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Abstract Article Info 

Background and Objectives: Organic carbon is a crucial parameter for assessing 

soil fertility, productivity, and quality, particularly in dry and semi-dry lands. 

Rangelands cover approximately 50% of the Earth's land area and store over 33% 
of the global carbon reservoirs. Considering rangelands as significant terrestrial 

ecosystems and natural carbon reserves, understanding and quantifying carbon 

sequestration in these ecosystems is of great importance. 
Methodology: This research focused on rangelands in the southern domain of 

Damavand Mountain. Four height groups were selected based on geographic 

conditions, regional plant cover, and slope. Each height group represented a 

different elevation range: group 1 (2504-2664 m), group 2 (2730-2896 m), group 3 

(2923-3050 m), and group 4 (3119-3545 m). Soil sampling was conducted at two 

depths (0-15 cm and 15-30 cm) using 13 random points within each height group. 
Soil organic carbon and bulk density were measured, and carbon sequestration was 

calculated at the hectare level by multiplying organic carbon and depth. Regression 

equations and response surface models (RSM) were developed using design 
software to predict carbon sequestration and compare their accuracy. 

Results: Analysis of variance (ANOVA) showed that only sampling depth 

significantly affected soil carbon sequestration, while sampling height and the 

interaction between depth and height had no significant effect. Carbon sequestration 

was higher at a depth of 15-30 cm compared to 0-15 cm. Among the height groups, 

group 4 (3119-3545 m) exhibited the highest soil carbon sequestration, followed by 

group 1 (2504-2664 m). The highest carbon sequestration (6046.54 g/m2) was 

observed in height group 4 at a depth of 15-30 cm, while the lowest (2250 g/m2) 
was found in height group 2 at a depth of 0-15 cm. The quadratic model of the 

response surface methodology demonstrated higher accuracy (R2 = 0.7363) in 

predicting soil carbon sequestration compared to the linear model (R2 = 0.6014) 
and the less accurate regression model (R2 = 0.428). The response surface method 

successfully optimized the inputs, suggesting a height of 3500 meters and a specific 

depth to achieve a soil carbon sequestration amount of 8088.117 g/m2 with a 

satisfaction level of 0.976. 

Conclusion: The response surface methodology (RSM) proved to be a valuable tool 

for predicting and optimizing soil carbon sequestration in rangelands, considering 

different sampling depths and heights. It can also be utilized for predicting various 

parameters in rangeland science, such as above and underground biomass volume 
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and plant species coverage. RSM offers a novel approach for understanding and 

managing rangeland ecosystems. 

 

Cite this article: Jafarian, Z., Zh. Ghorbani, 2023. Prediction of Soil Carbon Sequestration in Rangelands Based on 

Soil Sampling Depth and Elevation Using Response Surface Methodology. Journal of Rangeland, 17(2): 179-

194.  

 
  © The Author(s).                                                            DOR: 20.1001.1.20080891.1402.17.2.2.3   

      Publisher: Iranian Society for Range Management 

  

  

 

  

  

  

  

  

 

 

 

 

 

 

 

 

 

  

  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             2 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


      
 

181 

 

 
  

�������� 	�
 ���
� ��� ����� ��� �� ��� ����� ���  !�"�� #$�� %� ���&'�� �� (�&��� ) ��� %� *�����

) ,��� -.� /)�RSM(   

  
!�1�&23 �$1%*1#����6 718 92 

  
1 . �����	 
���
�� 
��� ��������	���� � .���
� ����� ����� �����  !��	 � �"���#$ %�&' 
�(#��� ������  !��	 
�)#�����
��  :+	��

z.jafarian@sanru.ac.ir  
2 . � ��	 ����-	 � %�&' ���$� ��.#��� 
������	���� ����
� ����� ����� �����  !��	 � �"���#$ %�&' 
�(#��� ������  !��	 
�)#��� .  

 

 �;�<� =�
7>� ���?@    

:�;�<� (��  

 /	�$ +0�1	–  �#2�34  

  

  

�B�1�� ,1���  11/12/1400  

 :�1��1) ,1���12/09/1401  

 :/�1C� ,1���01/10/1401  

  

  

�8�):*��D  *�E    

��	  ��"��  
  �9��4 :;� <��  

  ��������  
 �=!�$ >����  

+��-! .�"�� 

:F�E ) �<���    "� �)
 ?�@ �0A =!�$=���� B-	 ��2��	���4/C�D ��E�	 
���$  F@�G � ��0�� H�&!�I �?�@ �E�@

 ��#�  ��  �J-	    H�K�$  ����  L�C�MN	  ?�@?�@ O#@ P���	  ��2   +J��  �H��  O#@  .  "�  �J��  ���D  ��  � ���	
�)#@�	 /�)#� �� ��-Q ��2H�
" =!�$ �
�@R %�� O
 "� S�! ���D � ��2� .����2 �$�@ 
�$  +$ =
� +! +Q�� �!

  ����' +!  ���	B-	 =
��  B�����$��	 ��JG +! =!�$ ����� �
�@R ��)#@ ��2  � 
�T� � 
��! +Q�� ���	 ����! �����
�A �� =!�$ >���� ��E�	.H�� B-	 �2  

/)� ) ����:�E    �����	� 
�$ �!��Q +�	�� ��  I��  ���	 U�N��� "� V4 P�1T� =
� ��  � �
��W��XQ H��Y� +! +Q�� �!
  �+1;�	 �2��� SG�44    +! Z���	 >�G =��[J2 ���)
 �2��� SG�4 >�$�� � \�� �!  �
�� :;� "� �'�K��� +1��

  �'�K��� +1�� /	�G +�D�� �����  !��	 
���� ]�'^�� � �����	 �
�"�! �2���1  )2664-2504    +1�� �(��	2  )2896 -
2730    +1�� �(��	3   )3050-2923    +1�� � (��	4  )3545-3119  +��J� H-Q (��	\�K��� �� ?�@ "� �����!  �]��K�	 ��2

  ��'�K��� +1�� �2 �� .�
��� =��	13    g�J'� "� (���)� S1� ��) ?�@ +��J� +� �+;1� �2 "� � FN#	 �W��M� +;1�
15-0    �30-15  �����  "� V4 .�
��� +�-� ��	
"����
��� �?�@ +��J�  �2 �� 
�G >���� =!�$ ��E�	 ����  ���	 �2

  .HW�� ���I /�&T� � +
E.�  �� (�C��) ?�@ �0A =!�$ ��E�	 U�Y �! ( !�	 ��	 �! %��) ?�@ �� =!�$ >���� ��E�	
����� �! %��) ��2�h i�MN	 �"������) PJ' � (>�)	 ��	 H!�j ��' �� � +�0�;	 ���	 (��	10000    /
��� H&' +!

  .�G +���T	 ��D�� ) 9��4 :;� <�� � �������� ]k���	 ��.
� +! %��I� Vl�RSM�A HI� � 
�G ( S�4 �� �2 ���!
P�I� <�� � +�#� +�
�1	 �(
�)
 �! =!�$ >���� ��E�	��	 HI� �!�
"�� ���! .�G FN#	 ��  <�� � �������� ��2

) =���� >
�Y "� 9��4 :;�2R
��� ���	 (
"���� ��2 S�4 � 
�G ����  .�G 
��K��� 
�G ���!  

G1�'�:  
��� V��
��� +
E.� m
���+��J�  PJ' Z1W  +$ ��� ��#� �2���	 �j�  ������!  ?�@ =!�$ >����  ��E�	 �!  ����
 +��J� \�K��� �j� � +�G�� +��J� \�K��� � PJ' /!�1�	 �j� =��[J2 �����!�! ?�@ =!�$ >���� ��E�	 �! �����!��! ���	. 

  PJ' �� =!�$ >���� ��E�	 ��&$ H0�D ��30-15  �����  "� ��#�! ���	15-0  �����  HT� PJ' �� �2 �� � 
��! ��	
  �'�K��� +1�� �����!4   )3545-3119  �'�K��� +1�� "� V4 
�^' +! .HG�� �� ?�@ =!�$ >���� ��E�	 =
��#�! (��	4  �

�'�K��� +1�� +! n�!�	 =!�$ >���� ��E�	 =
��#�!1  )2664-2504    ��E�	 +! =!�$ >���� ��E�	 =
��#�! .��! (��	
54/6046  ��	 �� %���'�K��� +1�� +! n�!�	  !�	4  PJ' �30-15  �����  ���D �� =!�$ >���� ��E�	 =
��J$ � ��	

2250    �'�K��� +1�� +! n�!�	  !�	 ��	 �� %��2    PJ' �15-0  �������	 SN! �� .��! ��	  ��	 ��"��  %�� +Q��
)  ��k�!  HI�  �!  9��4  :;� <��7363 /0=2R)  <��  =�J2 �;@ ��	  +!  H���  (6014/0=2RHI�  B$  ��	  �  (  ��

)  ��������428/0=2RS�4  ��   ���	  ?�@  =!�$  >����  ��E�	  �(  +!  PW�	  9��4  :;�  <��  �
�^'  +!  .��J�  ���!

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             3 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 

182 

 

+��-!����� �"��  \�K��� ]��C +! �23500    ]��C +! ?�@ �� =!�$ >���� ��E�	 =�W�
 ��o�	 +! %�� PJ' � ���	
117/8088  ���J�
�Y� �!  !�	 ��	 �� %��976/0  .�
���  

�H�'�:*��I  ) 9��4 :;� <��RSM=
�� ��E!� O
 ����' +! ( +��-�� �� S�4+��-! � ���!�"�� ��E�	 =!�$ >���� 

?�@  ���	 +��J� \�K��� � PJ' Z
��G HT�  �����!��)&J' ]��K�	 ����� �!�&;	 +)&! �	���� "� �A +! ����' ���E!� 

��JG�2 �� H-Q  S�4���! ��2��	���4 p&�N	 ��  S�4 �� ��q	 ����' +! ����! HT�  ���	 �  ��	 %�&'  B.D ���!
+��� S�$��4 
�T� ����	"�� � ���	"�
" 
��� H�
"... � ����	 ��2  .��J� 
��K���  

  

:��$'��  ���
�K�Q  �."  r.  ���!�I  �1402  .S�4 +��J� PJ' ��js� HT�  ���	 ?�@ �� 
�G >���� =!�$ ��E�	 ���!  "� 
��K��� �! \�K��� � ?�@ "� �����!  <��

) 9��4 :;�RSM(.  � ��	17)2 :(179-194 .  

  

 DOR:  20.1001.1.20080891.1402.17.2.2.3        

�������
� �������	 �J&' =J.�� :              © ������
��      

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             4 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 ��� ����� ��� �� ��� ����� ���  !�"�� #$��  ... / #����6 ) !�1�&23       

  
 

183 

 

 ���<�  

SN!  ��  =!�$ %�!  p&�N	  ��2���"��  �����  ��2
  +$  H��  >����  /!�IB-	=
��    +0���2  .H��  ?�@  �A

  "�  S�!)  =!�$  ���
"  ���1	100    t��1	  ��  (=�  ���&�!
  ���-Q�	 >����  "� �)
 ?�@ �0A =!�$ 
��@R +$ ��G

  =
� +$ ���� +! .H�� =�	" :;� �� =!�$ u�E! �
�@R
  ���D ���1	1500    .H�� 
�G ���A�! =��(��  �(
� �W�� "�

=���� B-	 ��2��	���4 "� �)
 ?�@ �0A =!�$ ��E�	 
���$
��#� �� �J-	 F@�G � ��0�� H�&!�I �?�@ �E�N&C�D  

  H�K�$  ����  L�C�MN	  ?�@?�@  �  O#@  P���	  ��2
+J�� H�� E�v�� =!�$ ����� �
��1	 �A �� +$ H�� O#@ 

)2    �12(�)#@ "�  �J��  ���D �� � ���	 .  ��  ��-Q ��2
�	  /�)#�  =!�$  �
�@R  %��  O
  "�  S�!  ���D  �  ��2�

  "� �)
 � 
��! �$�@ 
�$ H�
"B-	=
��  B�����$�  ��2
�	 ��JG +! =!�$ 
��@R ��o�	 +! +$ ����2 �)#@  ����

)4    �11�A =!�$ 
��@R ���1	 +v��� .(  :;� �D�� �� �2
�A �k�!  H��� +! +Q�� �!  �	�  �H�� E�v��  �Y���  =
�  ��2

) ����2 =!�$ >���� H-Q ���
" H�&!�I �����18    �20  .(
����$ B-	 +K0w	 +�  /	�G ?�@ �0A =!�$ ��E�	 
���$

  >�$��)  �)
r�0��!  /	��'  �(H!���  ��E�	  �  �	�)  B�&I�
��3
� � (�2��� ��
�1! ��G +W�Y� � �2���  �)
E�W ��2

���$ �t� ��E�	 �HW�! ����@�� ��o� ?�@ �
��J�G  ����G
) ����2 +�
���� �25    �26  
"�� ���	 �� S��� � �2��A .(

	  F�N#�  ���!  �A  ]����X�  �  =!�$   !��	%E���)  ��2
  �� �&�W =!�$ ��E�	 ����
�4 � =!�$ ���-Q +@�v �0���$
 =�G��  �=
�  �!  
�^'  .H��  ��JG"��  �Y���  =
�  H
�
�	

+	���!  ���!  ���'^��  �  S���  =��vH����  �E
�  ��2
HG���� � B-	 ����! E�� �J�&I� ���X� p&�N	  "� .H�� "��

��3
�  ��J�&I�  ��2��X�	  +;!��  +�0�;	  ��W��  ��2
  �0A =!�$ 
��@R ��E�	 �! ����	 ���	 � �W����4�� ��;�T	

�	 p&�N	 P���	 ��S�4 ���! �����  �0A =!�$ ��E�	 ���!
) �G�! ��K	 ?�@4 �	 �	� =
� =��[J2 .(+��G �� �����-

�  =!�$  ��E�	  �!  �;�T	  ]����X�  ���x��j�  
�T�  �"�
OJ$ �?�@ ?�@ ]��C�M@ S1� +��	" �� .�G�! 
���$

  �0A  =!�$  Hh�KD  �  
��@R  ����  ����$  �  =����  ��
 p&�N	  ]�1�1T�  m
���  .H��  +�W�
x4  ]��C  ����0�;	

 ?�@ �0A =!�$ �� ���X� +$ H�� 
��� ��#� ]����X� �! �2
 ��EQ�  �  H��  n�����  ��  �A  ]��j  �
  �  ?�@  ���@��


��@R
�R =!�$ ��  ]�	 ���	 � ��&! Hh�KD /�0� +! ��
 ��#�!  ��
��J�G  �  �)
E�W  Hh�KD  Z���  ��@ ��  =!�$

) H�� H�J2� Ey�D7 t���� �� � ��Q�	  !��	 �! ����	 .(
�	 ��#� =!�$ 
��@R 
�T� ���	 �� ���
" ]�'^�� +$ �2�

�A  =�!  n�����  �  �jw	  /	��'  �  ?�@  ��  .�����  ��Q�  �2
  � B�2��! .H�� 
�G %�.�� i�M@ =
� �� �J$ ]��0�;	

)  ����)J22011��3
�  n�����  ����!  +!  (  �!  ?�@  ��2
  ��G  ?�@  �  ���  ?�@  \��  ��  ?�@  �0A  =!�$  ��E�	

+�W�
 .���@���4  ��E�	 +$ H�� �A �(���!  +�0�;	 =
�  ��2

��@R �0A =!�$  �
��J�G � �)
E�W ��2��	���4 �! ?�@ ��

�h  i�MN	  �"�  ��o� �  t�  �H&��  �=G  ��E�	  ���2
�	  ?�@  \��  ��  ]��K�  �  H��  n�����  ��  +�
����  �����

 ��3
�  =
�  
�T� �  ��E�	 ]��K�  � z��� .��$ +�Q��  ��  �2
) ����)J22012  ���W�
 
��X�	 ��v ������� "� 
��K��� �! (

 t� ��E�	 � ?�@ H!��� S
�EW� �! ?�@ =!�$ ��E�	 +$
�	  ��#�! ��E�	  �!  ?�@  �#)2"  �K�	  �j�  +!  +$  ��G

  .���� 
��G� =!�$ 
��@R  
   ) ����)J2 � ���' E�� ��#$ /@�� ��2008  ���! (

 ��E�	 
��@R B-� �! ?�@ +$ ����J�43/87   /$ "� �C��
  �B�����$�  =!�$  
��@RB-	=
��    ��  =!�$  
��@R   ��	

  ��#� %�� +! %�� �������� Z!��� ����! � H�� B�����$�
+��! B.D � \�K��� �! =!�$ >���� +$ H�� 
��� ���� ��2

 +;!�� ?�@ �0A =!�$ � ?�@ \��G� H!��� �u��Gk ���1	
)  ����)J2  �  ������RA  .����  ��I  H�q	2011 ��o�	  +!  (

 /	�'  =����%�!  ��2 "�  =!�$  >����  �!  �jw	  ��@��G
  P�1T�  =
�  m
���  .����J�  
��K���  
��X�	��v  �������

 
��@R  =!�$  ���1	  +$  ���  ��#�B�����$�  =
�  ��  ��  �2
HT� ��#�!  �?�@ �r����� � t� �+#
� 
��� H�
" ��js�

  .���� ���I +���0�� <��! =�(���	 � �
�� :;� "� \�K��� /	�'
� �! ?�@ +$ ���W�
�� 
�^' +!  ���!���87   �� =!�$ �C��

  �
��  +!  H���  ��  =!�$  
��@R  ��  ���#�!  B-�  ��@
 +K0w	  �  ��
�K�Q  .H��  ����  t�	��!  ��o�  B�����$�  ��2

)  ����)J22012 +���  +�  ��  =!�$  
��@R  +�0�;	  +!  (
  ?�@  ��  
�G  
��@R  =!�$  ����!  .���@���4  �2���

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             5 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 ��)� 9�LLL��LLL�17 ����� 92 9 1402                                                                                   
  

 

184 

 

+���  +��� ?�@ +$ ��� ��#� E�� +�0�;	 ���	 ����	 ��2
  =�G�� �! �2�$ +�	��445/29   ���#�! =!�$ ����)2 �� =�

 .H��  
��$  
��@R  ��@  ��  �(
�  +���  ��  +!  H���  ��
)  ���N�&'  ���  �  ��
�K�Q2013 ��E�	  +$  ���W�
��  (

%����  �� =!�$ >�������	 ]��K�  
��� p&�N	 ��2 ����
  ��J�D�  :;�  ��5  +&���  �  +�G��  �C��  �  =
��#�!  �2

+#
�  +! +Q�� �! .���G�� �� =!�$ >���� ���� =
��J$ �2
  =
� ���#$ �� %��� H#$ �
" :;� � �-�A ]�1�1T� m
���

�	 
��� �� ��jw	 S1� �=!�$ �k�! ��E�	 >���� �! �����
+��N&�  ��2"��  S2�$  ����)J2  �  ���&�&Q  .��$  �K
�  ��

)2015�! �� (=-4 ���)&(�Q ��js� ���  u�! ��"�� � u�!
 �����  O����.��!  /(�Q �� ?�@ =!�$ 
��@R ��E�	 �!
 ��E�	 �! �������	 �j� PJ' � 
�(#
�� +$ ���W�
 �����"�	
 =
��#�!  ���  PJ' �=��[J2 .���G��  ?�@ =!�$ 
��@R
 ���J$ 
��@R ?�@ �(
� PJ' �� � +�G�� �� 
��@R ��E�	

���	 ]��K� �(
�)
 �! � ���G��  ��$�� m
��� .���G��� ����
) ����)J2 �2020  ���� =�J2 �
w	 E�� 
�T�	 ]k�
� �� (

) ����)J2 � m$�$ ����G .H��2017  /	��' �!�
"�� +! (
  �0�	 � +�@���4 ?�@ �0A =!�$ 
��@R ��E�	 �! �jw	 �$�@

��3
� "� 
��K��� �! =!�$ 
��@R ���� =�JN� ���! ��  ��2
  �)
E�W  �I�G ��.
�!�RA �����  ���	 �� ?�@ �
��J�G �

  �C�� �H!��� +$ ��� ��#� P�1T� =
� m
��� .����J� +y���
 ��E�	  �  �)
��)0�  H
��2  �H&��  ��E�	  �+�
����  �\��G�


��@R �0A =!�$ ��E�	 �! B�1��	 �j� ����� ?�@ t� ��
  H�W�h � 
E
�(�� ���2�h i�MN	 �"� � +�G�� ?�@

  B�1��	��{  �j�  �����  ������$  ���������2  ���!  �-�A  .
  "� ?�@ Hh�KD P
�� "�  ���	 :�TC H
�
�	 +$ ���G��

?�@  �#)2"  ��E�	  +!  +Q��  �  E
�  ]��R  S
���W  �  �2

��@R /�����4 |KD >�� �A ��G ��G "� �����&Q ��

B�����$� �� =!�$  S�J���
� m
��� .�G �2��@ ����	 ��2
)  �I��C  �2019  �  ��J��	  .H��  ����  =
�  �
w	  E��  (
)  ����)J22020  ( +���  =!�$  
��@R  n�����  ����!  +!

Astragalus brachyanus   ]��C�M@  ��2���  ]�KC  �!
  �!�{ ��.
�!�RA ��r�� +1;�	 ��  ��	 H
�
�	 � �2�(#
��
  t�	��! +�k�� =!�$ 
��@R +$ ��� ��#� m
��� .���@���4
  �! � B�1��	 n����� ��2��� +
�4 \�K��� � }�� �;I �! �
��2

]�G   +$  ����J�  ��-�#�4  �-�A  .����  t�)�	 n�����  ���v

+[�@��  ���  <���4  ]��&J'  S
�EW�  H-Q  ��  �
�!  ��
  
���$  E�����W  ~�;� S
�EW�  +.���  ��  �  �2���  ]�KC

) ��J��	 � m$�$ ����G .���� ]��C2020 ����! +! (
  ��$��$  �!  �2���  �)�	����$��  �  ���)&J'  \���  n�����
 ��.
�!�RA ��v�0"�� �����2�$  ���	 �� ?�@ =!�$ 
��@R

	�J� +$ ��� ��#� m
��� .���@���4 �!�{  HT� ��2��	���4 �
  �! H�q	 +;!�� �?�@ ��2�h i�MN	 �"� EQ +! ����!


��@R  =!�$  �
�^'  +!  .���G��  =!�$  
��@R ?�@  ��
+���  ������W  S
�EW�  t����! S
�EW�  �"���  u�!  �!  ��2

�  ��  �  ���)&J'  ��@��)

��� \���  H
�-  ���)&J'  ��2
 +! +Q�� %�' +$ ����J� <��E� 
�^' +! .HW�
 S
�EW� �k�!

p��Y �  ���	 H
�
�	 �� \��� S2�$ ��A H��Y� ��G
    .�G �2��@ ?�@ =!�$ 
��@R ���� S2�$ >Q�	  

   +C�' ]��&J' +$ �
�.�A "�+��J� /	�G �� �����!
��)	 "� ?�@PJ' � �2
"���� ��o�	 +! p&�N	 ��2  ����

HI� ����! ?�@ �� =!�$ >���� ��E�	+�
E2 � ���  H�� �!
��3
� ����	 P���	 "� �����! �� �W�� "� �  p&�N	 ��2

"���� ��(
� �C�1	 ���! H�� =)J	 ?�@ � 
�G ����

��	 OJ$ �! ���G�! t���� ��S�4 � �"��  HT� �A ���!
�����=	 p&�N	 ��2  �HW�! ����	 ?�@ ]��C�M@ +&JQ

 +C�' ���(#2�34 � =�11T	 ... � �)
��)0� H
��2 �+�
����
�	  ��	  �!�
"�� � ���A�! E�� �� ?�@ =!�$ >���� ������

<�� .���$S�4 ��2 �	 �&$ H0�D �� �� ���! +� +! ����
�B��1�  +����	  ���������  ]k���	  :��J�  ���!  ��2

��	  �  �&�&T�  +J��  �  �&�&T�  ���	  ��  .�����l	�$  ��2
��	  9��4  :;� <�� O��)�  ������l	�$ ��2 )RSM= 

Response Surface Methodology  �G��  ����'  +!  (��  
%�� ���!  ��EW�Design Expert  � 
��! �
�Q L����� �G�� �

�
����� i�M@ �� ]�1�1T�S�4 ���	 �� �A ��2  � ���!
+��-!  ��D �� ���� p&�N	 n�1� �� ���(#2�34 Z��� ��"��

  .H��  %�.��+'�J.	  9��4  :;�  <��O��)�  "�  �� ��2
+��-!  �  +����  H-Q  +�$  H��  ���	A  �  �Y�
� ���$

+!  �
�2��
A�W  �	  ��$ Z���  �o�  ���	  9��4  +�$  ���
�	 ���I ��js� HT� �2��X�	 "� ������ +�C�� ���2 � ����

��	 Z��� /1��	 ��2��X�	 � 9��4 =�! +;!��  �Y�
� ��2
+��-! �  9��4 =
� �"��H��  )6 �� �J$ ����! ]�1�1T� .(

+!  9��4  :;�  <��  �
�����  ����!  i�M@ ��o�	

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             6 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 ��� ����� ��� �� ��� ����� ���  !�"�� #$��  ... / #����6 ) !�1�&23       

  
 

185 

 

S�4   !��	  �  �"���#$ �!  Z���	 p&�N	 ��2��	���4  ���!
 +!  ]�1�1T�  =
�  "�  �)
  ��  .H��  
�
���  %�.��  �����

 ?�@ O
��! +X�� �! ���� ���J' � �##$ ����� ����! "��
+��-!  �  9��4  :;�  <��  OJ$  +!  �jw	  /	��'  �"��

) �G +�@���426  �! Z���	 ��2��	���4 ��(
� P�1T� �� � (
S�4 �9��4 :;� <�� OJ$ +! ���$��� S#$ �
�����  ���!

+��-! � 
�G) ���G �"��3  �t���� ��  !��	 +! +Q�� �! .(
  :;�  <��  "�  
��K���  i�M@ ��  �1�1T�  ��2  ���$��

 S�4 �� 9��4+��-! � ���!   ��	 �! Z���	 ��2��	���4 �"��
 .H�� 
�#� %�.�� �������	 �  

�!    ��Y�D P�1T� "� ��2 �
�G ~�;	 ����	 +! +Q��
S�4 H�&!�I ����! �!  ���	 ?�@ =!�$ >���� ��E�	 ���!

+��-!  �  9��4  :;� <�� O��)�  "�  
��K��� Z��� �"��
 JQ "� V4 P�1T� =
� �� .H�� <�� =
�+��J� ���A  ��2


"���� � ����	�  ���	 "� ?�@  
�G >���� =!�$ ��E�	 ����
�A ��%�� ��2  ��EW�Design Expert    �9��4 :;� <�� SN!

����� �! �h���	 �
��1	 � �G 
��� <"�	A  �� P�1T� ��2
S�4 .��J� ���! 

 

/)� ) �����E  

 �2;�.� ���� �<.$� ��26��  

 .HW�� ���I 
��K��� ���	 �J$ <�� ��Y�D P�1T� ��
��3
� ��T0 +! �o����	 +1;�	 ���!� t��� =�J2 �!  ��2

  +�W�� ���I ����! HT� �
���T	 � �
��2 � UA � ������

��� Vl� �+��J� +;��� +! "��� ���	 ��2 ��)
E�W ����

 JQ>�G ��  I��  ���	 �� �Y�D +�0�;	 .�G ���A  ��2
�
��W��XQ ]�M�N	 �! ����	� 
�$ �!��Q̋  30  ΄  51̊  35  ��̋  

30΄  55̊  35    �  �0�JG΄2  ̊52    ��΄2  ̊52    .�G ��Q�  �I�G
 ���D ����� �o� ���	 +1;�	2000   � 
��! HD��	 ���)2

  =�! �'�K��� 
"�! ��2500    ��3460  UA +! H��� ��	  ��2
  ���	A  
���  ��  .HG��  ���I  ��"A36    B�&I�  +0�� +1;�	

 +J��  ������!  Z���	  �  ��� ��W ��  U���	550  �&�	  ��	
)  H��7+���  .(  "�  ������'  +1;�	  ��  >0�{  �2���  ��2

Onorychis corunata, Astragalus ochrodeucus, 

Astragalus microcephalus, Thymus pubescens, 

Ferula gummosa, Astragalus retamocarpus  )16.(   

  

����� �<.$� ��� %� *�����  

  �+1;�	 �2��� SG�4 � �
��W��XQ H��Y� +! +Q�� �!
4    �2��� SG�4 >�$�� � \�� �! �
�� :;� "� �'�K��� +1��

  � �����	 �
�"�! �2��� +! Z���	 >�G =��[J2 ���)

  �'�K��� +1�� /	�G +�D�� �����  !��	 
���� ]�'^��1  

)2664-2504  +1�� �(��	2 )2896-2730  +1�� �(��	3 
)3050-2923    +1�� � (��	4   )3545-3119   H-Q (��	

+��J�\�K���  �� ?�@ "� �����!  .�
��� =��	 �]��K�	 ��2
  ��'�K���  +1��  �2 ��13    �2  "�  �  FN#	 �W��M�  +;1�

  g�J'�  "�  (���)�  S1� ��)  ?�@ +��J� +� �+;1�15-0    �
30-15  �����+��J�  Vl�  �  �
���  +�-�  ��	  ��2

  JQ ?�@ 
�(#
�	"A +! 
�G ���A  �� .���G /1��	 ����G
��3
�  �
�(#
�	"A  ��)
��)0�  H
��2  �+�
����  �HW�!  ��2

 H!��� � ��2�h i�MN	 �"� � �K�W ��r����� ��0A =!�$

"����  ?�@ ��3
�  =
�  +;���  +!  .�G  ���� ��E�	  ��2

 ��E�	  +$  ]��C  =
�!  .�G  +���T	  ?�@  =!�$  >����
 ��E�	 U�Y �! ( !�	 ��	 �! %��) ?�@ �� =!�$ >����

  ?�@ �0A =!�$  (�C��) �! %��) ��2�h i�MN	 �"� ��
����������) PJ' � (>�)	 ��	  ��' �� � +�0�;	 ���	 (��	
  H!�j10000  ����� �D�� /
��� H&' +!  ��	 +!  !�	 ��	

) �G +���T	 � !�	16  .(  
 ��1"H )  P�D��  �����E  


�����2  JQ ���A 
�G  %�� ����EW�  /�$� )Excel  ( +! 

����' O��! ��'^�� � 
��@R +!  .���G ��o�	 +
E.� � 
/�&T� � =��[J2 
���  +�
�1	��2 ���!�    ��	"A +��0�	��


����2 �!  "� 
��K��� <�������J0�$- �����J��  ���	"A 


��� V��
��� ��(J2�2  �! OJ$  <�� ����0   %�.��  Vl� .�G
+! ��o�	 ����! �^�@� �
  %�' �^�@�   �
��1	  >����

=!�$ ?�@�  "�  +
E.� V��
��� O
 
��K��� +W�� .�
���    "�
 
��� ��(
� ��� ��	 ��.
� ��o�	 +! 
�	A H�� +! ��2 -

  ���I  
��K���  ���	  9��4  :;�  <��  �  ��������  ��2
+��J� /T	 \�K��� � PJ' ��(
� ]���' +! .HW��  "� �����!


��� ����' +! �
�� :;� "�  ���	 ?�@ ��E�	 � ����� ��2
  ���I ����! ���	 ��	 �Q��@ ����' +! ?�@ =!�$ >����

%�� Z��� �������� +0���	 .HW��  ��EW�SPSS  ��	 � �"��
%�� �� 9��4 :;� <��  ��EW�Design Expert    +! .�G ��.
�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             7 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 ��)� 9�LLL��LLL�17 ����� 92 9 1402                                                                                   
  

 

186 

 

<��  "�  O
�2  HI�  ����!  ��o�	  ���(
�  +!  H���  �2
 S�4  �
��1	�A  Z���  
�G  ���!
���  +!  H���  �2  ��2

+C�'
"���� ��  +$ �G ����! � �G 
��� <"��! �
�G ����
S�4 <�� %��$) =���� >
�Y ����!2R � +�G�� ���k�! (

P�I�  <��  ����'  +!S�4  ��  �!  =!�$  >����  ��E�	  ���!
  .�G <��E� ����� ��2��	���4 +! +Q��  +$ H�� �$R ��
�G

 �	�J�+
E.� � /�&T���2  ���	A �� +��!  %�� ���EW�SPSS 
+N�� 20 %�.�� �G����J�  B��  ���!  .��  "�  �K�C��  ��2

%�� ��EW�Excel  .�
��� 
��K���  

) ,��� -.� /)� Q�$?�RSM (  

<��  ��  
��K���  ���	  ��	  �  L�	�J'  9��4  :;
 +;!���  %��  +Q��  �H��  :;�  <��  ��  .  �2  ���!  9��4

�	 p
��� �0�	 +��!�� ��X�	  /!�1�	 � �&C� ��jA +$ ��G
��X�	 �2 ���! �� �2���$�W    ]��C +!�	 ���! +�����Q�$  .�

  �t���  =�J2 �!  
��X�	  ��v ��	 �� ��X�	  +� ��W  �!
 �����+;!�� ]���C +�!1 H�� :  
) +;!��1(:  

  Y = a0 + a1X1 + a2X2 + a3X3 + a11X1
2 + 

a22X2
2 + a33X3

2 + a12X1X2 + a13X1X3 + 

a23X2X3 

   +;!��  =
�  ��Y  S�4 9��4  �
�G ���! 0a    >
�Y
  H�!�j  �1a �  2a  � 3a   +!  �;@  >
��Y    �  �����  >����

  ��2��	���4  ����!  ���	  �����H��  =��[J2  .11a �  22a  
� 33a  �  %��  +Q��  ]���js�  >
��Y  12a� 13a  � 23a  >
��Y

����2  /!�1�	  ]���js�  .��    P�1T�  �Y�D >$�	  ~��  "�
  �!  �E$�	��  1���	  ��X�	/   PJ'  ]��C  +!  �����  ��

+��J� �����! �� �� :;�  �� �
�� :;� "� �'�K��� ~�;� �
  :;� ��-v�!  �  
�G +����@  ��2��J��  t���"   ��EW�  %��

+!  ��js� ����! ��o�	  ��E�	 �! (�����) /1��	 ��2��X�	
  +��!��  ��X�	  ����'  +!   ���	  ?�@  ��  =!�$  >����

(�Q��@)   �G 
��K���  )17.(  B-	=
��    �P�1T� =
� +&��	
  ��	 +y��� =��[J2 � �jw	 /	��' /!�1�	 � �&C� ��jA ����!

+��-! ��A �"���� =
� "� .��! �2� 9��4 :;� <��   U�N���
=
�  OJ$  �!  .�G  <��S
�	"A  �����  �  �  +�W�
  S2�$  �2

  �/	��' /!�1�	 �j� � %�� +Q�� ������� ��	 >
��Y �	�J�
�	 ���A�!  /!�I  .���G  +$  H��  �$R +!  %"k���!    +���T	

��	 ����	A+��-! � �"����EW� %�� "� �"��   ]�l�$� =
�E
�
  +N��7.0.0  �  ��2��X�	  �j�  +�0�;	  =
�  ��  .�G  
��K��

)  �����/1��	(    PJ'  /	�G+��J�  ���	  ?�@  "�  �����!
)1X+��J� /T	 \�K��� � () �
�� :;� "� �����!2X  �� �0�� (

  ��  :;�-v �� �	�� � (+��!��) �Q��@ ��X�	 �! :;� ��
  �H��  ���	 ?�@ �� =!�$ >���� ��E�	 +$ .�G �!�
"��  

��	  =
�  �!�
"��  ���!  �K&�N	  ��2����	S�4  ��2  ���!
+! +$ ���� ��Q��Q��@ =�! �^�@� t��� �! 
�J' ���-

S�4  ��2�Q��@  �  
�G  ���!  ��I��  �  U�&;	  ��2
�Q��@  .��������  �9��4  :;�  <��  ��  ����E!  ��2

����� ��o�	 =�J2 +! .HG�� ��2��@ ���-! ��2����J�  �2
  �� U�Y 9��4 :;� <�� ��100  �Q��@ �� ���G  ��2

  >
�Y  �!  E��   SN!  =
�100    ���!  .���G  
���  S
�J�
��	 ��)&J'  �!�
"��  "�  P�1T�  =
�  ��  
��K���  ���	  ��2

 ) =���� >
�Y ��	���42R  ��	 =
��-! � �G 
��K��� (  =��	
 +;!��) �G2(  .  

) +;!��2(:  
  R2= 

�∑ ��������	��	��
��

��

∑ ��������∑ �	��	����

��

�

��

 

     �g�W +;!�� ��N    �+��J� �����iP  S�4 �
��1	  ���!
  ���	  Z���  
�GiQ    ���I��  �
��1	zP    �
��1	  =�(���	

S�4  ���	 Z��� 
�G ���!zQ  .H�� ��I�� �
��1	 =�(���	  
 

 G1�'�  

  �� #���� ��� P���
 ������ �� ���  ����� !�"��  

    
���  V��
���  +
E.�  m
���  /	��'  +!  n�!�	  ��2
  �-�� +$ ��� ��#� ?�@ =!�$ >���� ��E�	 �! ����! HT�

+��J� PJ'���	 =!�$ >���� ��E�	 �! �����!  ��) 
��! ���
+��J�  \�K���  �j�  �  (�C�� O
 :;�  �j�  �  ?�@ "�  �����!

+��J� PJ' /!�1�	  =!�$ >���� ��E�	 �! \�K���  � �����!
 �! ?�@���Q) ��! ���	 1  .(  
  

 

 

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
02

.1
7.

2.
2.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

7-
12

 ]
 

                             8 / 16

https://dor.isc.ac/dor/20.1001.1.20080891.1402.17.2.2.3
http://rangelandsrm.ir/article-1-1129-en.html


 ��� ����� ��� �� ��� ����� ���  !�"�� #$��  ... / #����6 ) !�1�&23       

  
 

187 

 

 R)�31��� ���  ����� !�"�� �� #���� ��� P���
 ��� S��1��) �1"H� G1�'� :  

 ]����X�  ��	   ���"A +Q��   ]��!�	 =�(���	   ���� ���	  

 �����! +��J� PJ'  1    1010× 826/1  000/0  
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 ]����X�  ��	   ]��!�	 \�J.	   ���"A +Q��   ]��!�	 =�(���	  F P   ���� ���	  

R��  910× 277/3  2  910× 639/1  05/9  004/0   H�� ��� ���	  

 \�K���  810× 618/6  1  810× 618/6  66/3  08/0    
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 ]����X�  ��	   ]��!�	 \�J.	   ���"A +Q��   ]��!�	 =�(���	  F P   ���� ���	  

R��  910× 013/4  5  810× 025/8  03/5  0179/0   H�� ��� ���	  

 \�K���  810× 019/6  1  810× 019/6  77/3  0841/0    
PJ'  810× 442/1  1  810× 442/1  9029/0  3668/0    

 \�K���× PJ'  810× 395/1  1  810× 395/1  8733/0  3744/0    
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