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Abstract Article Info 

Background and objective: The climatic conditions of arid and semi-arid regions 
on the Iranian Plateau have created sensitive and fragile ecosystems. In these areas, 

soil erosion and desertification are major processes that severely threaten water and 

soil resources. Given the key role of nutrients in soil fertility and vegetation 

sustainability, understanding the effects of desertification on the balance of these 

elements is essential. However, a comprehensive study in this regard—particularly 

in the southeastern desert regions of Iran—has not yet been conducted. This study 

aimed to evaluate the impact of varying degrees of desertification on chemical 
stoichiometry (the balance of carbon, nitrogen, and phosphorus) in both soil and 

plant organs in the Bampour desert region. 

Methodology: Based on soil and vegetation criteria, five desertification levels were 
selected: potential, light, moderate, severe, and very severe. At each level, soil and 

vegetation sampling was carried out using a completely randomized design within 

100 m × 100 m sites (a total of 15 sites). A total of 45 soil samples and 45 quadrats 

were analyzed. Within each quadrat, existing plant species, litter, and root samples 

were collected from a 0–30 cm depth. After drying, plant organs (leaves, stems, 

roots, and litter) and soil samples were prepared for chemical analysis. Total carbon, 

nitrogen, and phosphorus concentrations were measured in all samples using 

standard laboratory methods, expressed as a percentage of dry matter. Data were 

analyzed using one-way ANOVA in a completely randomized design with three 
replicates. A correlation matrix was also used to assess the relationships between 

elemental concentrations and stoichiometric ratios in plant tissues and soil. 

Results:The highest concentrations of soil carbon, nitrogen, and phosphorus were 
observed under potential desertification conditions. With increasing desertification 

severity, soil carbon significantly decreased (p < 0.01). Desertification also caused 

significant declines in the soil C:N, N:P, and C:P ratios. The C:N ratio was highest 
in the potential desertification stage (0.32). Similarly, aboveground plant carbon 

content declined significantly with increasing desertification intensity (p < 0.05), 

with the highest value in the potential stage (37.29%) and the lowest in the severe 

stage (27.04%). The N:P ratios of roots and litter also declined significantly with 

increasing desertification severity (p < 0.01), showing minimum values at the 
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potential stage and maximum values at the very severe and severe stages. The 

lowest and highest C:P ratios were recorded in the very severe and potential 

desertification stages, respectively. 
Conclusion: In general, considering the changes observed in the structure of 

vegetation, soil fertility, and carbon and nitrogen storage, it can be concluded that 

desertification had a significant effect on reducing soil nutrients and saving plant 

tissue elements in the Bampur desert region. These results justify management 

efforts to combat land degradation through desertification and deserve the attention 

of decision-makers. From a practical perspective, stoichiometric indices of 

elements (chemical balance between carbon, nitrogen, and phosphorus) in soil and 
plants can be used as effective tools for monitoring desertification processes, 

assessing environmental quality, and restoration planning of degraded ecosystems 

in arid and semi-arid regions. 
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3  

10  

13/0  

14/10  

04/11  *0/0  

,�U� F��=% * �G�� a�5 �V- �� ���  

  

 Y"6�64+&6�& �[]G 
&6�
 W�\���
 �]%��
 :������ �"�[�
 SV&�
 
� #�$ 46  .����%&+ 

����"� �C��� ,���  )�=�; �G��P (  

) �	21��PD (  01/0±065/0a 

?]- )LD (  0/052±0/01b  

 )J-	/�MD (  0/03±0/01c  

)���+SD (  0/01±0/01d  

)���+ ,D"�VSD (  0/01±0/00d 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  

  

F_]�  �&���X�  C:N� N:P � C:P  ���	
  SV&�
  
�  #�$

 ������ �%&+ 

 ����  i
�����  !"1�
�  a��/
 �G��R   �/�	".	/-�   �3

  ���L �� ���7-    i
����� !"1�
� a��/
 .M-� ��+ (GK�

����  �3  M]�
  F��""p%  (.  ���  ���
 C:N  ?�  �V-  ��

  F��""p% � �G�� N:P  �C:P    �C��� �� �G�� a�5 �V- ��

����"�  F��=/�,�U�  F��=%  ,���M+��  ���  .  (���2�  a��/


���� <"�
�"�  ���L) �38  (. ��� ���
 (  ����2� <"�C:N  

  ����2� � J-	/� � ?]- (DC��C:N    ,D"� � ���+ (DC��

,�U� F��=% ���+) M+��
 �	L� ���p >0.01.(   M]�
C:N  

) �	21�� ,
���"� (DC�� ��32/0  ,
���"� �C��� ���- (� M]�
 (

  ����2� <"� <"�}>3 .�	� �/�"�N: P    ?]- � �	21�� �C���

 ,�U� F��=% ���+ ,D"� � J-	/� �C��� �  ��
 ����  ���

)p >0.01  M]�
 �{.��C .(N: P  )50/0 (DC�� (� m	��� (

����"� ) <��/�"� .�	� ���+ ,���12/8 ) <��/>. � (63/3  (

  ��!"�C: P  (�����"� �C��� (� m	��� j"%�%  � ���+ ,���

  .�	� ���+ ,D"�  

  

 Y"6�7 F_]� Z��%
&" �%UO� :C:N � N:P" C:P  

  �/�	".	/-� M]�
   F��""p% $]��    ���� (L��   F�U��� <"�
�"�  F Sig 

C:N  ��>"%  

����%  

3  

10  

77/25  

80/13  

04/18  **00/0  

N:P   ��>"%  

����%  

3  

10  

29/4471  

91/615  

34/14  *0/0  

C:P  ��>"%  

����%  

3  

10  

10/531  

31/751  

34/21  *0/0  

,�U� F��=% ** ,�U� F��=% * ��G�� ?� �V- �� ����G�� a�5 �V- �� ���  
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 Y"6�8 F_]� W�\���
 �]%��
 :C:N � N:P" C:P 

����"� �C��� ,���  C:N N:P  C:P  

) �	21��PD (  30/3±22/32a 05/0±18/0b 15/4±8/4b 

?]- )LD (  23/75±2/15b  0/16±0/05b  3/8±4/15c  

 )J-	/�MD (  20/40±2/25b  0/20±0/05c  4/12±3/25b  

)���+SD (  16/12±1/65c  0/50±0/03a 8/12±3/65a  

)���+ ,D"�VSD (  15/50±1/10c 0/20±0/00c 3/63±5/00c 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.01���� .( �3± ��]/+� ��  ��"U�  

 ������ ���	
 SV&�
 
� ����� W��K �%���
 �&���X� �%&+ 

����  i
�����  !"1�
�  a��/
Z��
�  <��.   �3  ,��	3   �3

  ���L) f�]+g � (��� �((E�- � f��)9(   (. ��� ���


Z��
�  <��.  ����2�  F��=/�  �C���  ("D.  ��  ,3�"&   �3

����"�,�U�  F��=%  ,�����/+��  (�G��  a�5  �V-)  ���  .

 ���� <"�
�"� (���2�  ���L) �310  0��!;� �� (. ��� ���
 (

����"�  F�+  ����2�  ,���  ��"&  ,��	3  0#�  <��.  03�.

,�U�) M+�� ���
 ���p<0.05(.    Z��
� <��. ���2� <��/�"�

(� ,��	3����"� (DC�� (� m	��� j"%�%) �	21�� ,���29/37 

����"�  (DC��  (�  m	���  ��!"�  <��/>.  �  �	�  (�G�� ,���

) ���+04/27    (DC�� �� �� ,��	3 0#� <��. .�	� (�G��

 ,�U� F��=% ���+ ,D"� � ���+) ���
 ���
 ���p<0.05.( 

(� (��� <��. MbDP) �	21�� (DC�� �� j"%�%9/34    (�G��

)  J-	/�  (DC��  �05/34    (.  �	�  ���2�  �{.��C  (�G��

,�U� F��=%) M+��
 �	L� (DC�� �� <�� <"� ���p<0.05 .(

����"� (DC�� (� m	��� (��� <��. ���2� <��/>.  ,D"� ,���

)  ���+02/20    �	�  (�G��. (DC��  f�]+g  <��.  �G��

(� ���+ ,D"� � �	21�� �� ����2� <��/>. � <��/�"� j"%�%

 �C��� � ?]- � �	21�� �C��� f�]+g <��. <"� .��� ���


,�U� F��=% ���+ � J-	/�) M+��
 �	L� ���p<0.05 .(  

  

  Y"6�94+&6�& W��K �%���
 Z��%
&" �%UO� : c&6�& 46  .��� ����� .��  

  �/�	".	/-� M]�
   F��""p% $]��    ���� (L��   F�U��� <"�
�"�  F Sig 

 ((E�- � f��) ,��	3 Z��
�  ��>"%  

����%  

3  

10  

60/124  

41/214  

41/14  *0/0  

 (���   ��>"%  

����%  

3  

10  

12/3341  

16/741  

32/10  *0/0  

f�]+g  ��>"%  

����%  

3  

10  

70/423  

32/652  

21/21  *0/0  

  *,�U� F��=% �G�� a�5 �V- �� ��� 

  

 Y"6�104+&6�& W��K �%���
 W�\���
 �]%��
 :c&6�& 
� 46  .��� ����� .�� 

  ���	
 SV&�
 
� ����� � �! �J"���� �%���
 �&���X�

 ������ �%&+ 

���� i
����� !"1�
�Z��
� �\��/"
  �3  f��) ,��	3  �3

  ���L) f�]+g � (��� �((E�- �11(   ����2� (. ��� ���


Z��
� �\��/"
����"� F��=/� �C��� ("D. �� ,3�"&  �3 ,���

,�U�  F��=%��/+��  (�G��  a�5  �V-  ��)  ���  .  MbDP

  MbDP  (����  a��/
  ,3�"&  0+	5  ,��	3  0#�  �\��/"


) ��� ���
 <��. ���L12����"� ������& �	A �� .(  �� ,���

 ��"�� (DC�� (� �	21�� (DC�� �� ,3�"& 0+	5 �G�� 03�.

 � (��� �,��	3 0#� �� ��+ ��"�q �\��/"
 ���2� ���+

����"� �C��� ,���  Z��
� <��. �G�� ,��	3  �3   (��� <��. �G��   f�]+g <��. �G��  

) �	21��PD (  05/3±29/37a 00/3±09/34a 01/3±051 /33a 

?]- )LD (  36/19±3/05a 28/08±2/14b  33/042±2/01a  

 ) J-	/�MD (  33/12±3/05b 34/05±3/00a  28/03±2/14b  

) ���+SD (  27/07±4/00c  25/04±3/20c 27/01±0/01b  

) ���+ ,D"�VSD(  27/04±4/00c 20/02±3/05d 25/01±2/00c 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  
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) ��� ���
  �"�>�v 03�. f�]+gp<0.05 <��/>. .(

����
�  �\��/"
  ���2� ��"��  (DC��  (�  m	���  ��+   �"&

  ��"�� � ���+ (DC�� �� <"� M-� �.q (� Z�g .�	� ���+

,�U�  F��=%  �\��/"
  ���2�  ��k1  (�  ���+  ��3���  ���

) ��
p>0.05.( 

  

 Y"6�114+&6�& �J"���� �%���
 Z��%
&" �%UO� :c&6�& 46  .��� ����� .��  

  �/�	".	/-� M]�
   F��""p% $]��    ���� (L��   F�U��� <"�
�"�  F Sig 

 ((E�- � f��) ,��	3 Z��
�  ��>"%  

����%  

3  

10  

23/117  

09/102  

21/13  *0/0  

 (���   ��>"%  

����%  

3  

10  

74/241  

13/586  

25/11  *0/0  

f�]+g  ��>"%  

����%  

3  

10  

65/396  

23/245  

85/8  *0/0  

,�U� F��=% * �G�� a�5 �V- �� ��� 

  

 Y"6�124+&6�& �J"���� �%���
 W�\���
 �]%��
 : c&6�& 
� 46  .��� ����� .�� 

  ���	
  SV&�
  
�  �����  � �!  �[]G  �%���
  �&���X�

 ������ �%&+ 

����  i
�����  !"1�
�  ���L)  ,3�"&  �=�;   �313( 

Z��
� �=�; ����2� (. ��� ���
 �C��� ("D. �� ,3�"&  �3

����"�  F��=/�,�U�  F��=%  ,�����/+��  (�G��  a�5)  ���  .

(� (. ?]- � �	21�� (DC��  ��{/-� (� �=�; ����2�  j"%�%

 �C��� ���- �� ��/+�� �� ,��	3 0#� �=�; ���2� <��/�"�

����"� ,�U� F��=% ,���) ���
 ���
  ���p>0.05(� (  �	A

����"�  (. ,��	3 0#� �=�; ��"�q �� ,
���v �"S�%  ,���

) M+��
 (U1�V� ��	� (2V�� �� ,3�"& 0+	5  ���L14( . 

  

  

 Y"6�13�[]G �%���
 Z��%
&" �%UO� : 4+&6�& c&6�& 46  .��� ����� .��  

  �/�	".	/-� M]�
   F��""p% $]��    ���� (L��   F�U��� <"�
�"�  F Sig 

 ((E�- � f��) ,��	3 Z��
�  ��>"%  

����%  

3  

10  

45/96  

04/113  

14/11  *0/0  

 (���   ��>"%  

����%  

3  

10  

25/118  

77/289  

70/9  *0/0  

f�]+g  ��>"%  

����%  

3  

10  

45/218  

14/321  

96/9  *0/0  

* ,�U� F��=%�G�� a�5 �V- �� ��� 

  

  

  

  

  

  

����"� �C��� ,���  Z��
� �\��/"
 �G�� ,��	3  �3   (��� �\��/"
 �G��   f�]+g �\��/"
 �G��  

) �	21��PD (  5/50±0/3 a 05/08±0/1 a 20/52±0/1 a 

?]- )LD (  2/ 0±30 /4b 1/ 0±04 /05b 1/ 0±01 /01b 

 ) J-	/�MD (  1/ 0±52 /4c 1/ 0±00 / 40 c 0/ 0±70 /01c 

) ���+SD (  1/ 0±61 /4d 0/ 0±90 /4d 0/ 0±50 /01c 

) ���+ ,D"�VSD(  0/ 0±80 /4d 0/ 0±80 /04d 0/ 0±50 /01d 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  
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 Y"6�14�[]G �%���
 W�\���
 �]%��
 : 4+&6�&c&6�& 
� 46  .�������� .�� 

����"� �C��� ,���  Z��
� �=�; �G�� ,��	3  �3  

  

 (��� �=�; �G��  

  

 f�]+g �=�; �G��  

  

) �	21��PD (  01/0±50/0a 05/0±08/0a 02/0±07/0a 

?]- )LD (  0/80±0/01b 0/06±0/05b  0/05±0/01b  

 ) J-	/�MD (  0/52±0/01c 0/04±0/04c  0/04±0/01c  

) ���+SD (  0/50±0/01c 0/04±0/04c 0/04±0/01c  

) ���+ ,D"�VSD(  0/60±0/01c 0/03±0/04c 0/04±0/01c 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  

    

F_]� �&���X�  C:N� N:P� C:P  SV&�
 
� ����� � �!

������ ���	
 �%&+ 

 ���� i
����� !"1�
�Z��
�  �/�	".	/-�  �3  ,��	3  �3

  ���L) f�]+g � (��� �((E�- � f��)15(   (. ��� ���


  M]�
C:N� N:P� C:PZ��
�F�+ ("D. �� ,3�"&  �3   �3

����"�,�U�  F��=%  ,�����/+��  �G��  ?�  �V-  ��  ���  .

  M]�
 <��/�"� � <��/>. C:N(� ,��	3 Z��
�  m	��� j"%�%

  M]�
 .�	�  ���+ ,D"�  �  �	21��  (DC�� (� C:N ��  (���

(� J-	/� � ���+ ,D"� (DC�� <��/�"� � <��/>. j"%�%

(�  ���+  �  �	21��  �C���  �	�  ��!"�  �  <��/>.  j"%�%

M]�
  <��/�"� C:N  �
���  ��H/��  �	�  (�  ��  f�]+g

 ���L)16 .(  

  

 Y"6�15F_]� Z��%
&" �%UO� : C:N� N:P" C:P 

����"� �C��� ,���  C:N N:P  C:P  

 ,��	3 Z��
�  **04/18=F **34/14=F **24/18=F 

 (���  **04/17=F  **74/12=F  **34/21=F  

f�]+g  **18/13=F  **28/13=F  **28/22=F  
**  ,�U� F��=% �G�� ?� �V- �� ���  

  

 Y"6�16 F_]� W�\���
 �]%��
 :C:N c&6�& ����� .�� 

  

  M]�
N:P    �	21�� � ���+ ,D"� (DC�� �� ,��	3 Z��
�

(�  M]�
 .�	� ��!"� <��/�"� � <��/>. j"%�%N:P    (���

����"�  F�+  0��!;�  ��  f�]+g  �,�U�  03�.  ,��� ���

)  M+��p<0.01  f�]+g  �  (���  ��	�  ��  M]�
  <��  .(

 ,D"� �C��� � �	� ��!"� �E��C �	21�� (DC�� �� ,3�"&

(�  ���+  �  ���+  M]�
  <��/�"�  j"%�%N:P    �  (���

 ���L) �
��� ���
 �� f�]+g17.( 

  

  

 Y"6�17 F_]� W�\���
 �]%��
 :N:P c&6�& ����� .�� 

����"� �C��� ,���  N:P Z��
� ,��	3  �3  N:P  (���  N:P f�]+g  

) �	21��PD (  21/0±00/7d 07/3±50/13a 02/3±74/21d 

?]- )LD (  2/87±0/31c 17/33±2/05c  32/71±3/07c  

 ) J-	/�MD (  2/92±0/31b 25/00±3/14a  40/04±3/14b  

) ���+SD (  3/22±0/13c 22/50±2/12c 54/02±4/41a  

) ���+ ,D"�VSD(  1/33±0/18a 26/60±2/04b 50/02±4/17a 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  

����"� �C��� ,���  C:N Z��
� ,��	3  �3  C:N  (���  C:N  f�]+g  

) �	21��PD (  21/2±65/10d 07/3±56/31a 02/3±74/21d 

?]- )LD (  15/73±3/01c 27/00±2/05c  32/71±3/07c  

 ) J-	/�MD (  21/78±4/11b 34/05±3/14a  40/04±3/14b  

) ���+SD (  16/81±3/03c 27/82±2/12c 54/02±4/41a  

) ���+ ,D"�VSD(  33/80±4/18a 25/02±2/04b 50/02±4/17a 

���
 �	/- �3 �� F��=/� Y��C,�U� F��=% ���3�) M-� �3��>"% <"� ���p<0.05����. ( �3± ��]/+� ��  ��"U�  
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  M]�
 <"�
�"� (���2�C:P   0#�  ���
 ,3�"&  �3

  M]�
 <��/�"� � <��/>. (. ���C:P  (�  (� m	��� j"%�%

 (���2� �� J-	/� (DC�� .�	� �	21�� � ���+ ,D"� (DC��

  M]�
 ?]- (DC�� ��C:P    ���+ (DC�� � M+��  �/�"�

  M]�
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