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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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���	� �� +���  \N99    ���#) ����  %���A�� �a��2(  .

  >��?@  ��200    �a��  '���H. hirta     ���4	  E�B�� 

  E�$���	 �  C�D � ���39/3±75/7    .�? 
�5��	 �a��

  ��A�/ ���ca    >��?@ �a��  '���H. hirta    E�BA1 ,��

  E�$���	 �  C�D � ��� %�,�	71/0±8/1    �a��  
�5��	

.�?   �� +��  C�D +�	� �_� 0� >��?@ eJB-	 +�5��A�/

  '���A. gossypinus    �A. aucheri  ���	 fZBD�  �� +���

  \N�95    .��B?���  %���A��  �a��  '��� C�D +�	�H. 

hirta   ���	 fZBD� +����  eJB-	 +�5��A�/ �� �� +���

�  \N95    ���#)  ����  %���A��  �a��2(  >��?@  ��  .

200    �a��  '���H. hirta     �  C�D +�	� ���4	 E�BA1

  E�$���	23/5±9/26    E �1 .�? 
�5��	 ���$�B��� '#��

  C�DR�!?��0    '���A. gossypinus   eJB-	 +�5��A�/ ��

���	  fZBD�  +������  \N�  ��  +�99   %���A��  �a��

 .����     >��?@  ��200    �a��  '���A. gossypinus  

  ���4	 E�B�E �1    E�$���	 �  C�D54/0±17/3   �a��

  C�D E �1 .�? 
�5��	R�!?��0    '���A. aucheri   ��

���	 fZBD�  +����  eJB-	 +�5��A�/  \N� �� +���95 

  ���#) ����  %���A�� �a��2  >��?@ �� .(200   �a��

  '���A. aucheri    ���4	  E�B�� E �1    E�$���	  �  C�D

33/0±73 /1    C�D  E �1  .�?  
�5��	  �a�� R�!?��0 

'���H. hirta    fZBD�  +����  eJB-	  +�5��A�/  ��

���	  \N� �� +���99  ��  %���A��  �a��.    >��?@ ��

200    �a��  '���H. hirta     �  C�D E �1 ���4	 E�B�� 

 E�$���	23/0±9/5 �? 
�5��	 �a��   ���#)2 .(  

  

/��=  2:  	% `�* :
�+ � �#% 9L
�A	 :�[���# ��>� #<�B��>0 ���� !�"A. gossypinus  9A. aucheri  �H. hirta   !�"	�&�� L;�

 ���� _I,X#  

  

	���4 AVE  � CR ��	 +�,#� +��  SEM  ��_�	 ' 

��in/  ����   ��T  �  I�4B�	I�4B�	  >��?@    �   P4�

'��� �/Z���/�5    �? ���.�   ���#)3  .('c3�	 'A5  '  �5

+���� p�/�/ AVE � CR  0� P� 5/0  �7/0    %��� '1 ���� 

��� 
�? '���� ��	 ���7 � ���� 
��5� .

  

 /��=3- ���+�� ��$�&A� L�I
�b (CR) ��[&" �>��	 � (AVE) !��
 ���� ������� � ��
 `�* -��c�W* 9���� ����� ��	�
 �" 

 ��d,#  AVE  CR 

>��?@ 85/0  93/0  

 C�D � ��� 72/0  92/0  

 C�D +�	� 71/0  88/0  

C�D E �1 83/0  89/0  

 ���� F�" 89/0  95/0  

�'��  %g��B�� 
���1 ���h/ 92/0  98/0  

 '��� �/Z���/ P4�  76/0  84/0  

  

200%  ���� 100% ���� 50% ���� 0% ����  F   ̀ �* -��c�W* ���� ^�� 

23/2±1/6a 42/32±1/4b 89/5±0/3c 67/7±0/1d **24/6   (�a��) C�D � ��� A. gossypinus 

29/9±13/30a 39/8±8/31a 41/6±14/31a 13/4±5/31a 58/1   ���$�B��� '#��) C�D +�	� 

54/17±0/3a 85/25±0/2b 59/41±0/1c 14/1±0/1c **56/8   (�a��) C�D E �1  

46/1±2/4a 78/3±1/2b 74/7±0/1c 58/4±0/1c *29/3  (�a��) C�D � ��� A. aucheri 

27/9±6/30a 36/5±6/31a 14/9±3/32a 63/2±2/33a 86/1  ���$�B��� '#��) C�D +�	� 

33/73±0/1a 72/587±0 /1a 32/98±0/0b 63/26±0/0c **18/5   (�a��) C�D E �1  

39/75±3/7a 17/12±2/5b 27/62±1/3c 71/8±0/1d **24/6  (�a��) C�D � ��� H. hirta   

23/9±5/26b 35/7±4/31a 21/8±6/30a 34/4±7/32a *23/3  ���$�B��� '#��) C�D +�	� 

23/9±0/5a 28/7±0/2b 76/9±0/1c 13/4±0/1c **32/8  (�a��) C�D E �1  
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 YB3: !	�,*�� -�%�.# !0�� /�# (SEM) !��
  ���� ����� ��	�
 �`�* -��c�W* ���� ������� � ��
 �"  

  I�4B�	 s ��� �� ���h/ '���  E�B��  %g��B�� 
���1

 '��� �  �� ��i�/  +�5R�!?��0    \N� ��99   %���A�� �a��

  ���#) ��B?��4 �� C�D � ��� � C�D E �1 �>��?@ .(

 '�/�)  ��B?��  ���K  +��  +�501/0p<  >��?@  ���4	  .(

 '��T  ���  �  C�D  � ���  �C�D  E �1  H��  0�  I�4B�	

�'��   '���  �  %g��B��  
���1  ���h/  +�5R�!?��0   ��i�/

���	) ��B?�� +���05/0p<.(  

  

  

 /��=4: Y+ � 3� ,�#��g 93� ,�# -���� ���� ������� � ��
 1��� � `�* -��c�W* 9�����" P<0.05 (*) 9P<0.01 (**)  � 

P<0.001 (***)   L��  

 1� %	����,�� �,
 ���#  ��d,# 

**362/0  I�4B�	  >��?@ ��A1 
*167/0   C�D E �1 H�� 0� I�4B�	 ��T 
*156/0  C�D � ��� H�� 0� I�4B�	 ��T 

043/0  0� I�4B�	 ��T C�D +�	� H�� 

073/0  ���� F�" H�� 0� I�4B�	 ��T 

071/0 � H�� 0� I�4B�	 ��T'��  %g��B�� 
���1 ���h/  
***746/0 21  
**285/0  I�4B�	  C�D E �1 
*185/0  I�4B�	   C�D � ��� 

076/0-  I�4B�	   C�D +�	� 
*165/0  I�4B�	   ���� F�" 
**323/0  I�4B�	  �'��  %g��B�� 
���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.(  
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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
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  %���!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�
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