/889  

N
P L@!  5/5  **004/0  3/787  

 (�^��) L�9 5�8  1/3  *04/0  7/892  

 � h�0 �^�� �$�# �0  4  *01/0  9/840  

5�8 #J�H(ppm)  8/12  **00001/0  8/538  

 5�8 G
0�/
(ppm)  9  **0001/0  663  

 *A
�) 3�[�0 *B����� Q
 ��
� (#/� 5/4  **01/0  822  

*/��0) 3�[�0 ���#K 3!�� Q
 ��
�  (��#B 4/2  *04/0  930  

F  *�+� &�#� ��P 3,0��� .��') ����): ���� ('�#� &���P   ���� ('�#� .��') '� ���) L0�� ��F/K� mX0 �����***�+� � ��^�� C� mX0 �� &���**�+� � 1�
 mX0 �� &���

 �^��  

  

i]E  3�  3!��  ��*�+�  �F+9�  3��B  ���A. 

retamocarpus    ��H  ����E  ��  3X���  �� ����  3�X�� �� �

*���� �3+9�X�  3��B Q�� I0�
L,��    #� 3��C    '�S/�
��#&  

,�

�* �+�*��� �� �]P )3( ���) L0�.  
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  =K3: �J�J����	 ���� .A.retampspecigera  �J�� �J##Y� 
���#a'� &! Z� �� ��  1]#K �V�) 1]#K @�R 1c#��'� 1�e-A 1�!)

  1��\�� �	����� ,#���#� 1��\�� 
��) ,#���#� 1���) U$� &! ?�e��! 1,K 1@�#� 1`� 1�=��'=7! @�!�� 1S�T 
���f g�Wh� %&�

 ?�YK! �V�)  � �'��#�! 1�7^ ,��� 1�7^ <)�� 19&! S�T 
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 ��!)!  =K3  

�P�
  �^��)  3��B  �#]AFE  *0�#�  ����  (*��
B

 �LA
0  �^��  �QP  �^��  &��#
S/�  ��  p�,���  ��  3+9�X�

  *B�����  Q
 ��
�  �����  mX0  '�  u�J���  �*]�#/]9�  L����

  I0�
 3% ��� .��� �3�[�0 &��� Q
 ��
� � 3�[�0 3��B Q��

C�  ���^ 3�  ����E  Q��  #�����  ��#

S�  3�  L,��  *��F�

)Unimodal  QP �^�� ����$H� �� 3% N
�#� Q��� .L0� (

  ��59    ���$H� �� �+� 3� .) '� � *���$H� �3��B I0�
 ��^��

  L0� 3/P�� *���% ���� �#�����  �]P )3 -    �� �7 �` �}9�

D  .(� �    �� �*]�#/]9� L����  ���� ��9/0    i�F�' *0�

  L0�  ����  *���%  ij0  �  *���$H�  3��B  I0�
  �#/�  #�

  �]P)33-7.(     �� �LA
0 �^�� ���� ��22    I0�
 ��^��

  L0�  ����  *���% ij0 �  *���$H�  �3��B  �]P)3-  `.(   

 �� ����� mX0 '� u�J��� 3� 3��B I0�
2550   � *���$H� �#/�

  �]P)  L0�  ����  *���%  ij03- 3�  3��B  I0�
  .(�


� �� 3�[�0 *B����� Q
 ��560 *A
�  ij0 � *���$H� �#/�

)  L0�  ����  *���%�]P  3-  ' .(     Q
 ��
�  3�  3��B I0�


  ��  3�[�0  &���10  */��0  3!��  ij0  �  *���$H�  ���#B

 L0� ���� *���% �]P)3- � .(     

  3+9�X� ���� 3��B I0�
 *0�#�( A.retamocarpus) 

 � h�0 � L�9 5�8 �N
P L@! &��#
S/� �� p�,��� �� �

 ��#

S�  3�  L,��  3��B  Q��  I0�
  3%  ���  .���  �$�# �0

3�  ����E  Q��  #�����)  *���%  ���^Monotonic 

decrease  �  *����#H  �����E  Q��  #�����  ���$H�  ��  �  ����  (

�P�
 �^��*� #/F% $
� �3��B *��
B  ��P  �]P)3   �x  

  �'� .(     �*9) Q�#% �^�� ���/�� �� 3��B Q�� I0�
 �i]E#�

  *���$H�  ���  '�  �#J�H  �  G
0�/
  .�$
�  �g#,P[  �^��

)Monotonic increase  Q�� ����� ���$H� �� � ��#% &�#

 (

�P�
 �^�� � ��|K ����E L0� 3/H�� ���$H� .) *��
B

�]P)3–�e  ��  �s  (.(  i]E  Q
�fF� 3�  3��B  �F+9�

 &#��M x�b�� .'� � 5�8 u�,P� L��-� �C�) �^��

)  *��F�  ��  ���  '�  �5�8Bimodal  Q���  ��#%  &�#

  (

  .�$
� �� �C�) �^�� ���E ���� ��  3% N
�#�2    ��^��

  '� �*���%2    ��5/3     ���� *���% ij0 � *��$H� ��^��
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  L0�  �]P)3-.(7    ��  u�,P�  L��-� �^�� 3� 3��B I0�


39    '� �*���$H� �^��39    ��6/39    ij0 � *���%� �^��

  L0�  ����  *���$H�  �]P)3 -.(�    .'�  3�  3��B  I0�


  ��  �  5�8  &#��M  x�b��1   */��0  #�  _#B  �N+]�  #/�

  '�  �  *���%1    ��2  */��0  #�  _#B  �  *���$H�  �N+]�  #/�

 L0� ���� *���% ij0 �]P)3- � .(     

 

�I#'� � i�� 
�#	 

*0�#�  �  R
���   ��  3�
�'   I0�
  3��B&�� *��
B   3�  

��#

S�   ����E ��EO-�  �*X
��  &��FP'��  &�#�   Q

+� 

&��'�
�  *]�D�9�%�  3��B&��3y���  �*��
B  ����  3��
   &�#� 

*H#+�  3��B&��  N0���  L@!  &�
K�  "��#�   N�#��  �3/H��

L�#��� �3H�AE �
9��  �P�
*��
B   �  #��0  �����   L�#���  

3y��� �"��#�  *���� .     3�
�' �� ��EO-� ��,� 3� 3!�� �� �q9

3��B C�D�9�%� &��'�
�    L
F�� Q
�fF� �  *0�#� ����

3��B  Q��  _�� &�#� 7�AX� *��qr ('�� #Y� '�  �*A�� &��

  �  3��B  Q��  C�D�9�%�  &��'�
�  3+9�X�  3�  ���$
  Q��  ��

i]E����E ��#

S� 3� .) �F+9� .�P 3/8��#
 �*X
�� 

  3��BA.retamocarpus       �� 3�X�� C� �� ��T #�

  ��  3��B  Q��  *9�  �����  ����  ������  3An  *���!  3����

  ��  �  ����  &���'  *����#H  �  G%�#�  &����  ��8  �� ����

���*� G� �
� �
]�� */K *]T�% &��  ��� 3��B .���

3H�AE ('�� � _�� &�#T z��9 '� ��P  ����� L
F�� &���� &�

  �� 3% &��� 3���0 ��-  ��� */0� ���^ 3� }A/�� &��

  ��#n  �_��  ���J/0�  ����  *��/��'  3H�AE  .���E  3�  �  ��P

*�  '�  3%  ���  .���  �#U�K  3+9�X�  1��/�  .�#
B22   #
S/�

  �#]AFE  #�  ��#
S/� '�  &���' ���+� �3+9�X� ���� *X
��

3��B���� #V�� �*0�#� ���� &��  .��� ('�#� '� �^�K 1��/�

�  ���$H�  ���G
F+  &��  #�  3/H��3��B&��    .�
�  &�#�

  ����  ������.)    �  *0�#�  ����  &��#
S/�  #
Vw�  L��

  Z��#P Q

+�3�
@�    ����  ���
B Q�� ��� .���   3��B Q�� 3%

5�8 &�� #� #/�
�*�P &�� -   .���� ��%�#
 *��9  

3�*� #Y� 5�8 Q�� �� N0��� *�]�' 3% �0�  '� ���

 Q�� �� 3��B Q�� #/�
� �P� N!�� 3% L0� *A�[� 3AF!

5�8 u��  ) L0� ��P ��243� .( L%#K 5�8 LH�� �*A%��-

  ��  *F@�  ���E  �  ����  ��#n  #
V��  L��  ��  5�8  ��  7)

  *���0#H �
���/
 �� ���E C� � *��qr ���� .��� s#/0�

 5�8L0� )15  .(  

i]E  �F+9�  3��B A. retamocarpus  3� Q�#% �^��

9)*  �  �^���'�g#,P[ �    �  � #J�H p�,��� ��!� '� *%�K

  Q
�  L,o�  �#]AFE3��B  Q��    .L0�  ���$�  ����E  ��

3� &��-  �^��  �  ��|K  �����E  Q��  �^��  ���$H�  ��  3%

�P�
  *���$H�  ���  '�  �  3/H��  ���$H�  .)  *��
B

)Monotonic increase*� &�#

 (  �5�8 �'� ���$H� .��%

�^�K �� G@� &�� t8�P '� *]�  N!�� 3% L0� &$
8

G�
��B���#]
� L
9�+H ���$H� 3�$\� �FE � ��P 5�8 &��

"�#0  �g#,P[  ��
B  �P�  3\
/�  ��  �  3/H#B  ���^  #�

*� ���$H�) ����10  ��� �5�8 #J�H 3% �\�) '� Q
�fF� .(

��A0  G
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S/� Q�� 3X��� 3%

�  �3��B  ��|K  �� 3�  ��/�    �����%  ���^L0�    L9�K  �
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L����]�#/]9�*    �����  ��  3��B  ��|K  #�  5�89/0 
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 L    N!�� 3% L0� &$/�0�/H
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H#M
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 5�8 3� g#,P[  � *��#B  �@� �� 3%�L    ���% ��,F% N,0

9)  ����*   5�8  �*��P 5�8  ��  ��!��  ��A��  `O��  .
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