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Abstract Article Info 

Background and objectives: The rangelands of the Sistan region are highly 
susceptible to wind erosion due to low rainfall, low soil organic matter, sparse 
vegetation cover, and the persistent 120-day seasonal winds. Wind erosion in this 
area has resulted in numerous adverse effects, including reduced visibility leading 
to traffic accidents, negative impacts on human health, soil loss, and a decline in the 
productivity of agricultural lands. Therefore, strategies to enhance soil resistance to 
wind erosion are critical. This study aimed to evaluate the effect of humic 
substances on improving soil stability in degraded rangelands of Taghzi, Zabul. 
Methodology: A factorial experiment was conducted using a completely 
randomized design with three replicates. The first factor was soil sensitivity to wind 
erosion, classified into three levels: low sensitivity (S1), medium sensitivity (S2), 
and high sensitivity (S3). The second factor was the application of humic substances 
in two levels: with humic substances (H1; a combination of humic acid and fulvic 
acid) and without humic substances (H0). Humic substances were applied once 
through irrigation; the quantity supplemented to each pot was calculated based on 
the soil content and mixed with 200 ml of water. Control treatments received only 
200 ml of water. After three months, the following parameters were measured: soil 
pH, electrical conductivity, calcium carbonate (lime) percentage, organic matter 
content, total nitrogen percentage, soil microbial respiration, microbial population, 
soil stability (expressed as the weight percentage of soil aggregates retained on wet 
and dry sieves), and the mechanical resistance of wet soil. Data were tested for 
normality and homogeneity of variances prior to analysis using ANOVA in Statistix 
10 software. Means were compared using the LSD test at a 5% significance level. 
Results: Application of humic substances in highly sensitive soils (S3) resulted in 
the highest calcium carbonate content (37.17%), microbial respiration rate (0.14 mg 
CO₂ g⁻¹ soil day⁻¹), and nitrogen concentration (0.33%). Conversely, the lowest 
calcium carbonate level (19.50%) was found in low sensitivity soil (S1) treated with 
humic substances. Soils without humic application showed minimal microbial 
respiration (0.03 mg CO₂ g⁻¹ soil day⁻¹) across all sensitivity levels. Nitrogen 
content was lowest (0.03%) in medium sensitivity soils (S2) without humic 
substances. In terms of soil aggregate stability, the highest percentage of dry soil 
aggregates retained on the 11.2 mm sieve was recorded in highly sensitive soil 
treated with humic substances, whereas medium sensitivity soils exhibited the 
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greatest dry aggregate retention on the 2 mm sieve. For wet sieving, maximum 
aggregate retention in the 11.2 mm and 8 mm sieves was observed in highly and 
medium sensitive soils with humic treatment, respectively. Humic substances also 
led to the largest increase of wet aggregates in low sensitivity soils on the 4.75 mm 
sieve. The greatest retention of wet aggregates in the 1.8 mm sieve occurred in 
highly sensitive soils. Overall, soils without humic treatment exhibited the lowest 
wet aggregate stability. The mechanical resistance of wet soils increased 
significantly with humic application, especially in medium and low sensitivity soils. 
Conclusion: This study demonstrated that the application of humic substances 
significantly improved the physical and chemical properties of degraded rangeland 
soils, enhancing nitrogen content and microbial respiration which fosters a more 
active soil microbial community. Compared to chemical fertilizers, humic 
substances represent an accessible and environmentally sustainable soil amendment 
that can effectively increase soil stability, particularly in soils vulnerable to wind 
erosion. The cost of using humic substances is generally minimal relative to the 
extensive economic and environmental damages caused by wind erosion, such as 
reduced soil fertility, vegetation loss, increased restoration expenses, and ecological 
risks. However, region-specific economic analyses are recommended to optimize 
decision-making and promote this practice for sustainable rangeland management. 
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VD
?7_�`;
�� �S�
5� :  & 
5�� 6��Z���'�� B�D
5� ;
����� 	
� ^�,�� )WP  (�� � ��  e��; D  B�!/? �� D��� )MP (  
   �	M�&  WP  

)mm ( 
MP 

)cfu/g (  

  

  

 ��	20' I��W� 

S1H1 b58/0±200/27  b32±814  

S1H0 d58/0±400/18  b32±814  

S2H1  a58/0±800/35    d32±112  

S2H0 e89/0±133/15  c32±176  

S3H1  c58/0±700/24  a32±940  

S3H0 f58/0±900/11  b32±736  

�
C' I"	<& �
F" ���	�� �
0� �3 �� I"	<0' y"�A���� .J�� 	3�	M�& H�� ���	3±) �	�C' �� �	d0��SE .(  

  

 ���� H���	�' .,�	2'�	M�& �L@� I��W� �	3  *"�F) 	3

6  �	M�& .� ��� �	�� (H1   "H0 .�  J'"	2' H��0��� V�&�&

)  #
[�'   	!  �$��	$'233/29  �L�'  J�CMF  "  (�0'

)  ��"�$�'CFU/g  365  J'"	2'  H��0M�  .���
�  ����  ��  (

) #
[�'  	! �$��	$'144/15 �L�'  �3	� �	M�& �� (�0'

)H0������  ( J�CMF  H��0M�  .�  �1	A  ��  .��  ���(

) ��"�$�'CFU/g  340  �	M�& �� (H1   .,�	2' .�� ��3	�'

�	M�& ��	20' ?
$M3�� H���	�' 	! " 	3  .C1	G' ��
' �	3

  *"�F)7   	! �$��	$' J'"	2' H��0��� .� ��� �	�� (

) #
[�'800/35  �L�') ��"�$�' J�CMF " (�0'CFU/g  

940.� (  �	M�& �� V�&�&S2H1    "S3H1  ������  �� .�� ���(

�1	A) #
[�'  	! �$��	$' J'"	2' H��0M� .�900/11 

�L�') ��"�$�' J�CMF " (�0'CFU/g  112  �� V�&�& .� (

 �	M�&S3H0  "S2H1   .����( ��3	�'  

�;�
G
� �;�D 
\�� [h� ["� �� 
�)DS ( 

���� ;�	���" ��1	�� *"�F) 	3  8 I��W� .� ��� �	�� (

.����	!  ���"  �@��  �L@�  =1�  �"�  	318/1    "25/0    

�L�'�
C' ��W	& �0') J��� ���p<0.05  �L@� I��W� g�	0� .(

�	M�&  ��
'  I	�@
P!  ��  K���  ��3  ��  .C1	G'  ��
'  �	3

�
C' ��W	& .C1	G') J���� ���p>0.05  ��	20' ?
$M3�� .(

�	M�&  "   	! ���"  �@��  �"�  ��  	X
&  .C1	G'  ��
'  �	3

.����	!  =1� �"� =�! �	32/11  �8    "2  �L�'  ��W	& �0'

�
C') J��� ���p<0.05 .(  

����  H���	�'  .,�	2'  g�	0�   	!  �L@�  I��W�  �	3

  *"�F)9.����	!  ���"  �@��  H��0���  .�  ���  �	��  (  	3

  =1� �"�18 /1  )67/8  �@��  �(6/0  )33/9  �@��  " (25/0 

)33/8  �@���L�' (.� �0'   	! .� k
��' V�&�&S1  �S2    "

S3   �1	A �� .���
�.����	! ���" �@�� H��0M� .�  �"� 	3

  =1�18/1  �L�') �0'67/5  �@��   	! �� (S2   H��0M� "

.����	! ���" �@��  �"� 	3  =1�6/0  �L�') �0'33/9   " (%

25/0�L�') �0'13/6  �@��   	! �� (S1  ������  .�� ���(

.����	! ���" �@�� ���	2' 	'� =1� �"� 	32/11 �8 �75/4  

  "2  �L�'  �0'�
C'  ��W	&)  J����  ����p>0.05.(    g�	0�

�	M�& �L@� I��W� H���	�' .,�	2'  *"�F) .C1	G' ��
' �	3

9  ��W	& .C1	G' ��
' I	�@
P! �� K��� ��3 .� ��� �	�� (

�
C') J���� ���p>0.05.(  

�	M�&  ��	20'  ?
$M3��  H���	�'  .,�	2'  "  	3

 	!  *"�F) .C1	G' ��
' �	310 H��0��� .� ��� �	�� (

.����	!  ���"  �@��  =1�  �"�  	32/11  �L�' )  �0'67/46  

�@��  �	M�& �� (S3H1  �1	A�� .�
�  �� ���2' H��0M� .�

)35  �@��  �	M�&  ��  (S2H1    ���"  �@��  H��0���  .�
�

.����	!  =1� �"� 	38  �L�') �0'10  �@��  �	M�& �� (S3H0  

�1	A �� .�
�.����	! ���" �@�� H��0M� .�  =1� �"� 	38 

�L�')  �0'5  �@���	M�&  ��  (  �	3S1H0    "S2H1  

�������	M�&  .��  ���(  �	3S1H0    "S2H1   H��0���

)67/11  �@��  ���2'  (75/4  �L�'  .�����  �	��  ��  �0'

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            11 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ��D� 0�OOO��OOO�19 ��
/) 02 01404      

  
 

155 

 

�1	A���	M�&  .�  �	3S1H1  �S2H0  "  �S3H1    H��0M�

)33/8  �@��  ���2' (75/4  �L�' H��0��� .����� �	�� �� �0'

.����	! ���" �@��  =1� �"� 	32  �L�') �0'67/16  �@��  (

  �	M�&  .�  k
��'S2H1  �1	A  ��  .�
�)  H��0M�  .�33/8 

�@�� �	M�& .� k
��' �� ���2' (S3H1    �@�� �l���A .�
�

.����	! ���"  =1�  �"� 	318/1  �L�') �0'10  �@��  �� (

  �	M�&S1H1  �1	A �� .�� ��3	�'  ���" �@�� �O��A .�

.����	!  =1� �"� 	318/1  �L�') �0'5  �@���	M�& �� ( �	3

S2H1  �S2H0  �S3H1    "S3H0    �	M�&  .����(  ��3	�'

S1H0    "S2H0  .����	! ���" �@�� H��0���  =1� �"� 	3

6/0   �L�') �0'67/11  �@���1	A �� .�
� ���� �� (  �	M�& .�

S1H1    "S3H0  .����	! ���" �@�� H��0M�  =1� �"� 	3

6/0  �L�') �0'67/6  �@�� ���" �@�� H��0��� .�
� ���� �� (

.����	!  =1� �"� 	325/0  �L�') �0'33/8  �@��  �	M�& �� (

S1H1  �S2H1  �S3H    "S3H0  �1	A  ��  .��  ��3	�'  .�

.����	! ���" �@�� H��0M�  =1� �"� 	325/0  �L�') �0'5  

�@�� �	M�& �� (S1H0 ����( ��3	�' .  

  
  

D
?V 8���J� : ];
���D �;�
G
� �;�D 
\��) [h� ["� �� 
�DS (  

 I	C��' H���	�'  

 ���{& %�	
'   ����� .F��  DS11/2  DS8  DS4/75  DS2  DS1/18  DS0/6  DS0/25  

  	!  2  ns0 ns0 ns0  ns0  *02/0  ns01/0  *01/0  

 �	M�& 1  ns0 ns01/0 ns0  ns0  ns0  ns01/0  ns0  

 	!× �	M�&  2  *01/0  *01/0 ns01/0  *01/0  ns0  ns01/0  ns0  

	G!  12  0  0  01/0  0  0  01/0  0  

) I����{& V��D٪ (    40/3  99/4  55/5  13/5  91/4  40/6  84/4  
sn  "* .���Z V�&�& �
C' �
C' " ��� ]G� �� ���5  �@�� . 

  

  VD
?9 _�`;
�� �S�
5� : �>\� 6��Z��;�
G
� �;�D 
\��) [h� ["� �� 
�DS ( 

   �	M�&  DS11/2 
)mm (  

DS8  
)mm (  

DS4/75 
)mm (  

DS2  
)mm (  

DS1/18  
)mm (  

DS0/6 
)mm (  

DS0/25  
)mm (  

  

  

�L@� I��W� 

S1 a28/1±67/40  a83/0±66/7  a96/0±20/11 a05/1±33/13  a77/0±67/8  a82/0±7 b53/0±13/6  

S2 a80/2±41  a83/0±33/7  a91/0±33/10 a70/1±13  b45/0±67/5  a18/1±33/9 ab63/0±67/6  

S3 a25/2±41  a67/0±33/7  a77/0±33/10 a95/0±12  b59/0±33/6  a83/0±67/7 a63/0±33/8  

H1  a40/2±67/41 a73/0±11/6  a1±44/9 a47/1±22/12  a18/1±67/6  a11/1±89/8 a83/0±33/8  

H0  a27/2±56/40 a88/0±78/7  a83/0±10 a88/0±78/12  a73/0±11/6  a67/1±10 a83/0±67/6  

�
C' I"	<& �
F" ���	�� �
0� �3 �� I"	<0' y"�A.J�� 	3�	M�& H�� ���  .J�� �@�� .� *"�F �!�� ���n�����	3±) �	�C' �� �	d0��SE( .  

  

 VD
?10�;�
G
� �;�D 
\�� & 
5�� 6��Z� _�`;
�� �S�
5� :) [h� ["� �� 
�DS (  

   �	M�&  DS11/2 
)mm (  

DS8  
)mm (  

DS4/75 
)mm (  

DS2  
)mm (  

DS1/18  
)mm (  

DS0/6 
)mm (  

DS0/25  
)mm (  

  

  

 ��	20' I��W� 

S1H1 abc67/1±33/43  bc67/1±67/6  b67/1±33/8 abc67/1±67/11  a89/2±10  ab67/1±67/6 ab67/1±33/8  

S1H0 abc0±40  c0±5  ab67/1±67/11 abc67/1±33/13  ab67/1±33/8  a67/1±67/11 b0±5  

S2H1  cd89/2±35  c0±5  ab67/1±67/11 a67/1±67/16  b0±5  a67/1±76/11 ab67/1±33/8  

S2H0 abc41/4±33/43  abc67/1±33/8  b67/1±33/8 abc67/1±67/11  b0±5  a41/4±67/11 ab67/1±67/6  

S3H1  ab67/1±67/46  bc67/1±67/6  b67/1±33/8 c67/1±33/8  b0±5  ab67/1±33/8 ab67/1±33/8  

S3H0 bcd01/6±33/38  ab0±10  ab0±10 abc67/1±33/13  b0±5  ab67/1±67/6 ab67/1±33/8  

�
C' I"	<& �
F" ���	�� �
0� �3 �� I"	<0' y"�A.J�� 	3�	M�& H�� ��� ���� .J�� �@�� .� *"�F �!�� ���n�	3±) �	�C' �� �	d0��SE .(  

  

�;�
G
� �;�D 
\��) ^�,�� ["� �� 
�WS (  

���� ;�	���" ��1	�� *"�F) 	311 I��W� .� ��� �	�� (

�	M�& �L@� I��W� � 	! �L@�_3 " 	3  ��	20' I��W� H�
p

�	M�& "  	! ��
' I	�@
P! �'	M& �� .C1	G' ��
' �	3

�
C' ��WU& .C1	G') J��� ���p<0.01 .(  

����  H���	�'  .,�	2'  g�	0�   	!  �L@�  I��W�  �	3

  *"�F)12  H��0��� .� ��� �	�� ( =1� �"� ���" �@��

75/4  )67/7  �@��  �(2  )49/12  �@��  �(18/1  )25/10  

�@�� " (6/0 )34/13 �@���L�' (  	! .� k
��' �0'S1  

  H��0��� .�
�.����	! ���" �@��  =1� �"� 	38   )68/12 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            12 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ����� �� 	
� ���
�
� ��������������
�  ������� ���� �� ��
���� 
   ... / �����  '��
�/� D   
  

 

156 

 

�@��  "  (25/0   �L�'�0'  )01/10  �@��   	!  ��  (S2  

������  H��0��� .�� ���(.����	! ���" �@��  =1� �"� 	3

2/11  �L�'�0'  )79/15  �@��   	! �� (S3    .�� ��3	�'

  H��0M�.����	!  ���"  �@��  =1�  �"�  	375/4  )2/4  

�@��  �(2  )11/4  �@��  " (18/1  �L�') �0'07/9  �@��  (

   	! .� k
��'S3    H��0M� .�
�.����	! ���" �@��  �"� 	3

  =1�2/11  )50/10  �@��  " (6/0  �L�') �0'61/8  �@��  (

   	!  ��S2  ������  H��0M�  .��  ���(  ���"  �@��

.����	!  =1�  �"�  	38  )29/7  �@��  "  (25/0   �L�'  �0'

)14/9 �@��   	! .� k
��' (S1   .�
�  

���� H���	�' .,�	2' g�	0��	M�& �L@� I��W� �	3 �	3

  *"�F) .C1	G' ��
'12  H��0��� .� ��� �	�� (  ���" �@��

.����	!  =1�  �"�  	32/11  )81 /12  �@��  �(8  )02/20 

�@��  �(75/4  )50/7  �@��  �(2  )19/8  �@��  �(18/1 

)27/14  �@��  �(6/0  )29/10  �@��  "  (25/0  �L�'  �0'

)39/9  �	M�& �� (%H1  ������ H��0M� .� �1	A�� .�� ���(

.����	! ���" �@��  =1� �"� 	32/11  )0  �@��  �(8  )53/0  

�@��  �(75/4  )12/1  �@��  �(2  )07/1  �@��  �(18/1 

)88/4  �@��  �(6/0  )39/5  �@��  " (25/0  )49/6  �@��  (

�	M�& ��H0   .����( ��3	�'  

�	M�&  ��	20'  ?
$M3��  H���	�'  .,�	2'  "  	3

 	!  *"�F) .C1	G' ��
' �	313 H��0��� .� ��� �	�� (

  ���2'.����	!  ���"  �@��  =1�  �"�  	32/11  �L�'�0'  

)47/13  �@��  �	M�&  ��  (S3H  �1	A  ��  .�
� H��0M�  .�

  ���2'��  )0  �@���	M�& �� (  �	3S1H0  �S2H0    "S3H0  

  �	M�& .�� ��3	�'S2H1    H��0���.����	! ���" �@��  	3

  =1� �"�8  )53/26  �@�� �	M�& .� �1	A�� .�
� ���� ��  (

S1H0    "S2H0  ) H��0M�0  �@��  (.����	! ���" �@��  	3

  =1�  �"�8  )  ���2'  H��0���  .�
�  ����  ��50/10  �@�� (

.����	! ���" �@��  =1�  �"� 	375/4  �L�'�0'   �	M�&  ��

S1H1  �1	A  ��  .�
�)  H��0M�  .�0  �@��  (��  ���2'    ��

  �	M�&S3H0  ������  �	M�&  .��  ���(S3H0    H��0���

)33/20  �@��  ���2' (.����	! ���" �@��  =1� �"� 	32   ��

 �1	A �� .��� �	��  �	M�& .�S1H0  ) H��0M�0  �@�� ���2' (

  ��) H��0��� .��� �	�� ��63/17  �@��  ���2' (  ���" �@��

.����	! =1� �"� 	318/1  �	M�& ��S3H1   �� .�� ��3	�'

�1	A) H��0M� .�57/3  �@��  (�� ���2'    �	M�& ��S3H0 

)  �l���A  .��  ��3	�'53/15  �@����2'  (  �  ���"  �@��

.����	!  =1�  �"� 	36/0    �	M�& ��S1H1    .����( ��3	�'

�1	A ��) �O��A .�37/2  �@��  (  �� ���2'  �	M�& ��S1H0  

  �	M�&  .����(  ��3	�'S2H0    "S3H0  .� H��0���  V�&�&

)60/12  �@��) H��0M� " (50/2  �@��  ���2' (  ���" �@��

.����	! =1� �"� 	325/0 �L�'�0'  .����� �	�� ��  

  

  

 VD
?11: �;�
G
� �;�D 
\�� ];
���D ���J�) ^�,�� ["� �� 
�WS (  

 I	C��' H���	�'  

 ���{& %�	
'   ����� .F��  WS11/2 WS8  WS4/75  WS2  WS1/18  WS0/6  WS0/25  

  	!  2  **94/109  **21/133  **52/46  **78/278  **30/12  **10/100  **12/3  

 �	M�& 1  **91/649  **27/429  **05/95  **76/252  **29/101  **98/177  **02/46  

 	!× �	M�&  2  **02/58  **21/77 **44/17  **40/103  **76/58  **01/119  **82/50  

	G!  12  04/0  03/0  05/0  02/0  04/0  03/0  04/0  

) I����{& V��D٪ (    47/1  57/1  06/4  57/1  01/2  58/1  01/2  

** �
C' ]G� �� ���1 .�@��  

  

 VD
?12 _�`;
�� �S�
5� : �>\� 6��Z��;�
G
� �;�D 
\��) ^�,�� ["� �� 
�WS ( 

   �	M�&  WS11/2  
)mm ( 

WS8  
)mm (  

WS4/75  
)mm (  

WS2  
)mm (  

WS1/18  
)mm (  

WS0/6  
)mm ( 

WS0/25  
)mm ( 

  

  

�L@� I��W� 

S1 b03/2±33/14  c19/1±29/7  a70/1±67/7  a83/1±49/12  a71/0±25/10  a05/2±34/13 c60/1±14/9 

S2 c64/1±50/10  a27/2±67/12  b79/0±39/5  b18/2±05/10  c27/1±47/8  c81/0±61/8 a72/0±01/10 

S3 a57/2±79/15  b13/2±21/12  c84/0±20/4  c81/0±11/4  b43/1±07/9  b99/0±18/9 b80/1±33/9 

H1  d28/0±81/12 a68/2±02/20  b98/0±50/7  d13/2±19/8  a84/0±27/14  c33/1±29/10  c29/0±39/9  

H0  d0±0 d27/0±53/0  d48/0±12/1  e30/0±07/1  e39/0±88/4  e70/1±39/5  e55/1±49/6  

�
C' I"	<& �
F" ���	�� �
0� �3 �� I"	<0' y"�A���� .J�� �@�� .� *"�F �!�� ���n� .J�� 	3�	M�& H�� ���	3±) �	�C' �� �	d0��SE  .(  

  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            13 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ��D� 0�OOO��OOO�19 ��
/) 02 01404      

  
 

157 

 

 VD
?13�;�
G
� �;�D 
\�� & 
5�� 6��Z� _�`;
�� �S�
5� :) ^�,�� ["� �� 
�WS (  

   �	M�&  WS11/2  
)mm ( 

WS8  
)mm (  

WS4/75  
)mm (  

WS2  
)mm (  

WS1/18  
)mm (  

WS0/6  
)mm ( 

WS0/25  
)mm ( 

  

  

 I��W�

 ��	20' 

S1H1 a07/0±27/13  c06/0±40/9  a06/0±50/10  b09/0±57/16  b10/0±60/12  a09/0±53/15  d06/0±30/8  

S1H0 c0±0  e0±0  d38/0±97/2  f0±0  c15/0±27/6  f02/0±37/2  e27/0±37/4  

S2H1  b06/0±70/11  a09/0±53/26  c06/0±80/3  d09/0±73/2  b07/0±57/12  d03/0±87/6  c09/0±67/9  

S2H0 c0±0  e0±0  e06/0±40/0  e09/0±17/1  d06/0±80/4  b03/0±53/9  a06/0±60/12  

S3H1  a09/0±47/13  b09/0±13/24  b12/0±20/8  c09/0±27/5  a09/0±63/17  c07/0±47/8  b12/0±20/10  

S3H0 c0±0  d58/0±60/1  f0±0  a03/0±33/20  e12/0±57/3  e15/0±27/4  f06/0±50/2  

�
C' I"	<& �
F" ���	�� �
0� �3 �� I"	<0' y"�A���� .J�� �@�� .� *"�F �!�� ���n� .J�� 	3�	M�& H�� ���	3±) �	�C' �� �	d0��SE .(  

  

j2   �J��; D ���K  

)  ���
���pH()������"�  B��
�  B�> 
Q  0EC(    
\��  D

 [�P  

�.C1	G'  ��
'  g�	0�  Rd[   ?���>�  =3�  �@��    "  .�

  ����'  ?3	� �� *	d��pH    �	M�&  ��S3H1    "  H�
p _3

 ����' ?3	�EC  �	M�& ��S1H1 �' �	�� �3�  �� ;5 .�

  ��	' .� J�Y(  R��[ �� �$�'
�3 I	d���&  ?���>� �@��

  =3�  ����' ?3	� "pH    "EC  ���� �0dl' I��W    ?���>�

.����	! �����	5 �� �
'�� ��
' .�D�> .��0� H�� .����� 	3

�
C' ��W	& �� �
d' R�2S& H��  ?���>� �� �$�'
�3 ��
' ���

 	! �����	5  ?�	��> .� c	,A �	3 ��	�    �� .C1	G' ��
'

�' ���	&��	M� .   J����� " �X|� I	C1	G' }
P! H�� ��

)2013 ���� �W� ����� �� (    �<,> #YF �	0>� �� =�'
�3

  �	�� �$3�  	! �� ���  ���� .�    #YF ?���>� 	� =�'
�3

  mn	� � 	! �<,> }
P! .� ���YZ �@	
n  ?���>�  �@��

  =3�  ?3	�  "pH    "EC     	!�'�
�  )34( .  _3H�
p 

.MC[) ���	$M3 " ����2021  (JTLZ ��W	& ����� ��  �	3

����  	3� " J��	�LO  �� =�'
�3   	! ���YZ �@	
n ��	�

 ���� .� ����� E���(    ���YZ �@	
n ?���>� mn	� =�'
�3


F
'  =3� �@�� "  	! �� �"    ����' ?3	�pH    "EC  

�'   	! "  �
�  �	!  �����	5  R��[  H��  ��.���	3    ?���>�  

�' ��	�  )39(  ..��L�  �
[  �'  I	d���&  .�  J<(  ��
&

*	C> r�F �$�'
�3  	! �� �
F
' ��	�M��
�� ��
' H��&

	C> ?���>� R��[ �� " �
0,3��"�$�' J�1    ���YZ �@	
n "

 	!�  �� J�dl& "  	! �4�,�� " �1� H��� ?���>� ��,��

  VF
'  �	3	�(  �0
�
0>  ��  �
F
'  H��� �@��  ?���>�

 " =3� �<
' I��W� ?3	�pH  "  EC �'  	!) ��
�3  .(  

 'FD���; 
\�� D � D���� ]�L�  

  g�	0�  �D	A  .C1	G'  �f"�0��  �@�� ?���>� ;<
&  "

  ��"�$�'  �	M�& ��S3H1  �' �	��  I	d���& ]�2L& .� �3�

$�'
�3�     	! ��S3   	! �f"�0�� ?���>� mn	�  ?���>� �

��"�$�' J�1	C>     	! �����	5 ?���>� �� *	d�� .� "��  .

 .C1	G' H�� �� �
'�� ��
' .�D�> ��

����	& ��� .��0� H��

.J��  �1  }
P! H��  ��  )  ���	$M3 "2019  .C1	G' �� (

���� ��WU&    K��	� �	�( "  	! I	�@
P! �"� �� =�'
�3

����  .�  �����  E���(  �
�'�    ?���>�  mn	�  =�'
�3

  " ��$LMn �
dX� "  	! �1� ��
' �_��	05 ��<,> ��f"�0��

�' �
�'� K��	� �	�( J�<���
�  )22(  .  �&
$L' " I�"	M�

)2005����  ��  ��	<0��  "  ��1
&  I�"�D .C1	G'  ��  (  �	3

 H�� .� ���"	�� Iv
PS' �<�� " �M� ?���>� ���� �1�

���� �
�	' �1� �	3���� .� ������ .��0�    �l�� 	� =�'
�3

  ����  �	3�
�  "  #�  ��  "  ��
�  �	(�	�  ��	�M�� �	3�
�

�' �A ��
! .� _3 %�	'  �� Jdl' �W� �	��� R��[ �� " �
�

�>� mn	� ��"�$�' J�1	C>  �� *	d�� .� "  	! �����	5 ?��

�' �3	�( ?�
5 ?���>� ��
�  )35( ..� �L� �
[  I	d���&

�>� R��[ �� .� �
0,3 �1� ��
' �$�'
�3  �	'� I�' ?��

� 	! �� �
F
' J�
[�   	! ���d& ?3	�    _3 " H�
p

.�   	! ���YZ �@	
n ?���>�  ?���>�  mn	�  ��f"�0��  �4�"

 ��"�$�' J�1	C>     	! ���' ��"�$�' ;<
& " ����(  )21( .  

)  ^�,��  	
�  ���;
��  B�D
5�WP  e��;  � ��  ��  (  D

B�!/? ) � D����MP (  

  �D	A  .C1	G'  ��  ���	2'  ?���>�  �$��	$'  J'"	2'

#
[�'  	!   " ��"�$�' J�� .�  �	M�& �� V�&�&S2H1   "

S3H1  ���  �	��   ?���>�  ��  �$�'
�3  I	d���&  .�

w
<�  ���� V�	
' `���� �	��� "  	! �� #� ���Y5  J�1	C>

_,��	(��"�$�' ��<' �	3 .����� �0dl' I��W�  ��� .��0� H��

 ��
' .�D�> ��

����	&R�2S& .J�� .C1	G' H�� ��  	0�"�

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            14 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ����� �� 	
� ���
�
� ��������������
�  ������� ���� �� ��
���� 
   ... / �����  '��
�/� D   
  

 

158 

 

)  ���	$M3  "2018  ��WU&  .C1	G'  ��  (  ���� ��  =�'
�3

  .�  ���
M�  E���(   	!  I	�@
P!  "  K�
(  ��$LMn

�
�  ����  �"	A  �	3  #YF  Jd,�  ��  ���{&  	�  �=�'
�3

  .�  �2[	
'  ��   	!  ���Y5w
<�  ?���>�  .���
'  _���

 _��� #YF Jd,� �� ��	� ��$3� J��"�S' �����  	!

�' ��
0,3 v	��
�  )31(  .�
��$���  ) ���	$M3 "2018  (

.����	! I	dW �� �$�'
�3 ��
' ��WU& .C1	G' ��   	! �� 	3

 �<�"���  ��Z  "  (_,��	(��"�$�'  �"	A   	!)  �<�"���

  ��
'  .�  �����  E���((_,��	(��"�$�'  �"��   	!)

  ���� V���&) �$�'
�3  ���� " =�'
�3   	! �� (=�
1
>

_,��	(��"�$�' ?���>� mn	� �<�"���   	! ���C' ��
' " 	3

 	! �����	5 �� *	d�� .� ".����' 	3   	! �� �1" ���(

���� ����
p ��WU& �<�"�����Z��  )21(.  

.��' �L� �
[  R��[ �� �$�'
�3 ��
' .� J<( ��
&

 ?
& .� J'"	2' ?���>� ����YZ �@	
n #YF ?���>�  �	3

>  }�
!  �
dX�  ��$�!  	!  ��	�M��  "  �$���  ?���>�  �

  "  �f"�0��  J�dl&�@	A���!   	!    ?���>�  mn	�  

w
<� 	! �����	5 " ���Y5  " ��	� ?�	��> .� c	,A �	3

 �' �	3	�( ��� ?���>� .��0� ��) ��
�34.(    

�;�
G
� �;�D 
\��) [h� ["� �� 
�DS (  

  �	M�& .� ��� �	�� �D	A .C1	G' g�	0�S2H1   ���	2'

.����	! ���" �@��  =1� �"� 	32  �L�'  �0'  ��� ?���>� ��

.����	! �����	5 �� "��� �	�� �0dl' I��W� 	3  . .��0� H��

.J�� .C1	G' H�� �� �
'�� ��
' .�D�> ��

����	& ���    ��

  }
P!  H��L(�HM,  )1999�  ( I	d���&  ��WU&  ��
'  �

 ��  �$�'
�3    ��"�>�  .�  ������  .��0�  H��  .�   	!

 	!  ��$�&  mn	�   	!  .�  �$�'
�3  I	d���&.���  "  	3

.��  J�>�t  ���3	t  }
P�'  ��"  �
dX�  �J�
[�  ����

�@	A���!    "  _���&  .F��  � 	!  J�L�	O  J���3

�' �$�1"���3  ��	� " ��� ?�	��> ����� �� J'"	2' " �
�

�' �
dX� ������  )19(  .�1�rQn �H  �A
' ") �2009  �� (

  " �1�	d& _��� ���2' �� �$�'
�3 I	d���& ��WU&  .C1	G'

 	! �����	5.��� �� �$'
�3 I	d���& .� ����� E���( 	3

  �	M0!	� �� �1�	d& _��� �d���& �W�  ?3	� mn	�  	!

�'  	!  	! ������ ������	5 �4�" ]G� ?���>� 	� " �
�-

.����' ?���>� �� 	3 �3�  )4(.� . �$�'
�3 I	d���& �L� �
[  

 	!  ���YZ  �@	
n  ?���>�  R��[  ��w
<�  ?���>�  �  ���Y5

���d&  ?3	� "  	!  ?3	� " _���
' "  _�,L� ?���>�  �

��  #YF  Jd,�  "  _���  ����  J'"	2'  ?���>�  mn	�  _�

�' .����	! �����	5 �� *	d�� .� "  	!) ��
�38  .(  

�;�
G
� �;�D 
\��) ^�,�� ["� �� 
�WS (  

  �	M�& .� ��� �	�� �D	A .C1	G' g�	0�S2H1   ���2'  

.����	! ���" �@��  =1� �"� 	38  �L�'  �0'  ��� ?���>� ��

  "�' N
D
' H�� 	dO	C0'�	�� ���
&   ��
' Jdl' ��W	& ��
3�

  ?3	�  "   	!  �$���>  I	�@
P!  �
dX�  ��  �$�'
�3

   	!  J��	,A  �����  ��?�	��>  ��	� }
P!  H��  ��  .

���	�  )  ���	$M3  "1999  .C1	G'  ��  ( ��  �1�  ��
'  ��W	&

��> I	�@
P!�   	! ��	�M�� " �$.� ����� �	��    ��"�>�

  ��$�1"���3 J���3 �
dX� mn	�  	! .� �$�'
�3 I	d���&

.��  J�>�t  �_���&  .F��  ���3	t  �1	�p  �J�
[�  ����

�@	A���!    ��	� " ��� ?�	��> ����� �� J'"	2' "  	!

�'�
�  )42(.� .  �
dX� R��[ �� �$�'
�3 I	d���& �L� �
[

.�� J�>�t � 	! ��3	t }
P�' ��" � 	! �	M0!	�-

J�
[� ���� �f"�0�� 	@
P�' ���YZ �@	
n #YF ?���>� �

� 	! I��w H�� �(�
d,p ?���>� "   �����	5 ?���>� mn	�

�' ��	� " ��� ?�	��> ����� ��  	!) ��
�28  .(  

.�  �L�  �
[.�  �D	A  .C1	G' ��W	&  �����  �
T
'

  �
dX� �� (=�
1
> ����+=�'
�3 ����) �$�'
�3 I	d���&

 %&��'  ��   	!  ��	�M��  "  �$���>  I	�@
P!  �!��

  .0>	� V���&[  .�� K	��� �	0,�� �YZ	.�  g�	0� �L� �
[

  .� ��� �	�� �D	A .C1	G'  ����	�  �$�'
�3 ��
'  �
dX� ��

 	!  ��	�M��  "  �$���>  I	�@
P! .0>	�  V���&  �	3

  R�2S& ��
' %&�'�
� �W
'  �� �$�'
�3 I	d���& ����	� .

  � 	!  ��  #�  ���Y5w
<�  ?���>�  � 	!  �f"�0��  ?���>�

 V�	
' `���� �	��� 	dO	C0' "  	! ��"�$�' ;<
& �
dX�

_,��	(��"�$�' J�1	C> ���� .�
0��� �0dl' I��W�  	! �	3

��  �N
M�'    �$�'
�3 ��
' ����	��	$3�� 	� .,�	2' ��  ��	3

  ��  ��	<0��  �
�	'�
���	�M��  �	3  ��  ]G�   	!�	3  

c	,A  .�  V���&    ��	�  ?�	��>  ".���

n   =� 

 \Q@���

�   	! �  ��	O  c�0��  "    H�
eM3���0�"� 

`�S'  J,��  �'���
&  ���  ��	�  Q'	�    ����	5��   �
dX� 

  I	�@
P!�$���>  ��	�M��  "   	!  "  .��0���   ?���>�

 .��	�  	! �����	5

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            15 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ��D� 0�OOO��OOO�19 ��
/) 02 01404      

  
 

159 

 

References  
1. Abedi, T. & H. Pakniyat, 2010. Antioxidant enzyme changes in response to drought stress in ten cultivars of 

oilseed rape (Brassica napus L.). Czech Journal of Genetics and Plant Breeding, 46 (1): 27 -34. (In Persian) 
2. Aliasgharzad, N, 2011. Laboratory methods in soil biology (translation). University of Tabriz Publications, 

Tabriz, 546p. (In Persian) 
3. Anwar, S., F. Iqbal, W.A. Khattak, M. Islam & S. Khan, 2016. Response of wheat crop to humic acid and 

nitrogen levels. EC Agriculture, 3: 558-565 . 
4. Alaaeddin, M.Z. & S.A.R. Movahedi Naini, 2009. The effect of specific surface area, organic matter, 

exchangeable sodium content and salinity on the stability and size of aggregates, Proceedings of the 15th 
Iranian Soil Science Congress, 11: 1542-1544. (In Persian) 

5. Amirnezhad, H. & H. Rafiei, 2010. A study on the effect of socio-economic factors on users’ participation 
in range management projects. Journal of Rangeland, 3(4): 710-722. (In Persian) 

6. Arami, S.A., M. Ownegh, M. Mohammadian Behbahani, M. Akbari & A.R. Zarasvandi, 2018. Statistical 
analysis of spatio-temporal pattern of dust storms in the west and southwest of Iran. Journal of Water and 
Soil Conservation, 25(1): 61-83. (In Persian) 

7. Ahmadi, H., M.R. Ekhtesasi, S. Feyznia & M.J. Ghanei Bafghi, 2002. Control methods of wind erosion for 
railroads protection (case study: Bafgh region). Iranian Journal of Natural Resources, 55(3): 327-339. (In 
Persian)  

8. Akladious, S. & H. Mohamed, 2018. Ameliorative effects of calcium nitrate and humic acid on the growth, 
yield component and biochemical attribute of pepper (Capsicum annuum) plants grown under salt stress. 
Scientia Horticulturae, 236: 244-250. 

9. Asenjo, M.C.G., J.L. Gonzalez & J.M. Maldonado, 2000. Influence of humic extracts on germination and 
growth of ryegrass. Communications in Soil Science and Plant Analysis, 31 (1-2): 101-114. 

10. Bihamta, M.R. & M.A. Zare Chahouki, 2011. Principles of statistics for the natural resource’s science, 
University of Tehran Press. 300 p. (In Persian) 

11. Cappuccino, J.G. & N. Sherman, 2007. Microbiology: a laboratory manual. Dorling Kindersley Pvt. Ltd, 
License of Pearson Education, New Delhi, India, 143-193 pp. 

12. Erci, V. & C. Şeker, 2024. Humic acid effects on wind erosion control in sandy clay loam and clay loam 
soils: A wind tunnel study. Soil and Environment, 43(2): 222-229 . 

13. Fortun, A., J. Benayas & C. Fortun, 1990. The effects of fulvic and humic acids on soil aggregation: a 
micromorphological study. Journal of Soil Science, 41(4):563-572. 

14. Fazelnia, Gh., 2015. Evaluation and comparative of quality of life indicators in extended and nuclear families 
case study: The rural areas in poshtab district of Zabol. Journal of Rural Research, 5: 30-35. (In Persian) 

15. Gee, G.W., J.W. Bauder & A. Klute, 1986. Particle-size analysis. Methods of soil analysis. Part 1. Physical 
and mineralogical methods, PP: 383-411.  

16. Gliessman, S.R, 1999. Agroecology: Ecological Processes in Sustainable Agriculture. USA: Lewis 
Publishers (CRC Press), 220 p. 

17. Gupta, S., M.G. Kulkarni, J.F. White, W.A. Stirk, H.B. Papenfus, K. Doležal, V. Ördög, J. Norrie, A.T. 
Critchley & J. van Staden, 2021. Categories of various plant biostimulants - mode of application and shelf-
life. Biostimulants for Crops from Seed Germination to Plant Development, 1-60 

18. Jackson, M.L., 1967. Soil Chemical Analysis. Prentice-Hall of India Pvt. Ltd., New Delhi, 498p. 
19. Jafari Haghighi, M., 2003. Soil analysis Methods: Sampling and important physical and chemical analyses. 

Nedae Zoha Press, 240p. (In Persian) 
20. Kooch, Y., F. Rostayee & S.M. Hosseini, 2016. Effects of tree species on topsoil properties and nitrogen 

cycling in natural forest and tree plantations of northern Iran. Catena, 144: 65 -73. 
21. Kobierski, M., K. Kondratowicz-Maciejewska, M. Banach-Szott, P. Wojewodzki & J. Matias Penas 

Castejon, 2018. Humic substances and aggregate stability in rhizospheric and non-rhizospheric soil. Journal 
of Soils and Sediments, 18: 2777-2789. 

22. Li, Y., F. Fang, J. Wei, X. Wu, R. Cui, G. Li, F. Zheng & D. Tan, 2019. Humic acid fertilizer improved soil 
properties and soil microbial diversity of continuous cropping peanut: A three-year experiment. Scientific 
reports, 9: 1-9.  

23. López, M.V., J.M. de Dios Herrero, G.G. Hevia, R. Gracia & D.E. Buschiazzo, 2007. Determination 3of the 
wind-erodible fraction of soils using differentmethodologies. Geoderma 139: 407–411. 

24. Memardastjerdi, R., S. Minaei & M.R. Mostofi Sarkari, 2006. Design and evaluation of a device for 
continuous measurement of soil mechanical strength, 4th National Congress of Agricultural Machinery 
Engineering and Mechanization, Tabriz, Iran. (In Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

                            16 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html


 ����� �� 	
� ���
�
� ��������������
�  ������� ���� �� ��
���� 
   ... / �����  '��
�/� D   
  

 

160 

 

25. Muscolo, A., M. Sidari, O. Francioso, V. Tugnoli & S. Nardi, 2007. The auxin-like activity of humic 
substances is related to membrane interactions in carrot cell cultures. Journal of Chemical Ecology, 33 (1): 
115-129. 

26. Nelson, D.W. & N. Sommers, 1982. Total carbon, organic carbon, and organic matter. Methods of soil 
analysis. Part 2. Chemical and microbiological properties methods of soil, pp: 539-579. 

27. Nan, L., Z. Dong, W. Xiao, C. Li, N. Xiao, S. Song, F. Xiao & L. Du, 2018. A field investigation of wind 
erosion in the farming–pastoral ecotone of northern China using a portable wind tunnel: a case study in 
Yanchi County. Journal of Arid Land, 10: 27-38. 

28. Ounia, Y., T. Ghnayaa, F. Montemurrob, C.H. Abdellya & A. Lakhdara, 2014. The role of humic substances 
in mitigating the harmful effects of soil salinity and improve plant productivity Inter. Journal of Plant 
Production, 8: 353-374. 

29. Royan Consulting Engineers, 2006. Instructions for Laboratory Analysis of Soil and Water Samples, Journal 
No. 467, Vice President for Strategic Planning and Supervision. (In Persian) 

30. Rossi, F., E.J. Olguın, L. Diels & R. De Philippis, 2015. Microbial fixation of CO2 in water bodies and in 
drylands to combat climate change, soil loss and desertification. New Biotechnology, 32(1): 109-120. 

31. Rusta, M.J., K. Enayati, W. Soltani, M. Shiran, F. Ghaneh, N. Besharat & A. Neshat, 2018. Effects of humic 
acid application on yield and yield components of wheat and some soil properties in a saline soil. Journal of 
Soil Management and Sustainable Production, 8: 95-108. (In Persian) 

32. Shekl Abadi, M., H. Khademi & A.H. Charkhabi, 2003. Runoff production in different material soils in 
Golabad Ardestan watershed. Agricultural and Natural Resources Sciences and Engineering, 7(2): 85-101. 
(In Persian) 

33. Sadeghi, S.H.R., H. Khairfam, M. Homaee & B. Zarei Darki, 2017. Improvement of water infiltration in an 
erosion-sensitive soil in laboratory conditions through artificial increase of soil microorganism population. 
Iranian Soil and Water Research, 47: 798-805. (In Persian) 

34. Sepehr, A. & R. Zebardast, 2013. The effect of humic acid on phosphorus uptake behavior in calcareous soil. 
Journal of Water and Soil, 27: 731-720. (In Persian) 

35. Samavat, S. & M.J. Malakouti, 2005. The need to use organic acids (humic and fulvic) to increase the quantity 
and quality of agricultural products. Technical Publication No. 463. Senate Publications. Tehran. Iran. (In 
Persian) 

36. Sebahattin, A. & C. Necdet, 2005. Effects of different levels and application times of humic acid on root and 
leaf yield and yield components of forage turnip (Brassica rapa L.). Agronomy Journal, 4: 130-133.  

37. Shiyatyi, E.I, 1965. Wind structure and velocity over a rugged soil surface. Vestnik Sel.-khoz. Nauki, vol. 
10. Alma-Ata (in Russian) (Cited by Zachar, D. 1982. Soil Erosion. Elsevier/North-Holland Inc., New York. 
547 pp. 

38. Tan, K.H. 2011. Principles of soil chemistry. CRC Press. 390 p. 
39. Toamehzadeh, J., A. Gholami., M. Nourzade hadad., A. Hassani & K. Mohsenifar, 2021. The effect of humic 

acid concentrations on alkalinity and release of soil nutrients, germination and grass growth index in Lawn. 
Journal of Environmental Science and Technology, 29: 87-99. (In Persian) 

40. Yang, F., S. Zhang, K. Cheng & M. Antonietti, 2019. A hydrothermal process to turn waste biomass into 
artificial fulvic and humic acids for soil remediation. Science of the Total Environment, 686: 1140-1151. 

41. Yoder, R.E., 1936. A direct method of aggregate analysis of soils and a study of the physical nature of erosion 
losses. Agronomy Journal, 28: 337-351. 

42. Zebarth, B.J., G.H. Nelisen, E. Hogue & D. Nelisen, 1999. In fluence of organic waste amendmends on 
selected soil physical and chemical properties. Candian Journal of Soil Sciety, 79: 501-504. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
04

.1
9.

2.
2.

7 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

ai
l.r

an
ge

la
nd

sr
m

.ir
 o

n 
20

26
-0

5-
26

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1404.19.2.2.7
https://mail.rangelandsrm.ir/article-1-1276-fa.html
http://www.tcpdf.org

