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Abstract Article Info 

Background and objectives: In arid and semi-arid regions, plant species create 

microclimates under their shade, facilitating the establishment of other species. 

Litter production in ecosystems fluctuates due to management and environmental 

reasons. Understanding how understory plant growth and soil nutrient cycling 

respond to litter amounts can provide insights into the feedback between rangeland 

ecosystems, climate, and management changes. 

Methodology: Before the growing season, 60 plots were established under the 

canopy of 20 adult plants of each species (Astergalus gossypinus Fisch., 
Hyparrhenia hirta (L.) Stapf, and Artemisa aucheri Boiss.) for litter treatments. For 

each species, in 5 plots, all litter was removed (0% litter) and placed on the litter of 

5 other plots (200% litter). In 5 plots, half of the litter was removed, and 5 plots 

were maintained as control plots (100% litter). At the end of the growing season, 

the number of individual species under A. gossypinus, H. hirta, and A. aucheri was 

recorded, and their production was estimated by cutting and weighing. Soil samples 

(1 kg) were taken from a depth of 0 to 30 cm in each plot to determine organic 

carbon (using Walkey and Black methods) and soil moisture (using the weight 

method). 
Results: The three species showed significant differences in understory plant 

production at the 95% confidence level. For A. gossypinus, the highest production 

of understory species was observed in the 200% litter treatment, while A. aucheri 
showed no significant difference across treatments at the 95% confidence level. In 

H. hirta, the highest production of understory species was observed in the 0% litter 

treatment. For all three species, carbon and soil moisture significantly decreased 
with litter removal and increased with litter addition (p < 0.05). The structural 

equation model indicated that nitrogen-fixing species had the greatest direct effect 

on the sub-shrub species (p < 0.01). Litter had a significant indirect effect on the 

species under A. gossypinus through soil moisture and carbon (p < 0.05). 

Conclusion: Shrub species played a more effective role than grass species in 

facilitating understory plant growth. There was no consistent relationship between 

litter removal/addition and understory production. Species responses to litter 

removal/addition varied significantly. Litter quality had a greater impact on the 

facilitating role of species than litter quantity. In general, species with a higher 
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facilitating role were more sensitive to litter removal/addition, a factor that should 

be considered in pasture management plans. 
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05/35±0/0a 03/25±0/0b 02/05±0/0c **23/8 Aegilops kotschyi Boiss. 
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���1 ���h/  

  

  � h;
�R�,�!���   

'��� '1 ��� %��� b
�B�'/�  +�5� � +��	��    U��i�/

'��� ��3�/ �  �/��cB	  +�5R�!?��
0  ��D  �����  .'���  +�5

 '/� �+�/�i�	 P4� l��� '��� '  ���� +  0� �
�Ad �� 

'���  +�5R�!?��
0  ��D  �����.    ��BD��  
���"  W�/P?�7  

'����5    � ��!JAL  2���/+��%�?  ) ���� +��
0 ��i�/59  .(

G�D H���	 ��  '/�  �5    %��	��� '  ����%��
�� �   +�5

I1��B	  ��in/ ��/+�B��    '
�� �   � +0����  P5�1  R. U�cJ/

����� C�D 0� ��-�/ �i� ��  �    �� p���	 s
��? 'M�B� +�/

'��� �?� +��   +�5R�!?��
0    ��D�	 I5��") ���116.(  

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            11 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 1	�% 9'UUU��UUU#18 1	�&
 94 91403                 

  
 

593 

 

A5 'B?S� U��3�N	|'��� ��B��7 P4� '  E��'/�  +�5  +�

'B?��  ��1�/  G�D H���	 ��b
�B�  .���    +�AO	 � +�K� 

)2017  (  '1  ���  %��� '��� '/�  +�5+�  P4�    �/Z���/

  �A�	+��   '���  �?� G�D  H���	  '3��!
  �5���  +�5

�����  �    �_"�O	  �!�D  0�  ��  ���.�	���1 .    �  �#��	

) %���!A52012���� %���  E��|A5 (�    '1'/�   s
��? �5

 R�!?��
0  ��  �
�ST�a��L  �  � ��� ��	�  �_�  0�  �����	

  '  '1 
��1 I5��" ��D�	 GA1 %�5��� �
�� ���4B�� ���1  .

  '1 ��� %��� '�3�N	 E
� b
�B�'��� ��3�/ �5    �� R�!?��
0 

'��� '  ���� ��� F�$3 '1 %�� '��� �B��  F�$3��T +�5

���  .'B"�
  U�4�4O/ +�5) ,��1��	 � E3.2006(    �i� '  ,��

  %��  �B�  �B
�Ad  '  ����'�	��  '���  +��   +�5

R�!?��
0    G�D  H���	  ��  ��D  .����  
��?�'���+�5  

�F�$3  %�5���  ��B��7  
�43� +�  ��B�5  '1  �	�����/  �4    �  

�?�   '���+�5  f�5  ��  ��  
�$B�
0+�5  ��� ��   �  'A�� G�D  

�   ����   %g��B��  C�D   �   ��!JAL  '
��%�?  ����   ���- �  

  '  'B�3��
�  q�?'��� '!  +�5R�!?��
0    F�$3 I5���?��  

)59(. 

��3�/  P5�1  p��  >��?@  fSd  '���  +�5

R�!?��
0    P
�,"�  �  �  �?  %��  '���  ��3�/  >��?@

'���  +�5R�!?��
0  ���	  P
�,"�  .��B?��  +���  U��3�N	

  'B?S�  %��������    �5��� P?�7 '���/ +��  >��?@ '1

 '/�  ��) ��� ��c	 ��� ��  +�5��018.(    � >��?@ P
�,"�

  'M�B������	    �
�ST  C�D�	>�  ��� P
�,"� xL�  ����/  �

  P
�,"�>�  E �1 RS# ���    �� %�5��� �?� � 
�?  P
�,"�

�5�  )22  'B�3�  .( s�O	 ����T  +�5�/  0�  %g��B��    %�5���

�	�����/  >�  �
�Ad +�� �5  U����5� �1 ���4	    +�B�� 

��    '�
� 0�'     'K��  �
�4/ �� %�5��� ��M	 �?� � 
��� ��4B��

) ���1 +�B�� 65� .('B�3    ��i�/ >��?@ %�? '"�^� � fSd

���	'��� �?� �  +���  +�5R�!?��
0    �?��� '�	�� ���V/

  �3. ���	 ���B�� 0� �?�� C�D �!
,�" � �
��A�? ���D

) ���� ��i�/ %�5��� '  �
�ST ���	 z�X-/ �  >��?@71 .(  

  '�	�� ��3� �B	 +����+�5    �5������Z" �G�3��" ����	 '
���i

  E��/ �) ���61.(  '
���i U���1�/ 0� +��
0 �
��4	 u@�ABd�

�J�" �J7 ���	  �     >��?@ '
,M/ �L������� �c�	 ��i�/  

)35  .(���B��  ���	  �J3. �/�7  0�  >��?@  �	 ����/  0�   ���4B�� 

����   �  �?�  '���+�5  �
0  W�/  P?�7  +����J#   ��1  )28  .(

�J3. �c�	 ��in/�/�7   '���# �  '�	�� 0� 
�? ��0.'��� ��0�5  +

 ��D P?�7 W�/ �
0  2��� s��/  
0�" �) �2006 `��,� (

 .��� 
�?    �  >��?@ fSd '1 ��� %��� E��|A5 b
�B�

'���  �?�  +�5R�!?��
0    '���H. hirta     �  ��h	  ��i�/

���	  �?� ,�� >��?@ P
�,"�  �  � �?�� +���'���  +�5

R�!?��
0    .��  'B"�
  P5�1 E��|A5  'B?S�  U��3�N	


��� %���  >��?@ C0��  '
@ �5��J���� �v�  �� '1 ���

���� >��?@ I�-^ '
@ '  ���� +�B�  ��!JAL �    '
@ ��
0

�	  >��?@  I�-^ '���  '���/  �  �?�  +��  ����	  ����/

R�!?��
0 ) ��?66 .(  

  '1  ���  %���  E��|A5  '�3�N	  E
�  b
�B�  fSd

>��?@    �  ��i�/  H
��  0�  ��i�/  C�D  E �1  �  � ���

���	+���    %�5���  � R�!?��
0    .�?�� ��i�/  %�,�	  'B�3�

?@� '��� +��  C�D E �1 �  >� .��� U��cB	 eJB-	 +�5

  � �i  +��
0  U��3�N	  ��  C�D  E �1  �  >��?@  q��/��


�?)  ���15  �67    �20  'B?S�  b
�B�  .(  '1  ���  %���

��/  >��?@�/��cB	  '
,M/  ���  +����  �5���  +�5  �  ���

) ����� C�D E �1 �  �/��cB	 U���i�/5  �14  �25    �60  .(

  >��?@�   ���V/  +�	�  �C�D  � ���  C�D  � pH C�D   �   

2!?+���  �  C�D  E �1  `��� ��in/  �	��S��  )63 .(  

�E
�� ��   >��?@   P4�  �A�	  ��   'D�Q+�5    E �1E�   

 %�5���   �   C�D  �����.    ����� %��� E��|A5 'B?S� U��3�N	

  '1��   %��	  2	��L  �$
�  � ���  �	����/  P4�  +��J1  ��  

+�5��
.�"  '
,M/  �c
�   ��1  )9  �32    �64( .  ��  IB����1� +�5  

 'A��G�D  '1  R.  G
   2	�L  ���O	   
���1  ����  � ���  

C�D   2	�L   �Ja�  ��B�1
���1  '
,M/  ���  )67  .(  %�	0��	�1

) %���!A5 �2019 ( G�D H���	 �/��	 �� >��?@ ��3�/

���  %���  �  ����1  ����  ��  ���1  ���1��    '1��   H���	

�G�D  ��3�/  �  q��/��  >��?@ '
,M/  �!
�,�  �   � ��� 

����  .>��?@  RS# �  �5.��  R  �� C�D � ��� %�,�	 %�

�	  P
�,"� ��5�.  >��?@  ���  RS#  �  E��|A5  �5 ���	

  C�D \N� 0� ��-�/ 'M�B� �� � 
�? ��?��D '�?� %����

�	 P
�,"� �� C�D � ��� � P5�1 ���) ��553  .( U����V/ 

��  '#��  U���d  �  � ���  C�D  ' 2�3�  U���in/  ���.  �   

'
,M/  � ��!�	  ���	  �3.  �	����/  �   ���B��  2CO  ��in/  

���S$   )1  .(
��� %��� �J�K U��3�N	  '1 ���  C�D � ���

�	 I�_�/ �� �/��	 �� IB����1� E �1 ����/) ��136  .(  �3

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            12 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 ����� ��	�
  ��
 ����� � ���   �
 ���
�  ���� ������� � �!�"  ... / !6�)# !���* ��	�B&" �    
  

 

594 

 

  %���!A5 �)2020(   C�D � ��� P
�,"� '1 ����  �4B�	

�	 
��� ��3�/ r�4/�� xL� ��?.   C�D � ��� ��J1 ��� ' 

  �c
� E �1 ���h/ �� �/��d P4��	 ��1  )73  .(  �'1 �M�. 0�

U����V/  �/.  ��  +�5�$3�  R.  �  �
��5  E!A	  ���  �M�	  '   

U����V/  ��!	  ��  2	��L  �B�
0��T  )'   %���L  ���h	   � ��� 

�  '#��  U���d  C�D  (�	��?  � �
0��  .�$��$Q    ��in/

�  >��?@  ��N�  eJB-	   C�D +�	�  �  � ���   ��A5�

����  +��
0    �'     �D��?f�N���  +�
S7  C�D  ��  � ��  

 �B
�
�	 � �N�O	 U@ZBD��	 +��
0 GA1��1  )43.(    

  ��	SEM    ���  %���'���   %g��B��  
���1  ���h/ 

I�	  �  ��S���i�/ ��B1�" E
�/'��� �/Z���/ P4� ���	 +�5

  '�3�N	��  .   '1  �����  %���  E��|A5  'B?S�  U��3�N	

'���%g��B�� 
���1 ���h/ +�5    �� >��?@ '
,M/ ��� � 

  H���	 'A��G�D  ���	  ��i�/���  +����)  �26(.   %�,�	

>��?@  ��  %g��B��  '���  E
��5   +��  
��B��  ���  ' 

  '
,M/ %�,�	 q���B��>��?@  �	 
��cB����?  )11  �� .(

'��� G�D H���	  ��!�	 � C�D E �1 0� �B��  F�$3 +�5

I�������  ��B�5 ��S���i�/ C�D >��?@ '
,M/ ��� �  �5

)47.(  ���K  �,
��!�	  +�5  '�
�  ��  ��#�	'���  F�$3  +�5

�	 '
,M/ ��3��" � ������" �  �����/
���1  �� � C�D +�5

) ����S$  ��in/ >��?@ '
,M/ 'M�B�62(.    �
�ST ���	 �S3

'���  ���BD�  ��  ��  +�B��   +�5R�!?��
0   ���K  ��D

�	'B"�
 .��5�  '1 ��� %��� E��|A5 '�3�N	 E
� +�5  ��N 

  I�4B�	 E�	��  >��?@  ��A1  �  E�	��  C�D  E �1

'��� �?� �  ��S���i�/ ��B1�"  +�5R�!?��
0  �� ��  .  %�5  �

) %���!A52024'��� 0� ��  ��B"�� 'M�B� E��|A5 (  +�5

�$3FI�	  C�D  E �1  ���i�/  ��B1�"  E
�/  �?�  �  ��S�

'���  +�5R�!?��
0  .���  � �K�  E�  �
�ST  ���	  +��   

'���C�D  @�A�	  '1  G�D  H���	  ��  �5���  +�5  +�5

  +��4"����� )  ���  �
�? ����  �52'��� .('/�  +�5 � +�

  �
�ST  ���	  0�  ��-Ja�d  �
�,#  ��M
�  �  �	���  s
��?

�	 I5��" %�5��� �?� +��  �����	  .���1  �4/�� �  >��?@

�	 0� �K�� �� C�D �
�ST ���	I��B1�" E
�/+�5   ��S���i�/

) ��� G�D H���	 �� �B�
0 t��/ � 24 .(   

 '���  %���  '�3�N	  E
�  b
�B�  �J1  ���  '���  +�5

 '/�   '  ���� +��	��� '���    +�/�i�	 P4�0� �
�Ad �� 

'���  +�5R�!?��
0    .�����  �  fSd  E�  �X-�	  'N ��

'���  ��3�/  �  >��?@  %�?  '"�^�  +�5 R�!?��
0    ��#�

j!L  �  �?���'���  2A�3�  '  �5 %�?  '"�^�  �  fSd

  .��  U��cB	 ����  >��?@  %�� '���� '��� '  ���  +�5

�?��  +�/@�  �/Z���/  P4�  �$
�'1  �    ��  �	�  E
�

'	���   �  G�D  �/��	  +��d�  +�5'A��G�D    k�O3  �
� 

  '"�^� � fSd '  %�� '��� �/Z���/ ��!JAL 'B�3� .��?

l��d >��?@ %�?  ��Q  U�? �E
�� ��  .��  �/  �
�   ' 

  2K��d '1 ��? I�_�/ +�O�50   %�� '��� >��?@ �a��

  .���A  �K�  IB����1� �� 

 !	�6[��i�  

  E
�H�4O/    
��A? '  ��5�67 ��� p3�K ��294844  

-5  -03-4813  
��  �  �  
�$���� ��5�67 U����BL� 0� +��	

.��� 
���� F�M�� '  �"��#  

  

  

  

 

 

References  

1. Abagandura, G.O., R.  Chintala, S.S. Sandhu, S. Kumar & T.E. Schumacher, 2019. Effects of biochar and 

manure applications on soil carbon dioxide, methane, and nitrous oxide fluxes from two different 

soils. Journal of Environmental Quality, 48: 1664–1674.  

2. Alexander, H.D. & M.A. Arthur, 2014. Increasing red maple leaf litter alters decomposition rates and nitrogen 

cycling in historically oak-dominated forests of the eastern U.S. Ecosystems, 17(8): 1371–1383. 

3. Asaadi, A.M. & M., Ghorbanzadeh., 2011. Determination of the most suitable than distance method for 

density measuring and distribution pattern of Artemisia in the north Khorasan province. The Second National 

Conference on Rangeland, Watershed and Desert Studies, Ferdowsi University of Mashhad. (In Persian) 

4. Awang, Z., A. Afthanorhan, M. Mohamad & M.A.M. Asri, 2015. An evaluation of measurement model for 

medical tourism research: the confirmatory factor analysis approach. International Journal of Tourism Policy, 

6(1): 29-45. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            13 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 1	�% 9'UUU��UUU#18 1	�&
 94 91403                 

  
 

595 

 

5. Azarnivand, H., H. Joneidy Jafari, M.A. Zarechahooki, M. Jafari & SH. Nikoo, 2009. Investigation of 

livestock grazing on carbon sequestration and nitrogen reserve in rangeland with Artemisia sieberi in Semnan 

province. Journal of Rangeland, 3: 590-610. (In Persian) 

6. Bagheri, R. & S. Mohammadi., 2017. Facilitation effect of some range species in a degraded rangeland on 

primary establishment of Agropyron desertorum (Fisch.) Schultes and Secale montanum Guss. Iranian 

Journal of Range and Desert Research, (4): 661-671. (In Persian) 

7. Bahalkeh, Kh., M. Abedi & Gh. Dianati Tilaki, 2017. The effect of seasons and exposures on microhabitat 

modifications of cushions Onobrychis cornuta. Quarterly journal of Environmental Erosion Research, 4(24): 

68-80.  

8. Callaway, R.M., 2007. Positive interactions and interdependence in plant communities. Dordrecht, The 

Netherlands: Springer. 

9. Campbell, E.E., W.J. Parton, J.L. Soong, K. Paustian, N.T.  Hobbs & M.F. Cotrufo, 2016. Using litter 

chemistry controls on microbial processes to partition litter carbon fluxes with the litter decomposition and 

leaching (LIDEL) model. Soil Biology and Biochemistry, 100: 160–174.  

10. Cleveland, C.C., S.C. Reed, A.B. Keller, D.R. Nemergut, S.P. O’Neill, R. Ostertag & P.M. Vitousek, 2014. 

Litter quality versus soil microbial community controls over decomposition: a quantitative analysis. 

Oecologia, 174: 283-294. 

11. Coûteaux, M.M., P. Bottner & B. Berg, 1995. Litter decomposition, climate and litter quality. Trends in 

Ecology and Evolution, 10(2): 63-66. 

12. Cui, J., S.K., Lam, S., Xu & D.Y.F. Lai, 2022. The response of soil-atmosphere greenhouse gas exchange to 

changing plant litter inputs in terrestrial forest ecosystems. Sci. Total Environ, 838: 155995. 

13. Danet, A., F. Anthelme, N. Gross & S. Kéfi, 2018. Effects of indirect facilitation on functional diversity, 

dominance and niche differentiation in tropical alpine communities. Journal of Vegetation Science, 1: 1–12. 

14. Dianati Tilaki, GH.A., A.A. Naghipour Borj, H. Tavakoli, M. Haidarian Aghakhani & M.R.S. Afkham 

Shoara, 2010. Influence of Exclosure on Carbon Sequestration of soil and Plant Biomas in semi-arid 

rangelands of North Khorasan Province. Rangeland, 3(4): 668-679. (In Persian) 

15. Ding, Y., D. Wang, G. Zhao, Sh. Chen, T. Sun, H. Sun, Ch. Wu, Zh. Yu, Y. Li & Zh. Chen, 2023. The 

contribution of wetland plant litter to soil carbon pool: Decomposition rates and priming effects. 

Environmental Research, 224: 115575. 

16. El-Keblawy, A., T. Kafhaga & T. Navarro, 2016. Live and dead shrubs and grasses have different facilitative 

and interfering effects on associated plants in arid Arabian deserts, 125: 127-135.  

17. Ellison, A.M., 2019. Foundation species, non-trophic interactions, and the value of being 

common. iScience, 13: 254-268. 

18. Facelli, J.M. & S.T.A. Pickett., 1991. Plant litter: Its dynamics and effects on plant community structure. The 

Botanical Review, 57: 2-32 

19. Fagundes, M.V., R.S. Oliveira, C.R. Fonseca & G. Ganade, 2022. Nurse-target functional match explains 

plant facilitation strength. Flora, 292: 152061. 

20. Feng, J., Zh. Li, Y. Hao, J. Wang, J. Ru, J. Song & Sh. Wan, 2022. Litter removal exerts greater effects on 

soil microbial community than understory removal in a subtropical-warm temperate climate transitional 

forest. Forest Ecology and Management, 505: 119867. 

21. Ghazanshahi, J., 2006. Soil and plant analysis. Hooma publication, 272 p. (In Persian) 

22. Gong, C., C.C. Song, D. Zhang & J.S. Zhang, 2019. Litter manipulation strongly affects CO2 emissions and 

temperature sensitivity in a temperate freshwater marsh of northeastern China. Ecological Indicators, 97: 

410–418.  

23. Graff, P., & M.R. Aguiar, 2017. Do species' strategies and type of stress predict net positive effects in an arid 

ecosystem? Ecology, 98(3): 794–806.  

24. Han, Y., K. Köster, X. Dou, J. Wang, Ch. Yu, H. Hu, Y. Ding & T. Hu, 2024. Prescribed burning reshapes 

the relationship between soil chemical properties and understory plant biodiversity. CATENA, 246: 08478. 

25. Hasanvand, H., M. Azimi, H. Niknahad Ghermakher & G. Rahbar, 2020. Quantifying of carbon sequestration 

for the ecosystem by dominant species in Tilabad rangelands, Golestan province. Journal of Rangeland, 4: 

673-684. (In Persian) 

26. Hou, S.L., S. Hättenschwiler, & J.J, Yang, 2021. Increasing rates of long-term nitrogen deposition 

consistently increased litter decomposition in a semi-arid grassland. New Phytologist, 229: 296-307 . 

27. Hyvonen, R., S, Agren, T, LinderPersson, M.F, Cotrufo, A, Ekblad, M, Freeman, A. Grelle, I.A. Janssens, 

P.G. Jarvis, S. Kellomaki, A. Lindroth, D. Loustau, T. Lundmark, R.J. Norby, R. Oren, K. Pilegaard, M.G. 

Ryan, B.D. Sigurdsson, M. Stromgren, M. van Oijen & G. Wallin, 2007. The likely impact of elevated CO2, 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            14 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 ����� ��	�
  ��
 ����� � ���   �
 ���
�  ���� ������� � �!�"  ... / !6�)# !���* ��	�B&" �    
  

 

596 

 

nitrogen deposition, increased temperature and management on carbon sequestration in temperate and boreal 

forest ecosystems: a literature review. New Phytology, 173 (3): 463–480.  

28. Inderjit, T.R. Seastedt, R.M. Callaway, J.L. Pollock & J. Kaur, 2008. Allelopathy and plant invasions: 

Traditional, congeneric and bio-geographical approaches. Biological Invasions, 10: 875-890. 

29. IPBES., 2019. Global assessment report on biodiversity and ecosystem services of the Intergovernmental 

Science-Policy Platform on Biodiversity and Ecosystem Services. E. S. Brondizio, J. Settele, S. Díaz, & H. 

T. Ngo (Eds.). IPBES secretariat. 

30. Jafari, A. & Y. Askari., 2015. Comparison of different biodiversity indexes in different sampling designs 

(Case Study: Chahartagh Forested Reserve, Chaharmahal & Bakhtiari Province). Environmental Researches, 

7: 135-144.  

31. Kamruzzaman, Md., K. Basak, S. K. Paul, S. Ahmed & A. Osawa, 2019. Litterfall production, decomposition 

and nutrient accumulation in Sundarbans mangrove forests, Bangladesh. Forest Science and 

Technology, 15(1): 24–32.  

32. Lehmann, J. & M. Kleber., 2015. The contentious nature of soil organic matter. Nature, 528(7580): 60–68. 

33. Li, J., C. Yang, H. Zhou & X. Shao, 2020. Responses of plant diversity and soil microorganism diversity to 

water and nitrogen additions in the Qinghai-Tibetan Plateau. Global Ecology and Conservation, 22: e01003.  

34. Li, J., C. Zhao, H. Zhua, Y. Li & F. Wang, 2007. Effect of plant species on shrub fertile island at an oasis–

desert ecotone in the South Junggar Basin, China. Journal of Arid Environments, 71: 350–361. 

35. Liao, J.D., & T.W. Boutton, 2008. Soil microbial biomass responsento woody plant invasion of grassland. 

Soil Biol Biochem, 40: 1207–1216. 

36. Liu, X., D. Zhu, W. Zhan, H. Chen, Q. Zhu, Y. Hao, W. Liu & Y. He, 2019. Five-year measurements of net 

ecosystem CO2 exchange at a fen in the Zoige peatlands on the Qinghai-Tibetan Plateau. Journal of 

Geophysical Research: Atmospheres, 124 (22): 11803-11818. 

37. Losapio, G., B. Schmid, J. Bascompte, R. Michalet, P. Cerretti, C. Germann, J.P. Haenni, R. Neumeyer, 

F.J. Ortiz-Sánchez, A.C. Pont, P. Rousse, J. Schmid, D. Sommaggio & C. Schöb, 2021. An experimental 

approach to assessing the impact of ecosystem engineers on biodiversity and ecosystem functions. Ecology, 

e03243.  

38. Losapio, G., F.I. Pugnaire, M.J. O'Brien & C. Schöb, 2018. Plant life history stage and nurse age change the 

development of ecological networks in an arid ecosystem. Oikos, 128: 1390–1397. 

39. MacDicken, K.G., 1997. A guide to monitoring carbon storage in forestry and agroforestry projects. Winrock 

Internationl Institute for Agricultural Development, Forest Carbon Monitoring Program. 

40. Maguran, A.E., 1988. Ecological diversity and its measurment. Croom Helm Ltd. London. 

41. Marquez, V.J., & E.B. Allen, 2006. Ineffectiveness of two annual Legumes as nurse plants for establishment 

of Artemisia californica in Coastal Sage Scrub. Restoration Ecology, 4(1):42 – 50. 

42. Marsh, Ch., J.C. Blankinship & M.D. Hurteau, 2023. Effects of nurse shrubs and biochar on planted conifer 

seedling survival and growth in a high-severity burn patch in New Mexico, USA. Forest Ecology and 

Management, 537: 120971. 

43. McDermot, C. & S. Elavarthi., 2014. Rangelands as carbon sinks to mitigate climate change: A 

review. Journal of Earth Science & Climatic Change, 5(8): 221. 

44. McIntire, E.J. & A. Fajardo., 2014. Facilitation as a ubiquitous driver of biodiversity. New 

Phytologist, 201: 403–416. 

45. Mohajer, N., M.H. Juri, M. Mahdavi, N. Mohajer & M. Baghestanifar, 2012. Investigating the role of nurse 

(supporter) species on the preservation of species diversity in three different grazing treatments (severe, 

medium and heavy grazing areas) case study: in the summer meadows of Sar Ali Abad, Gorgan. Plant 

Environmental Physiology, 8: 15-24. (In Persian) 

46. Molina-Montenegro, M.A., R. Oses, C. Atala, C. Torres-Díaz, G. Bolados & P. León-Lobos, 2016. Nurse 

effect and soil microorganisms are keys to improve the establishment of native plants in a semiarid 

community. Journal of Arid Environments, 126: 54-61. 

47. Mouginot, C., R. Kawamura, K.L. Matulich, R. Berlemont, S.D. Allison, A.S. Amend & A.C. Martin, 2014. 

Elemental stoichiometry of Fungi and Bacteria strains from grassland leaf litter. Soil Biology and 

Biochemistry, 76: 278-285 . 

48. Nabeel, M. & M.R. Fawzia., 2006. Allelopathic effect of Artemisia sieberi on germination and seedling 

growth of Anabasis setifera. Pakistan Journal of Biological Sciences, 9: 1795-1798. 

49. Navarro-Cano, J.A., M. Goberna, A. Valiente-Banuet & M. Verdú, 2016. Same nurse but different time: 

Temporal divergence in the facilitation of plant lineages with contrasted functional syndromes. Functional 

Ecology, 30: 1854–1861. 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            15 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 1	�% 9'UUU��UUU#18 1	�&
 94 91403                 

  
 

597 

 

50. Navarro-Cano, J.A., M. Verdú, C. García & M. Goberna, 2015. What nurse shrubs can do for barren soils: 

Rapid productivity shifts associated with a 40 years ontogenetic gradient. Plant and Soil, 388: 197–209.    

51. Nelson, D.W. & L.E. Sommers., 1982. Total carbon, organic carbon, organic matter. In: Page, A.L., Miller, 

R.H., Kenney, D.R. (Eds,). Methods of Soil Analysis, Part 1, 2nd Edition. Agronomy Monograph 9. 

American Society of Agronomy, Madison, Wisconsin, USA, pp. 539-580. 

52. Odebiri, O., O. Mutanga, J. Odindi, R. Slotow, P. Mafongoya, R. Lottering, T. Naicker, N. Matongera & M. 

Mngadi, 2024. Mapping sub-surface distribution of soil organic carbon stocks in South Africa's arid and 

semi-arid landscapes: Implications for land management and climate change mitigation. Geoderma Regional, 

37: e00817.  

53. Ogée, J., E. Lamaud, Y. Brunet, P. Berbigier & J.M. Bonnefond, 2001. A long-term study of soil heat flux 

under a forest canopy. Agriculture and Forest Meteorology, 106: 173-187. 

54. Osborne, B.B., F.M. Soper, M.K. Nasto, D. Bru, S. Hwang, M.B. Machmuller, M.L. Morales, L. Philippot, 

B.W. Sullivan, G.P. Asner, C.C. Cleveland, A.R. Townsend & S. Porder, 2021. Litter inputs drive patterns 

of soil nitrogenheterogeneity in a diverse tropical forest: Results from a litter manipulation experiment. Soil 

Biology & Biochemistry, 158: 108247. 

55. Pabo, H., 1969. Development and improvement of pastures in Iran, translated by Guderz Shidaei. Ministry 

of Natural Resources, Tehran, Iran. 219 p. (In Persian) 

56. Pang, Y., J. Tian, L.X. Liu, L.N. Han & D.X. Wang, 2021. Coupling of different plant functional group, soil, 

and litter nutrients in a natural secondary mixed forest in the Qinling Mountains, China. Environmental 

Science and Pollution Research, 28: 66272–66286. 

57. Podlech, D., 1990. Die Typifizierung der altweltlichen Sektionen der Gattung Astragalus L. (Leguminosae). 

-Mitt. Bot. Staatssamml. Münch. 29: 473. 

58. Price, P.W., 1997. Insect Ecology. John Wiley and Sons Inc. New York 874 pp. 

59. Ren, H., L. Yang & N. Liu, 2008. Nurse plant theory and its application in ecological restoration in lower 

subtropics of China. Progress in Natural Science, 18: 137-142. 

60. Shahbaz, M., P. Bengtson, J.R. Mertes, B. Kulessa & N. Kljun, 2022. Spatial heterogeneity of soil carbon 

exchanges and their drivers in a boreal forest. The Science of the Total Environment, 831: 154871. 

61. Singh, R., P.K. Verma & G. Singh, 2012. Total phenolic, flavonoids and tannin contents in different extracts 

of Artemisia absinthium. Journal of Intercultural Ethnopharmacology, 1(2): 101-104. 

62. Song, X., J. Cai, H. Meng, Sh. Ding, L. Wang, B. Liu, Q. Chang, X. Zhao, Zh. Li & D. Wang, 2020. 

Defoliation and neighbouring legume plants accelerate leaf and root litter decomposition of Leymus chinensis 

dominating grasslands. Agriculture, Ecosystems & Environment, 302:107074. 

63. Suseela, V. & N. Tharayil., 2018. Decoupling the direct and indirect effects of climate on plant litter 

decomposition: Accounting for stress-induced modifications in plant chemistry. Global Change Biol., 

24(4):1428–51 

64. Tamura, M., V. Suseela, M. Simpson, B. Powell & N. Tharayil, 2017. Plant litter chemistry alters the content 

and composition of organic carbon associated with soil mineral and aggregate fractions in invaded 

ecosystems. Global Change Biology, 23(10): 4002–4018.  

65. Villar-Salvador, P., M. Uscola & D.F. Jacobs, 2015. The role of stored carbohydrates and nitrogen in the 

growth and stress tolerance of planted forest trees. New Forests, 46: 813-839. 

66. Violle, C., J. Richarte & M.L. Navas, 2006. Effects of litter and standing biomass on growth and reproduction 

of two annual species in a Mediterranean old-field. Journal of Ecology, 94:196–205 

67. Wang, Y., F.Y. Li, X. Song, X. Wang, G. Suri & T. Baoyin, 2020. Changes in litter decomposition rate of 

dominant plants in a semi-arid steppe across different land-use types: Soil moisture, not home-field 

advantage, plays a dominant role. Agriculture, Ecosystems & Environment, 303: 107119. 

68. Wieder, W.R., C.C. Cleveland, Ph.G. Taylor, D.R. Nemergut, E.L. Hinckley, L. Philippot, S.R. Weintraub, 

M. Martin & A.R. Townsend, 2013. Experimental removal and addition of leaf litter inputs reduces nitrate 

production and loss in a lowland tropical forest. Biogeochemistry, 113: 629-642  . 

69. Wilcox, B.P., D.B. Breshears & C.D. Allen, 2003. Ecohydrolgy of a resource-conserving semiarid woodland: 

temporal and spatial scaling and disturbance. Ecological Monographs, 73: 223–239. 

70. Wright, A.J., D.A. Wardle, R. Callaway & A. Gaxiola, 2017. The overlooked role of facilitation in 

biodiversity experiments. Trends in Ecology & Evolution, 32: 383–390. 

71. Yang, Y., Y.X. Dou & S.S. An, 2018. Testing association between soil bacterial diversity and soil carbon 

storage on the Loess Plateau. Sci. Total Environ. 626: 48–58.  

72. Yari, R., S.M. Mirmiran & J. Motamedi, 2024. The effect of the facilitation of Astragalus gossypinus and 

Acantholimon raddeanum species on the species diversity of the rangeland habitats of Baharkish, Binaloud, 

Razavi Khorasan. Journal of Rangeland, 18: 301-315. (In Persian) 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

                            16 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html


 ����� ��	�
  ��
 ����� � ���   �
 ���
�  ���� ������� � �!�"  ... / !6�)# !���* ��	�B&" �    
  

 

598 

 

73. You, Y., S. Wang, N. Pan, Y. Ma & W. Liu, 2020. Growth stage-dependent responses of carbon fixation 

process of alpine grasslands to climate change over the Tibetan Plateau, China. Agricultural and Forest 

Meteorology, 291. 

74. Zheng, X., Q. Liu, L.Y. Zheng, S.L. Wang, L.J. Huang, J. Jiang, B.H. Wang, X.J. Liu, X.D. Li, X.F. Hu, 

X.M. Guo & L. Zhang, 2020. Litter removal enhances soil N2O emissions: Implications for management of 

leaf-harvesting Cinnamomum camphora plantations. Forest Ecology and Management, 466: 118121. 

75. Zheng, X., S.L. Wang, X.T. Xu, B.L. Deng, X.J. Liu, X.F. Hu, W.P. Deng, W.Y. Zhang, J. Jiang & L. Zhang, 

2021. Soil N2O emissions increased by litter removal but decreased by phosphorus additions. Nutrient 

Cycling in Agroecosystems, 123(1): 49-59. 

  
 

 [
 D

O
R

: 2
0.

10
01

.1
.2

00
80

89
1.

14
03

.1
8.

4.
7.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 r

an
ge

la
nd

sr
m

.ir
 o

n 
20

25
-0

8-
01

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

https://dor.isc.ac/dor/20.1001.1.20080891.1403.18.4.7.9
http://rangelandsrm.ir/article-1-1295-en.html
http://www.tcpdf.org

