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In this study, using modern technologies and a model for soil rehabilitation, a 

comprehensive solution is proposed for the restoration of alluvial desert lands in an area 

near Hendijan (one of the hot spots in Khuzestan province). In the year 2001, three 

provinces faced the issue of fine dust; after five years, the problem doubled, and after 
10 years, it expanded to 14 provinces. Although large dust storms do not occur 

frequently, when they do happen along their path, they can be either amplified or 

weakened, resulting in prolonged and more widespread regional damage. Therefore, 

implementing local source control measures can lead to regional dust control and reduce 

the intensity, concentration, and persistence of widespread dust storms. The study 

adopts a multi-dimensional approach that includes: using seasonal precipitation and 

flash floods for soil rehabilitation, aquifer recharging and soil leaching, employing 

bioengineering measures and planting drought-resistant vegetation, reducing salinity 

and evaporation, as well as preserving soil moisture. Implementing this model on 1,000 

ha of alluvial lands has led to land restoration and effective, long-term control of dust 

storms with accompanying social benefits. Important outcomes of the project include: 
eliminating the need to transfer hundreds of billions of cubic meters from conventional 

water resources at high costs, Preventing the salinization and alkalization of lands, 

eliminating the use of oil-based mulches (which are not only expensive but also 

environmentally harmful), achieving a fully integrated rehabilitation of the lands as a 

more sustainable option (in contrast to point-wise planting of 200 low-yield trees per 

ha, which incurs several times higher costs and comes with maintenance and 
environmental challenges). This innovative model can serve as an efficient framework 

for the rehabilitation of other areas affected by soil erosion and dust storms. It plays an 

important role in sustainable land development and the improvement of environmental 

conditions, as well as in the production of forage, food, and industrial products with 

higher advantages, lower costs, and greater sustainability. 
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EXTENDED ABSTRACT 

Introduction: Wind erosion is a phenomenon that occurs most often in arid and semi-arid regions. One of the 

main ways to prevent wind erosion is to develop vegetation and mulching. Mulches and various soil covers, by 

adhering individual particles, first stabilize the unstable substrate and provide the necessary conditions for the 

establishment of vegetation. 
Methodology: Field operation and the implementation of biological, biomechanical and mechanical measures in 

the desired area resulted in soil reclamation. The ground surface (percentage of canopy cover, litter, bare soil, 

rocks and pebbles) was randomly sampled and examined from the habitats to a depth of 60 cm (from two depths 

of zero to 30 and 30 to 60 cm from the soil surface) Then, using multi-temporal satellite images (NDVI) of the 

vegetation cover of the area, changes of plant cover were identified. The characteristics of the resulting plant 

communities were also examined.  

Results and Discussion: The results of the study of the plant community level after the research showed that the 

highest level was observed in the Prosopis Juliflora community and the lowest in Halopyrum mocronatum. Also, 

the highest percentage of canopy cover belonged to the Prosopis stephaniana community (44.83 %) and the lowest 

percentage of canopy cover belonged to the Halopyrum mocronatum species (17.69 %). The results after 

conducting land reclamation and development research showed that in the study area, the density and surface of 

vegetation cover has grown well and the amount of dust in that area has been controled. Also, after implementing 

the vegetation reclamation operation, the percentage of soil, stone and gravel decreased by (87.16 %). The 

protective layer of vegetation in the target area has significantly reduced the amount of soil erosion and suspended 

dust particles in that area (79.33 %). 

Conclusion: Over the past decade, there has been significant focus on economically viable desertification projects 

that emphasize continuous public cooperation and participation. One of the most successful examples is the 

Hendijan pilot project, with similar achievements observed internationally in China, South Korea, and the 

Netherlands. The technical expertise gained from this model has proven invaluable in addressing one of Iran’s 

pressing environmental challenges-controlling dust hotspots.This pilot demonstrates that, in line with the natural 

capacities of the region, such projects can yield extensive benefits by increasing vegetation cover and stimulating 

aquaculture. Additionally, they create employment opportunities and support the implementation of various 

hydrodynamic technologies involving tidal flows, fisheries, and integrated plant-animal production systems. The 

resulting job creation not only boosts tourism and enhances agricultural and industrial services but also raises 

local incomes. At its core, the project capitalizes on the economic potential of the country’s delta regions by 

adopting a comprehensive watershed management approach and sustainable planning. This strategy seeks to 

utilize resource revenues for local development, improve community livelihoods, and reduce the advancing threat 

of desertification. Ultimately, the goal is to mitigate the origins of dust storms, protect vulnerable populations, 

and ensure that communities have access to a decent standard of living, adequate income, and improved life 
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expectancy. The project’s outcomes reveal that this method is scalable, cost-effective, sustainable, and 

participatory. It efficiently harnesses seasonal rainfall and flood events, thereby challenging traditional contractor-

oriented, non-participatory approaches. Importantly, it achieves these benefits without the need for extensive 

water transfer infrastructures, while also avoiding social disruptions and preventing soil salinization and 

alkalization. Furthermore, eliminating the need for costly and environmentally risky oil mulch spraying stands out 

as a key achievement. Continuous monitoring and evaluation of the implemented model are essential. This 

ongoing process will help to reinforce its strengths, address any weaknesses, and further solidify this innovative 

approach to managing natural resources and combating desertification. 
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 ��#>=? � ������ �� ����D S'	�? H	 �#- � ���� /�8" ���8��8-H_��(6>" H	 �#- � �#
� ��� 9��" ���<;H ����	 ���' $�87

�' �,	��#=� � �C<;�) ��01398( .  
 %\	� ����� (�,	�&? �#- H	 iB'J-�* S'	�? �]�7' (���&0 �'(1 ��0 I6; �=B' �� S�#
* � [�&* ��G�8-H�� (�0	� � �'�;	�* 

^C� ���t* �� ������ � [�&* I0����� ����� ��0 .(Rodrigues et al., 2018; Tariq et al., 2022) iB'J-�* S'	�? �1�� �fg' �� 
I&1	�� I0�� ����� �' 	� ,	�*���0 ,	+�' � i-�� ��1 ,��� �\��Z) �,	��#=� � �	�1400.( i�J�&V %-H�* (;�� �� ���8-H_�� ��

��b; `>��' S'	�? ��f�* �7* �E	�����* )�[�!*�	 ��B� �(^�0���� 9c'�)* �#-������ � ���\� �>'�#*  J��(;����� ' ��	 9��!�' `>��
)(Saima et al., 2018 .��
1 	-,	� �� ��� �1-��� $�N ���� %\	� ��0 ��	 (1 	-J �1-��� 	�	�� �BM� L�=0 $�N - $�&M Y�0 

��	� 	-J �1-��� H	 	�7Z� ���-( [��0 � U� H	 F� ��
1 Y	�? ��	� oF�&' $�N � �(v�d� $�&M $�N 	-,	� '���0� ��CN � ��� 
������ �� 	-J �G�	� (� �G�	� (;��8��* ��-�� �� 	-,	� '�;��� '���0 � (� ��'��� '�� JQ�� � (�Q�� ���7' ���� ��	 )T�	 � �6�6" ���
1394( .��	 9�0 	-J ,�E�F�� H-�� �0�C; ��1��� /��	H �&;�=� ��� �� ��	�� ,��� S=? ���1 � H	 ���� ��CN � ��� ��>M��� '��=;-� 

� ,��� l6E '��&;	�* ��	� (6]&' ,���H�� �;�0 .(;�!���' �H��'	 ���G�	� �-�G� H	 ��CN � ��� �� ��
1 (�E�- I-	+E	 ��	� 1( �G�	� 
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(;��8'H '�;��� '���0 .;�#'�_+ �	��� �G�	� (;��8'H (�9��Z ��;�>#� ���� � oF�&' I���*� H	 ��
1 	� �� ����] E�F,���� �	�\ 
'����. ,�'H �	��� 	-J �G�	 J=B� ��' ��	� �(��F�(1 ��CN � ��� H	  (6]&'�&�-,�< � ��'�B0 �&>� '���0� ��	� Y	�? � �1-� '���0 
� U� H	 F� 8'��� 
��V� (� (]6; [��0 ��� (�
��� � ��CN � ��� SZ�" ��0 	� (� ��'�B0 �  S1,���H�� '��-+ .��� (M�*  (� 9�Cf	

I6; � ��=�	 K��"	 ����� I0��� -#� H	 �	���� ��=?  ����>M��� H	 ���E-I ����� ~	�"	 J#0���� ()��* I0������� � k��' �0�� 
��	. J#0����� �� I��1 �?�� ��� �* �" �(;��� ���E-I � k��'�� � ��� W����� `>��' ;�+ �� ,�;�C8V 9	�w ��!&' �?�� '���0 �* 
��8� ���;-�	� 	���	 Cx*�� ��0 � 	�0-l _Hp 	��� 	-��< I0������� 	� i�	�E ����. ,�'H� ���G�	� `>��' ���J#0 �� !��	��� H	 (\����� 

;�� W����� `>��' k��' 0��� �� ���!��	 H	 �	�' �!;� � )*��J �f	 ,��� ��� �	�6��	 I0�� ����� � i�J�&V �'H�-I��� �'��) �-�G� 
�� ���' ���H��� (;���� �� 	�0-l (m*��� (��'	� ,���H�� _�<;	 � ��0 ��;-z ,��� �� L����� (�0a� ���1 	��� ��
�;	 ��	. �� 	-J 

I��� �� ���!��	 H	 ��;-z 67*�9�6 (�0a� � �(���1��� ���&E���� �M-� �� ^��\ h�F �G�	�- � ���&��
 � �� {]� 1000 ���#� �� 
���!��	 H	 ���&E���� �;-J �&;�'  H	 ���!��	>�����=� 0�=�;�� � H-�8� )(�,	�&? �M-+G-J k��'��� �!;�( � i�J�&V �	 ���!�H	 ���Q�-��� 

� �;�L��8#*��� CF�)� � ?�&d'� (�),	�&? J#0��� N�� ��;H( _	�* �� �0�1 ��,��� ���H�� � _��6' (� ��0� � #
�� (�9��Z �
-�'H� 
	�M	 ��0 ��	.  

  

 ��� � ���8W
�X�  

@;=�U8 ���8 @�U&8 

 (6]&'���' ()��]' ��J 9�qqd��' 4907 �* 4955 L�F \�qq0� � 20000 �* 30033 u�? ��=0� %\	� �� $�&M \�0� ,���	 ,���H�� � 
�� 9���<' ,��qq�	 �Bqq0�� �qq�	 .	-J (6]&' H	 �=� L�=0 (� ��1 X� !��� � (�0� ��1��� /��	H � H	 �=� $�&M (� >��z /��E 	H 

Y�0 (� ��&� �� ���F� � �� $�N (� ,����B0 ��'�B0 B�&'� '���0. (6]&' ���' ����� �"�8'� �� ���" 5000 1���'�> %��' 	� S'�0 
'���qq0 (1 �'�=* �qq0� �E���� �qq�	 .	-J �qq0� (� �	�=� �qq0� H-,�� X�+��*-J �0���� �H�" (;����� �&�-,�< - ���H 	� (� ��� 

v�qqd��	 ��	��;	. ���Bqq0 �iB' �� 	-J (6]&' ��&� �)&qqZ� ��'�Bqq0 � �Bqq0 �&�-,�< �qq�	. (;����� ���H H	 +1�' �B0 �&�-,�<  ��C?
�'�&1 � 	-J �Bqq0 	� (� �� ;�(= \�0� � ��N� 86*�i '��=;-� .,����B0 �&�-,�< 	�	�� ���" 50000 �!; )=M�� ��	 � I���* (� �'	 

H���
1� � Z���� L�t�0	 �;�	�.  
$� � 	��� �"qqD( (;����� ���H - �&�-,�< �7* f�*�� �-����� E	�tM�Q��  �E�+-#� �-���� oF�&' �qq�	 .u�? E	�tM�Q�� � 

W��8� ����7' ,� �6*-�C ��J 30 �* 31 ��M( 	� �� �� '����� .	-J �H�" 	�	�� ?�!*�	� ��J 64/ �* 20 ��' H	 {]� ��-� 	� S'�0 '���0 .
9���<' �� ��-� �� I�����- H	 ,� � �+;-#� _�=* �H�" (� >��z /��E (1 	-J �'	 �� ��-�����- b;�� at*-( ���F�� 	�� H	 ���� �$ � 

��-i ����� �� 6'�/� >7'� �f�' �qq�	 . [�!*�	 �� ��!qq� ��1 ���=qq0 I�� ��3415 �H�" H	 	� �H�" ��' 	�M (,���1) ��qq
� � ,���' ���
�'I�� �� .�&1 (>\ �\�qq0���N � z;� ���(� ,	� [�!*�	 �� ^�*�*3718  �2898 �H�" �� �H�" J-	 SZ�E�" ��' (V�-�� � �1 (;����� ���

 ����B'��	 .i1�*i� ,�<-�&� (�"�; �� � ,���H�� �0� �� ���H �H�" [�!*�	 J- �-�� {]� H	�*��	(;����� L�F . ,�<-�&� � ���H ���
490  ��'�>�1��	. ��;������� (6]&' �*�=? 0�;� H	 9p�7* �M� (�8�	� (� i1 ����
E� �'-(;	��	� 6�8'�i � N�� 6�8'�i ��	 (1 H	 
[�]\ ��N� -&)� H	 �=qq� L�=qq0 $�N ����� � $�&M ��N� (6]&' 	� �7* f�*�� �	�\ '��&�� � ��	 ��)E����� ,��� �� ��'��� �w� �* 
�&!�	 ��	 .l���' ��;���� �� (6]&' ���' ()��]' 195 �* 215 '�>���' �� 	-��G�8 c=�� ��	.  

(6]&' �&�-,�< �� B�&'� �	�( $�&M Y�qq0 ,���H�� � $�&M $�N (6]&' /��	H V�J ����� %\	� ��0 ��	 .H	 ��7� ;�=����� 	-J 
���� �� L	��� � G�E���E� ���;-U ��&M� �\�*-U X� !qq��� #qq
*�S ��0 ��	 )(
6; 'H�J ��&0� ,�'H�� 'H�J ��&0�.( ��J# �	��'	 � 

()qq��* ,� H	 u�	�? ;�=���qq�� ����� ���#;� (#>� %��* 	�E-���&� (;�����	� � H�*-% 9����� �E���� (;����� ���H �� �BM $�&M $�N 
���� �qq�	 (1 H	 �=qq� L�=qq0 � �)� H	 ���� ,�0 H	 ,��8��1 (� �=� $�&M ��N� (� L�F �6*-C� 70 1���'�> �	��'	 ��	� .oCF ���-J 
,�'H <&qq�� _�<;	 ��0 (� W�� 	-��*�+ �1-J 14 ����� �&�-,�< U� H	 t*��9	� H	�* ��-� �� ������� -����� � ��J -����� J����� 

W��qq8� -(�E� �qq�	 .i�J�&V I�� ��=?	� H	 	-J ���� H	 2465 L�qq� ��I �* ,�&1 �(9��Z 1�*�C� H	 8M���G���� >"��� ��0�� 	H 
(���� j�Z _�; ,�&* �� S�	�* �� 9����� (;�����	� #
*�S -(�E� ��	  ��+���)1398(  .  
�� (6]&' h�F p�=)' ������ ��qq0 � >\���- �� o=? 10 �* 40 �;�����' 	�	�� (#���� ��B\	� � $��� ���� J�� ��	 .,�=���� 

E�+-#� �=qq8\ 7]qq�� �p�=)' (;	�	� �-+ ��	 .{]� $� H-�'H�&� �p�=)' ���" 5 ��'� ��	 .������ ����� ��0 S'�0 ������ 
��qq��� ��	 (1 
#�H� ,��� )D�` ���� � 	�	�� �	�6' H-�� -� ��C8; H-��� n=; �&�8� .������ \c*��� ��0(� ���F �>1	-J ����� 

�� _�=* L�F L�qq� -� �� �=qq8\ H-��� H	 ,� 	�	�� ���F� H-��� �&�qq8� � i1 � ��I �(9��qqZ Yc*����� =��'� �� ������ X�+� � 
nV�1 � ;�+ �� �=qq8\��� qq���)� H	 �qq0� �1-� ��M� �;�	� �� ;�+ qqZ���� &=V� ,��� -� &=V� ,�0 iB'�*-J S"	�' S'�#* � M��� 
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(#���� G;�� �*H���-J 9�qqd�qq
' ,����� .������ ��B\	�� ��� ,��� m��	� ,	�	�E�*-J [	�;	 ��� ��M�' ��	 � (��>? �?�8'�; 
,��� 	�qq0-l ��� � ��M� �	�6'� H-�� n=; � k�� (m* ������' ��'�=? �\�E �� [�; Iqq0�� ����� �&�qq8�� (� ��>? �6E Iqq0�� ��-H 
(E�>?�	 	��� 	�V� _	� i� ���' ���!�qq�	 �	�\ =;����;� . �����;	 (6]&' ���;��� J�G;��'80  �*100 .�qq�	 ��' �>�'  ��C-�6* ���C* ,	+�'

4/7 �qq�	 ��'.  �p�� ��C-�6* ,��qq8��* �� 	�� ���F�90 .��	 �qqZ��  ���" ,��8��* �� �'� ��	50 ��;�� (M��.��	 �	��  J-	 _��' ��d�\	
 S#qq0) �qq�	 ����m'	� � �H���qq
1 �� �&�C' ��*�=? (6]&'1.( (6]&' �� �
-�'H� h�F $�&M �� ,�<-�&� ,����B0 (� n-�+; �	 ,���	

) H	��	 �Bqq0 �\�qq0 $�&M � ,��qq�H��49  � (M��11  �* (6�\�50  � (M��12 �0 $���;	 (�\�qq0 L�F (6�\�  ��17  ,����B0 ���'�>�1
� ���N ,�<-�&� (6]&' _�; (� ,�<-�&� 10 .��	� �	�\ /��E z�>� ���'�>�1  (6]&' [�!*�	I���  �-�� {]qqq� H	4  �*7  � $� �qqq�	 ��'

�>-�� (6]&' �	�.�qq�	 $�F�' � _�� 9�  � ��CN � ��� �S�qq� ����N � ���&M ������ i�qq8�qq� p�� ��'� � ���C* ���� �E�� (� (M�* ��
�-�� H	 J0 ,�E�F S#0) �&�8� (6]&' �� ,	�	�E ����	1(.  

  
 ,D�1- @;=�U8 ���8 @�U&8 <

;�  

Figure 1– Determining the study area  

  

��� W
�X�  

 	���	 ����-�H���;	��' H	 &'�oF  ���' �;	�7���CN � ���  ,���H�� ,���	 �-�G�	 9�>-�� � _�<;	 ��(6]&'� ,����B0 (� n-�+; �	 ,�<-�&
 ,���H�� ,���	 $�&M �� S#0)1( ;	$��� �0. �� 	-J 67*�o �G�	� ()��*	� � ��� ���"	 D	�	� �(��b&' L��&1 ,�;�1��� ��CN � ��� 

��1����� �� �	�\ �E�� .�� ���!��	 H	 [	�;	 ���&E��� � L�' �G�	�- "	�K� � ()��* %'�M D	�	� � L��&1 ,�;�1��� ��� � ��CN �� 	���	 ���!��	 �
��� � ��� ���"	 (� _	�\	 �;�B��; $c�� � �>dE W��� H	0 �-�0� ���&B'��� 9�'	�\	 ('	�	 �� �� �0�1 ��,��� _��6' (� 
�#� � 

��0� -n (��� � �&V (���  h�F�E�� 9��Z.  �;�'H �H�� ��(� ���(  H	 ���!��	 ��(
6; � ����	���' �-��d*�	 ;�'H �&V�� ��	����  I0��
�����  ��0 L�'�; |��0 H	 ���!��	 �� ,��8��* � ��B� SdE ��)NDVI(  I-���0 ()��]' � )Chi et al., 2022 Ugese et al., 2022,(. 
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����� %'	�M 9��Z�d��  I-��9	���t*  (�+-�G&� � �&� � I0�� ,��� ��� �X�C0p ��M�* I0�� �Z��) J�'H {]�f � �C
�H	�;	���� �0 Chi et al., 2022) Ugese et al., 2022,( . ��(;�=;��	��� 	�;	) ����� I0��(� (���� �-	�� _ W�� �� � �E��d* 9��Z

�#8;	�* �� �H	�;	 9c�(;�=; � �]� ��� ��	������ (� o=? �* �E��d* 9��Z60 ��;�� �* �!Z o=? �� H	) ���'30 ��;�� � ��'30 
 �*60 ��;��� H	 ��' (��� {]) 9c� �� ���	�)* 50  ��)�	 (� 9c�1×1 (��' S"	�' J-	 .�0 _�<;	 K��"	 9��>=? �	���	 ��  ����� I0��

�()��]' ���' (6]&'  H	�-�� �D	�	  �9�' L�F �� Um� � L�� ((;�=; o=? � �	�)* ,�=� �� ��	���)(���( (��E��d* 9��Z �
-�� H	��G ��
 �0	����0 )i��� � ��!)M��� �1398( .  

�	� �=�0 ��G
-�'H� ���H	�;	 ���� U'�-�� ,	+�' �f�1 � .�0 ����i�J�&V ��G
-�'H� �� n-+�E-  �-��=�0��� �� �#
��� � �!" �
��	�+���� � ��� ,	�B* ���� � (>=M H	 ��� 9��Z�d���� ���0 ,	+�') �#-��#�	 �-	�� �EC(��� 9	��M�' �	�)* � ��T" � �H

+�; ��� �� ��1�' � ��#�' �H	�;	���� ( � ���'���-H�	 �-�B; �� .�E�� �	�\ 9�?cF	  9�)��]' /��	 �� (6]&' ����� I0�� �6�!>*
�'�;�-+�E- n�����>E� ,�	��-  �-���&0 (#;c��;�0  ��\	�d')1386.  �(;�G-1399.(  I-���E ,	+�' � ����� I0�� ,	+�' J�� }�C*�	

.�E�� �	�\ ����� ���' ()��]' ���' (6]&' �� ���  S#0 ��2 )a,b 	� ()��]' ���' (6]&' ( ��#-������ ����&B'��� 9��>=? �	�M	 H	 I��
 S��\ (�"�; ,� ����� I0�� K��"	 j�� �� �#�;�#'��� � �#�;�#'n- ���� n- �0a� H	 U� .��	 ����
'$� � ���F� ,	+�' (���  %=M

(��V � �����0 ����7' �� ��0 �� ��0 ~	�"	 ��� S#02 )c,d (.��	 ����
' S��\  

  

  
(b) (a) 

(d) (c) 
 ,D�2- ���B�5� @�U&8 �N' #�05  %�� ��1396(a) (b)   � �[� #�	�� �� ,(\ �(c) (d)  %�� ��1397]� #�	�� ��  A�
N0:

 !��&^8�
� !�D�M�=�
��D
5�D8 #����� �� �D
5�D8�
� � �
$�>����� � <
8� !_�L # � �
� ���� ��  ��� _�L H*�������  ����	*

@�U&8 �� ��0&L� #��� �� .H�� � �C8 ,��\  
Figure 2– An overview of the selected area in 2017 (a) (b) before the research and (c) (d) in 2018 after the 

implementation of bioengineering, biological, mechanical and biomechanical operations aimed at restoring soil, land 
and improving vegetation cover in the saline clay soil texture with severe wind erosion exposed in the area is visible.  
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  )c(  )b(  )a(  

 ,D�3- (a) (b) (c) @5�05 �� #�A�N��� c���5 � g&
�
� !��&� ���  � �	�`�� �� ����(8 @N$	8&6 �h  
Figure 3– (a) (b) (c) An example of traditional approach, pitting and pilot results during several phases of dust control project   
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�' ��
; ��<-	 ,�&1 �* ����� I0�� �	�� �>#
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>=?�9� "	���- 	� (1 	��� t*��� 	�qq0-l (qqZ�? ��*-^ ��qq0 � (�,	�&? -n �G�	 '�,	�* �1w ��1 (� h�qq0 H-� �qq�	 ) S#qq04( ."	�K� � 

hcqqZ	 {]qq� ��� S'�0 I��1 {]� ����8�� ,��� I0�� � �D	�	 ��*-^ ��0 �� �0�1 ��,��� _��6' (� ��0� � #
�� � ����H� 
 L�� ,��8��* � ��B� SdE �F L�� (qq� �;�'H �H�� �� ��� ���F� ,	+�' � ��� ������ Iqq0�� 9	���t* (qq8-�6' I��� J-	 �� .�qq�	

1396 �*  L�� ,��8��* � ��B� SqqdE1396  H	 ���!��	 �� .��	 ��0 _�<;	(
6; � ����	���' �-��d* �F �� �;�'H �&V �	 (��� (� �;�'H �H��
|�
' SqqdE �� �� ) ��0 L�'�; |��0 H	 ���!��	 �� ����� I0�� �,��8��* � ��B�NDVI S#0) �� .�0 �Cf (5 ((a, b, c, d)  �-��d*

��	���' L�qq� ��B� SqqdE �� ����� Iqq0�� H	 (;�'H �&V �	1396  ��B� SdE � L��1397 L�� ��B� SdE �1398  � L�� ��B� SdE1399 
 .��	 ��0 �Cf  

 S#05 (e, f, g, h) ��	���' �-��d* L�� ,��8��* SdE �� ����� I0�� H	 (;�'H �&V �	1396 L�� ,��8��* SdE �� �1397 SdE �� �
 L�� ,��8��*1398  ,��8��* SdE �� �1399  K�
&' oF�&' �� ����� I0�� K��"	 �	�M	 H	 �)� � SC\ ����� I0�� ,	+�' .��	 ��0 �Cf

,�E�F �����CN � ��� "c' S��\ ��F (�(b�-H $� ���� ���F� ,	+�' �	�&�'H ��	 ��	� I-	+E	 	� .��� ���0 ,	+�' )EC(  H	 �	�6'
) ���?95000) ���? �	�6' (� (8000	 � �E�- I��1 L�	 L�� �� ((� L�� (� �;�'H �H�� �� �;�� J- z-��*i1�* (� ��0 +�; SC\ H	�F�� (1

��� 9	��M�' ��� l-	�0 ��CB� �� J-	���&� .�;�0 ��x#* � L�)E ��� �� ��1�' � ��#�' �Hi1	�* � ,	+�' (;��(� _��6' ����� ��� �#
� 
�E�- I-	+E	 � �,�E�F �	�)* ���� I-���E ,	+�' I��1 �� S��6�' }�C*�	 �� �����CN � ��� (6]&' ,� �(;�� I-	+E	6' ����� ��� (� _��
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,D� 4-  ���0� ��5�' ���X8 �� �� ��a�� � �
� ����7  %�� �� ��a�&  #� �	�`��1396  %�� �� T	h F�	�1403  

Figure 4– Vegetation created within the area of Hendijan dust hotspot No. 7 from the start of the project in 2017 to 2024 
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(g) (h) 

  ,D�5- (a, b, c, d) ���� �8 	���7� %�� ��^� ,7* �� � �
� ���� �� @5�8� &6 #�1396 !  %�� ��^� ,7*1397!  %�� ��^� ,7*

1398 � %�� ��^� ,7* 1399 �� H(� .H�� (e, f, g, h) ���� �8 	���7� ���� �� @5�8� &6 #� %�� ���Q��� ,7* �� � �
�1396! 

%�� ���Q��� ,7* �� 1397 !%�� ���Q��� ,7* �� 1398  ���Q��� ,7* �� �1399 .H�� �� H(� @Q���8 @=�� @� �5�8� ���� �� #�

 � �
� ���� ��`
8 #�	�� �� ;� � ,(\��*�h >�C&8 Wh�&8 �� � �
� ���� >�
$� #� ��() � �	�  
Figure 5– (a, b, c, d) Multitemporal satellite images of vegetation recorded in the spring of 2017, the spring of 2018, 

the spring of 2019, and the spring of 2020. (e, f, g, h) Multitemporal satellite images of vegetation recorded in the 
summer of 2017, the summer of 2018, the summer of 2020, and the summer of 2021. A three-year comparison of the 

amount of vegetation cover before and after the implementation of vegetation restoration in the areas of origin of 
dust storms  

 
i8��� � �
�  

z-��; 9�)��]'  �	�M	 H	 �)�? K��"	 9��>=�(6]&' �� ����� I0��  ����*��&� (���	 (� �'�;�-+�E W�� H	 ���!��	- ���>E,�	�� � n��- 
��* (#;c� ()'�M ��&��� 15 ����� ��*  ��B1(Prosopis Juliflora) � Y�C��	(Callotropis procera) ����0+� (Tamarix Stricta) �	S�C&#� 

(Calligunum comosum) �����1� (Acacia Victoria) �����1� (Acacia coriacea) �����1� (Acacia farneziana) �����1� (Acacia salicina) �
/��m���1	 (Eucalyptus camaldulensis) �/��m���1	 (Eucalyptus microtheca) ����H��� ,H�	 (Panicum antidotale) � /�m'��(penisetum 

divisum) ��C� (Stipagrostis Pennata) ��8; (Stipagrostis Plumosa)  �_�������� (Halopyrum mocronatum) ���' ����� �<&' (� 
()��* ()'�M �����  S#0) �05 .(  

��; ^-��* ��� (��?�� ^-��* I0�� ����� �G�8� � ��	� i�J�&V �7* ��f�* ����)E��� �;�8;	 � l-	�0 $� � �-	�� +�; �	�\ 
�'���� (Iqbal et al., 2021).  S'	�? ��	�� �� 	� �*��!�' ������� (&'	� � �#-����1	 ���H��; ���G�8-H l-	�0 (� (M�* �� ����� %'	�M

�' ,�
; ��� H	 ��� �-��=�0�#-+�E 9��Z�d� � �]�7' �,	��#=� � �&�8"��') �&��1399.(  
z-��; SZ�"  ����� %'	�M l��* ��0 L�t0	 �"�8' ,	+�' ����� H	 �	�M	 H	 �)�I���  (1 �	� ,�
;I���*�"�8' ,	+�' J-  ��

()'�M Prosopis Juliflora  �i1�* �� ,	+�' J-Halopyrum mocronatum  L��M) �0 ����
'1 .(i�J�&V I���*J- �Z�� ��* 
I0�� o>)�' (� ()'�M Prosopis stephaniana )83/44 �Z�� ( ���"85  ���#�� i1�*J- �Z�� ��* I0�� +�; o>)�' (� ��* 

Halopyrum mocronatum )69/17 �Z��(  ���"36 ���#� ��� .z-��; �' ,�
; �-���� �D	�	 ()��* � K��"	 I��� _�<;	 H	 �)���� 1 (
�� (6]&' ���' �()��]'  {]� � i1	�*I0�� ����� (� ,	+�' � ��	 ���1 �0� ���� �1�"��CN � ���  (�"�; ,� �� ^-�\100 �Z�� 

 ��0 L��&1��	 .i�J�&V ��� �Z�� ,	+�' ����� I0�� K��"	 9��>=? �	�M	 H	 �)�� �&� � �&�) �	�6' (� �+-�16/87  I��1 (�Z��
(-p .�E�-' 9	�w � ��� I-���E ,	+�' �b; ���' (6]&' �� ����� I0�� �� �!" �(� 	� �H�" ,� �� ��CN � ��� o>)BM�* S��\ ��F� 

)33/79 ��	 ��	� I��1 (�Z�� ) S#04(.  
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 %��1- A�
j�7L � �
� i8��� @;=�U8 ���8 @�U&8 #�	�� �� ;�) � �
� ���� >�
$� A�
N0:(  
Table 1- The properties of plant communities in the study area (After implementing the plan) 

Density 
)2(individuals in m  Soil (%)  Litter (%)  Canopy 

cover (%)  Area (ha)  Plant community  

0.015 23.74  3.27  44.83 843.39 Prosopis Juliflora   
0.018  54.76  7.73  25.94  507.17  Callotropis procera  
0.054  73.75  3.47  12.77  627.03  Tamarix Stricta  
0.014  75.92  6.38  17.69  273.19  Calligunum comosum  
0.053  52.94  2.22  44.83  350.04  Acacia Victoria  
0.014 81.02 19.28 61.30 155.48 Acacia coriacea 
0.038 48.22 7.66 28.17 204.21 Acacia farneziana 
0.074 91.03 8.47 35.82 189.01 Acacia salicina 
0.027 59.91 11.43 21.93 309.732 Eucalyptus camaldulensis 
0.056 38.54 12.94 17.19 99.56 Eucalyptus microtheca 
0.085 74.07 8.06 19.04 338.00 Panicum antidotale 
0.063 94.22 15.90 25.10 242.39 penisetum divisum 
0.081 83.06 13.00 10.83 89.22 Stipagrostis Pennata 
0.014 89.99 11.89 17.92 175.06 Stipagrostis Plumosa 
0.119 109.82 14.32 17.69 47.87 Halopyrum mocronatum 

 
 S#0) I��� J-	4,�E�F K�
&' (6]&' �� ����� I0�� K��"	 j�� �� ( �����CN � ���  (� _	�\	 ,���H�� ,���	 H	 �
�� �� �0�1

L�;�1 j	�F	 �� ���0 � �#
� (� _��6' ,�����[��0 (>"�' .�0 �&��� � ���E���&1 �$c�� I�� ��� �� ��B� SdE �� I��� J-	 L
1396  S#0)5)(a,b ���1 	��� I-	+E	 (6]&' ,� �� ����� I0�� i1	�* L�� (� �;�'H �H�� �0a� H	 U� .��	 ()��]' ���' (6]&' ��(

 S#0) ��	5)(c,d��	� .((
6; � ����	���' �-��d* H	 SZ�" ����&�'H�-H $� ����w ���� ���F� ,	+�' I-	+E	 �G;��� �	  I��1 �
 �� ��� I-���E .��	 (6]&' J-	I��� �-�� �� oC]&' ���(;�'�� ������!��	  ,	��� $� S�� � �f�' ���8� ����� I0�� I-	+E	 ��� ���

J8") ��	 �,	��#=� � ���1403et al., 2020, Zare et al., 2021, Zare.(  

 _	�;	 (]�	� (� ,������-H � �-	�� ��� ��� H	 � �!" I6; �&�'H��=7') �;�	� 	� �,	��#=� � �	�1403 �	�	� ����� I0�� � ��� �(
) �&�8� �G-�#- �� i�6�8' � S��6�' }�C*�	Waseem et al., 2022, Imajjane et al., 2020 .( �i�>\	 �]�7' S'	�? ��f�* (� (M�* ��

��� ,	+�' �� ��� 9��Z�d� � �E	�����* ��� I-���E � �E�)Reijth and Anirudhan, 2019, Wang et al., 2022, 

Whittington, 2022( �' ���-H �" �* ��b; ���' (6]&' �� ���H�� � _��6' ����� I0�� K��"	 [	�;	 S��6' �� 	� ��� {]� �;	�*
I-���E,	+�' �-�B; �� � ��� I��1 ��� ���  (� 	�� �� o>)' 9	�w � �����+-���' 	��� I��1 ��� .�&&1 ,�=���� � ������ ��CB�

' 9	��M�' ��T" ����^M�' ��� i8�;���	��#�' � ��1�  I-	+E	,	+�'  ��0 %=M $� �� j	�F	(��V � �����0��� ���  (1 ���	 ��0
�	 ��0 ��	�BG; � ����w ���� (� ��� ���F� ,	+�' �D	�	 J-	 ��(� ��� ���F� ,	+�' I-	+E	 �� .���F �� I0�� ,	+�' i�6�8' ���

-	+E	 +�;�;�'H J-	���&� .��	 ���1 	��� I I-���E I��1 ���;��� _�G&� ��0�� �	�=� ����� I0�� H	 ���-H i1	�* �� ��� {]� (1
$�;	�� � ��� �7]� (�0	� !; I-	+E	 ,� �� �� �(� �b; ���' (6]&' �� $� ��-a�w� .��	 ��'� ��M� 

J-	 I-�� � �-�-�' �� �' ���	 ��0 _�<;	 ����� I0�� K��"	 9��>=? (1 oF�&' ���8� ����� �?�=�M	 � ���d�\	 ���-H�	 I�� �� ,	�*
 S#0) �� .�0�� �����1�� � ��!'6i�8�� ~	�"	 S7' ((;�� ,	��� $� L�d7��	 �	�� ��c� ��� �� .��	 (�0	� �C��&' �0� ����� ���

i�8�� h�F J-	* (� nV�1 ��c� ��� �	�)200  �- n- H��; ���' ���F� ,	+�' ��	 (�8;	�* nV�1 Lc� [�; J-	 (1 ��0 _	�\	 Lc�
Lc� �� $� ����w ��E�  (1 ��	 ���"�� J-	 .�&1 J�'�* 	� ���� �� ���" X�+� ���2000  �*3000  I��� J-	 �� .��	 ^)#'��'

 ���"70  ���0 (� _�6' � �'�� ���� (;��H	 ���� .�0 (�0�1  ����7' �� ��0 (�0�1 ,����� I���y	� ��\ /��1�1 �	�&�1 :H	 �&*�C? �
 ���" .��0 +� ����0 +� ����*� ���;��#���� �U#��m-�*� �p�8����18  �*20  �G-� ,����� � +� ���� �	+�.��	 � �0�1 ��-	+' ,����

��c? (1 ��	 J-	 [�&�'(;�� �� ���S#0 �?�� h�F J-	 �� ����� [�&�'�8-H ���� ����	 �	�� +�; ���d�\	 ��-	+' ��0 �-�� �'��
 � ,����� H	 ���� ���' H	 ���!��	 �_	� �	�V �&;�' .��	� h�F (�0�" � �'��i�J�&V  � _	� j�d' �	�� ��0 ����w ,	��� $� H	 ���!��	

�' _�<;	 �&�� ������ ����	 l��* (1 �8�80�' �&-��E ('	�	 �� .��0 _	� ^��&' �	�V ,	+�' �� (1 ��1 ��B 	 ,	�*)��]' ���' J-	 �� (
(�i8�;���	��#�' � ��1 ���a� ���� (��V e!" ���-a��-�<* ��E�  ,	+�' ^��&' ��F�' e!" +�; ��i� .��0 J�&VI��� J-	 ��  ,	+�'

H	 �����* n
� U'��� ���? �	�6' (� �!Z ���? �	�6' 10 .��	 ��=�	 +Q�" ���8� (1 ���	 ����� ���#� n- �� �� J*  
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(b) (a) 

  
(d) (c) 

 ,D�6- ���B�5� @�U&8 �N' #�05 #�	�� � �
� ���� >�
$� A�
N0:! (b) (a) T	h F�	� ,$�	8 �� �"��� 	���7� ��^� ,7* ��  %��

1396  .H�� � �C8 ,��\(c) (d) �"��� 	���7�  �� ,$�	8 ���Q��� ,7* �� T	h �����1399 .H�� � �C8 ,��\  
Figure 6– Overview of the selected area for the implementation of vegetation restoration operations, (b) (a) Images of 
the lands at the beginning stages of the project can be seen in the spring of 2017. (c) (d) Images of the lands at the end 

stages of the project can be seen in the summer of 2019. 
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	+E	-I � I0������ ' I��1 ��,	+ ��CN � ��� ���CB� �� %��&'� 	+E	 �-I ��B���� H���
1 ��	-��< �� L�t�0	-�	� 	��� >7' %'	�M ��I��1 
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;���H�� 8� �_	���� =�	 +Q�"�� ��	. oCF (Q	�	 9�C��7'��* (E�>? ���0���0� (� %*	�' ���b; ��F�  �� ��	 ���\25 D	�	 H	 ���#� �	+�� 
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