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Abstract Article Info 

Background and objectives: Due to the extensive area of rangelands and 

constraints in time and cost, direct estimation of rangeland production through plot 
sampling becomes impractical. Therefore, indirect methods, such as estimating 

phytomass from plant dimensions, have been proposed. However, determining the 

optimal sample size for the clipping and weighing method poses a challenge. This 

study aimed to determine the minimum required sample size for this method and 

explore its impact on correlation and regression tests. 

Methodology: The study was conducted in four areas within the carbon 

sequestration project of Hossein Abad Sarbisheh, South Khorasan Province. 

Sampling was carried out during the full growth period of Atriplex canescens 

(Pursh) Nutt, a key plant species in the project. Initial sampling involved 10 samples 
to calculate the required sample size. A random individual of Atriplex was selected 

in each row, and its dimensions were measured. The entire aerial part of the plant 

was then clipped to estimate phytomass, which was subsequently weighed after 
drying. Correlation and regression tests were conducted to assess the relationship 

between plant dimensions and phytomass. Sample size was determined using power 

analysis with effect size, test power (60% and 80%), significant level of 0.05, and 
alternative hypothesis. The sample size was also determined through the drawing 

method. Subsequent samplings were conducted with increased sample sizes of 20 

and 30. Coefficient of variation (CV) was used to evaluate sampling accuracy, and 

various model selection criteria were employed after regression analysis. 

Results: Initial sampling of 10 samples showed no significant correlation between 

height and phytomass of Atriplex (R = 0.45, t (8) = 1.42, p > 0.05 (2-tailed)). 

However, with increased sample sizes of 20 and 30, significant correlations were 
observed (R = 0.67, t (18) = 3.84, p < 0.01 (2-tailed)) and (R = 0.62, t (28) = 4.15, 

p < 0.01 (2-tailed)), respectively. The power of correlation and regression tests 

increased with larger sample sizes (correlation test power: 0.27, 0.93, and 0.99; 
regression test power: 0.29, 0.97, and 0.98, respectively). Harvey-Collier test 

indicated significant linear relationship between height and phytomass in the data 

of 20 samples (p > 0.05), but not in 30 samples (p < 0.05). A sample size of 23 to 

36 was recommended to achieve 60% and 80% power. Sampling accuracy in plant 
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height measurement was higher than phytomass, and it decreased as the number of 

samples increased. 

Conclusion: The power of correlation and regression tests from 10 initial samples 

was found to be less than 0.50%, which is generally not recommended for 

conducting studies. The study suggests that using 10 samples is not advisable. 

Additionally, increasing sample size led to higher coefficient of variation (CV) for 

height and phytomass, indicating reduced sampling accuracy. In rangeland 
research, fatigue and decreased precision in subsequent estimations and samplings 

were observed. The drawing method was found insufficient in determining the 

required sample size for estimating Atriplex phytomass. 
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��!  )H3  9��!���  '!��  �4

9�	&����6�Q  ) �2�	��  ��4 -9�!����  �a/
�-  �  ���2���

�;��"-9�	&� .�Q )!��� ���  N�� 9�E4 ����� �� ) �2�	�� ��4

  8 �� '!�� 9�	&�nortest    8���)1.0-4  %O".�Q N�\�� (

  9�	&� &� �'���� 9��� )H3 )!���Harvey-Collier   ����)

harvtest  8 ��  '!��  (lmtest    8���)39-0.9  
��W !�  .(

  .�Q  

. $4 8/U�	-    :���	� :�/(� � 8
�\� 8�
�<	 %O"

  �� �9�!��6  )# �+E4 Z
��T � �X�  
&����10  �20    �30 


&����  8��E�  9�	&�  &�  �����z  )�*	 .�Q 
��W !�  �� ����

  GH!05/0    �����  &�  ��f�	  K
��  .�Q  )!���

compare_independent_rs    �compare_effect_sizes    ��

  8 ��kim    8���)0.5.55  �Y
� � )���&�� %O" .�Q 
��W !�(

  ����  &�  ���\	cor_diff    8 ��  ��bruceR    8���)4.1.3 (

)�*	  GH!  :0��U  .�Q  
��W !� Z
��T  ����  ����

  )# �+E430  �40  �50  �60   8�/; 9��� .�Q ]�$	 ... �

  ����  '!��  )# �+E4  `��Twp.correlation   8 ��  ��
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ggplot2     8���)3.3.5 9�	&�  &�  C6  .�Q  .�!��  (

  Z
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�� .�Q 
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0.10.18��E�  %0�  )!���  ��f�	  8�  .�Q  N�\��  ( �������

) c����1� Z
�T � ���*	 r��(�� �K�#���	 �
��<	CV  �� (

  �� 8*2�H	 ���	 %Wd10   8+!�(	 N�! � N�� ���� 8��E�

9�	&� � c�+!�(	 8�/; .�Q  '�(	 �� �4R  8���)  4.2.2 (

  ���F� N�� �G*Power    8���)3.1.9.4 ��"� 8+��	 K
��P (

 .%!� 
�Q )���&�� �  

.O�  8/U�	-    :Y
� �  J����9�	&�  8�/;  Y
� �  ��4

  ���� '!�� ���	�apa    8 �� ��yarrr    8���)0.1.5  ����� � (

apa.cor.table    �apa.reg.table    8 ��  ��apaTables 

 8���)2.0.8 %	�F 8� � (APA ) �Q J����28.(  

  

 A9��� 
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�T � c����1� 8�	�� ����*	 
�+ Q� K
� E;

9�$� )\; Z
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&���� 8� u���	 c����1� K
� $�� .%!� 8*2�H	  �d�� ����

 .%!� C	� �F � GH! �SQ�6  

  

  

  Y
�32: +	�����&�I� �	�� '��c�JR Pb�c�� ��?  


��	� )W�d�� ��4   (N���/�;) C	� �F   SQ�6 �d��   (� 	) k�W���   (Z*-	 � 	) .\U   (���	 � 	) GH!  

 K�#���	  13/4  23/1  01/1  16/3  98/2  

 K�#���	 &� ���*	 
�+ Q� 60/0  22/0  03/0  40/0  44/0  

 c����1� 8�	��  57/5  17/4  75/0  32/7  81/8  

 ���*	 r��(��  30/3  19/1  17/0  20/2  40/2  

 )\;  01/1  81/0  59/0 01/0  45/0  

 )���$;  13/0-  39/0-  49/0  17/1-  66/0 

 c����1� Z
�T  79/0  97/0  16/0  62/0  80/0  

 P"�"�� 	���  

 N�"�� ���C�D- P[����?  

)	 9�$� 8�����P )# �+E4 :�/(�  Y
� �  K��  �4�

)  GH!  ��  C-/D
���  C	� �Fr = 0.49, p < 0.01 (2-

tailed)) .\U �(r = 0.65, p < 0.01 (2-tailed) k�W��� � (

)r = 0.49, p < 0.01 (2-tailed))�*	  )# �+E4  (  ����

  �� C-/D
��� C	� �F K�� �	� .���� ��"�  SQ�6 }�� �d��

)r = 0.49, p > 0.05 (2-tailed))�*	  )# �+E4  (  ����

 :-Q) ����� ��"�4 .(  

  

  
 N,64:  ) ���C�D- P[����? 	�����corgraph �,"d9��� ������ �
 ��&�I� �	�� '�bc (  

  

 ���C�D- Q����C	 N�"��  

)	  9�$�  Y
� �  C��
���  N���  :	��  ���<	  8;  �4�

)VIF  &�  � $��  C-/D
���  .\U  (5   )	  �  %!�  &�  %�
��

  ���") ��Q r�U 82��*	3)	 9�$� )/; 82��*	 .(  8; �4�

)�*	  )H3 8H���  c�Wd ��  C-/D
���  C	� �F  K��  ����

)���� ��"� 8*2�H	 ���	= .49, F(3, 25) = 8.15, p ≤  2R

0.01 K
� $�� �� 
��� k�W��� �8*2�H	 ���	 c�Wd K�� &� .(

)  ��X��  Z
�T67/0=Beta(     ���U67   c����1�  �d��

)	 8�"�� �� C-/D
��� 
��� C	� �F ���") ��;4 .(  

  

0.029  

0.493 **

0.652 **

0.486 **

0.645 **

0.425 *

0.316  

0.756 **

0.423 * 0.784 **

Phytomass Cover Height Volume

Cover
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*p<0.05; **p<0.01
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 Y
�33: ) ���9	�
 �	�� N��( �9����VIF���
� ( +��C  �,"d9��

 Y�� 
� 	� Q����C	  

 )���!��� ��	 VIF    
 �d��

SQ�6  
 k�W���  GH!   .\U  

 ��� ��	  33/3  00/5  40/4  36/7  

 N�� ��	  72/1  89/1 22/1  -  

  

 Y
�34:   �
	 �� +��C ������ �	
��
 Q����C	 Y�� 
� A9���

�,"d9��� +��C ���
�  

Z
��T   ������  
  
�+ Q�

 ���*	  

  Z
�T

 ��X��  
 ���<	t Pr(>|t|)  

 ���<	

%��X  
29/8-  17/3  -  61/2-  01/0 *  

 �d��

SQ�6  
35/1-  48/0  52/0-  80/2-  001/0**  

 k�W���  35/12  57/3  67/0  45/3  001/0**  

GH!  47/0  20/0  36/0  32/2  03/0*  

  

 �,"d9��� ������ 
 /�b�	� P[����? N�"��  

  ��	  ��  ��  ��X��  K
� $��  
���  k�W���  8;  )
�\��  &�


&����  �  ����  9��!���  9�  ����  �SQ�6  �d�� 8�  %+��

%U��  .\U  �  GH!)	  N�\��  � *
�!  �  �� 8�<�  ���Q

:�/(� 8	��� C-/D
��� C	� �F � k�W��� ��� �� ���	� ��4

  .��; ���6)	 9�$� Y
� �  8; �4�
��� ��4  k�W���   
���  ��  

)	�E�  8��E����	 ��4  8*2�H	  ��	��    ) %!�p > 0.05 (2-

tailed)  .(
���  
���  C	� �F  ��4 ��  20  ���  8��E�  ��	��  

���6�Q 9�	&� Y
� � �	� ��� �4-9�!���� � a/
�-  ���2���

)	 9�$�  8; �4� 
���  k�E\	 ��430   �� ��� ��	�� 8��E� 

)p ≤ 0.01 (2-tailed)�;��" 9�	&� Y
� � �	� .(- &� );�U ���

 
��� 9��� ��	��) ���� C	� �F ��4p > 0.05 (2-tailed)  (

 ���")5 .(  

  

 Y
�35: Q���� A9���+��� P��&���� ��?�L�
�� G���� 	� �,"d9��� ������ 
 /�b�	� ��? 

Jarque-Bera Anderson-Darling Shapiro-Wilk  

p.value  
��	� p.value  
��	� p.value  
��	�  
��� k�W��� 

67/0 81/0 33/0 38/0 33/0 92/0 10 8��E� 

42/0 74/1 17/0 51/0 14/0 93/0 20 8��E� 

13/0 08/4 09/0 63/0 08/0 94/0 30 8��E� 

       C	� �F  

21/0 08/3 12/0 55/0 09/0 87/0 10 8��E�  

52/0 29/1 11/0 58/0 15/0 93/0 20 8��E�  

18/0 48/3 00/0 17/1 00/0 88/0 30 8��E�  

)	 9�$�  �T�U S4�56  Y
� �  ��  8; �4�10   8��E�

 )# �+E4  C-/D
���  C	� �F  �  k�W���  K��  �8�2��

)�*	) ����� ��"� ����r = 0.45, t(8) = 1.42, p > 0.05 

(2-tailed)(.    8�  8��E�  ���*�  S
��F�  ��20    Z
�T  ����


&����  ���	  ��1 	  ��  K��  )# �+E4)�*	  ����  
�Q  ���

)  %!�r = 0.67, t(18) = 3.84, p < 0.01 (2-tailed) ��  .(

8��E� 8	���  8� 8��E� ���*� S
��F� �� �������30    Z
�T ����


&����  ���	  ��1 	  ��  K��  )# �+E4)�*	  ����  
�Q  ���

) %!�r = 0.62, t(28) = 4.15, p < 0.01 (2-tailed) .( 

)	 9�$� Y
� �  �� 8; �4�10   �X� 
&���� �8�2�� 8��E�

)�*	 �	� �%!� '!� 	 9�!��6 )# �+E4 Z
�T %��� ���

)d = 1.01, p > 0.05 )# �+E4  Z
�T  �X�  
&����  �	�  .(

  �� 9�!��620    � 8��E�30  8��E� 8��E�  ���� �
�Q ������

)�*	  �)  %!�  ���8�Z����  :d = 1.81, p < 0.01     �d = 

1.57, p < 0.01 )	  9�$�  Y
� �  K��hE4  .(  ��  8;  �4�

  ���6 S
��F� 9���	 9�E4 8� 9�	&� 9��� �8��E� ���*� S
��F�

)	  9�	&�  9���)  ��;8�Z����  :27/0  �93/0    �99/0  .(

����4 9�	&� 8\� � K��hE4-)	 9�$� ��2�;  8H��� 8; �4�


���  ��  
���  C	� �F  �  k�W���  K��  )H3  ��420    8��E�

)�*	 8�2��) %!� ���p > 0.05 k�W��� K�� )H3 8H��� �	� .(

  :; �� C	� �F  �30  )�*	  8��E�)  %���  ���p < 0.05 (

 ���")6 .(  
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 Y
�36: PD�� +���? �
 7�Z� +����� 
 P[����? S9��W �	����&�I� �	�� ����� �BO �� 	� P[����? Q���� Q��� 

  )# �+E4 Z
�T  
&����  �X� 
9���  9�	&� 

(%) 

9�	&� ����4-��2�;  

  8��E� ���*�

 ()*E\�) 
R Var(r) p.value d Var(d) p.value  
��	� p.value 

10 45/0  07/0  19/0 01/1 56/0 21/0 27/0 -  -  

20 67/0  02/0  00/0 ** 81/1 38/0 01/0 ** 93/0 12/1  28/0  

30 62/0  01/0  00/0 ** 57/1 22/0 00/0 ** 99/0 006/2  05/0  

  �� )# �+E4 c�Q10    �� � '!� 	 �8��E�20    �30 

  ���" 8� 8*"��	 ��) %!� �
�Q �8��E�1 8�
�<	 %O" .(

  9�	&�  &�  )# �+E4 Z
��T K��  c��W�  ���	�Z    
��W !�

  ��  )# �+E4 Z
��T &�  N��-h�4 8; ��� 9�$�  Y
� �  .�Q

)�*	  ���	�  rt 3�  �#
�-
)  ������  ����p > 0.05 .(

  ���" w�!� �� K��hE4)2( )# �+E4 Z
�T �X� 
&���� �

10    )# �+E4 Z
�T � '!� 	 8�2�� 8��E�20    �30   �8��E�

 ���	�  rt 3�  )!���  %O" �%!�  ����  �X�  
&����  �����

  9�	&� &� ��X� 
&���� �
��<	Z    ��� 9�$� Y
� � .�Q 
��W !�

  �#
�-
  ��  )# �+E4  Z
��T  &�  N��-h�4  �X�  
&����  8;

)�*	 ���	� rt 3� ) ������ ����p > 0.05 ���") (7 .(  

  
  

 Y
�37: (�D��� 
� Q����) g"�K� ����� ����� �
 P[����? S9��W ��9���  

 8�
�<	 k��  
 )# �+E4 Z
�T 
&����  �X� 

Z p.value Z p.value 

10  � 8��E�20 8��E�  73/0  45/0  83/0  41/0  

10  � 8��E�30 8��E�  57/0  57/0  63/0  52/0  

20  � 8��E�30 8��E�  28/0  78/0  31/0  76/0  

  

)	 9����$� Y
� � 9��� 8� 9�����!� ���� 8; �4�60    �80 

����d��  �8��Z�����   ����U :�0���U23    ���36   &���� ���	 8���E�

  ���U 9��� GH! K
� �� 8��O� 8��E� ���*� .%!�62   ��96 

)	 8��E�8��E� �����T�U S4�56 �� K
������ .����Q��  ������

)	 :0��U K�� %����
��20   ��35  )	 ���6 8	��� 8��E�  ��;

  ���")8.(  

  

 Y
�38:   Q��� �
 Q���	 ���
 ����� �D�T
 ����� 
 NV��O60%  
80%  �,"d9��� ������ 
 /�b�	� M�
 P[����? Q����  

 R  
 8��E� ���*� :0��U   8��O� 8��E� ���*�  

60 9��� :%  80 9��� :%  60 9��� :%  80 9��� :%  

10  8�2�� 8��E�  45/0  23  36  62  96  

  ��10    �8�2�� 8��E�  .!� 8��E� ���*� ����� �� 9��� )�(�	

%!� 
�Q  :-Q)5( %!� GT�� � %!� ���*d r��� K
� .

9���  �8��E�  ���*�  S
��F�  �� �F�  ���  8*2�H	�  �  8 F�
  S


)	 a
 �� ����� �L;��U��Q.    �)# �+E4 Z
��T �
�! ����

 ��� .%!� 
�Q .!� 8��E� ���*� ����� �� 9��� )�(�	   Y
� �

)	 9�$� 9��� S4�; � )# �+E4 Z
�T S
��F� �� 8; �4�

)	 S4�; 8��E� ���*� ��f� ���	 9�	&�  :-Q) ���
6  ���� .(

  ���" �����E� K
� � $�� c����" 8����)10(   .%!� 
�Q 8�O�

9��� K�� &�S4�56 �� iV�E*	 �
�Q .�!�� ��4 9��� �� ��4

60     �80  �d��  ��Q )	 8 F�� �f� �� �� 8; ��H��E4 .

  ���"9  )	 
�4�$	  c�Q �� )# �+E4 Z
��T ���� ���Q

) '!� 	4/0    �5/0  9��� GH! �� (60   &� ��d��18    ��29  

 .%!� N&V 8��E�  
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 N,65: ����� ����� �
��
 	� Q��� PD�D� )10  (��&
� �����   N,66:  Q��� 
 ����� �BO j��� �
 P[����? S9�W M����

 �k� �	�� Q����  

 

 ���" w�!���)9(  �� K�� )# �+E4 8; )���d �� �

  &� � $�� ��Q�� .; )/�3 ���1 	490    �� �%!� N&V 8��E�

  :0��U  ��Q��  .;  )# �+E4  8;  )���d53    N&V  8��E�

  �
�Q )/�3 � �
�Q )# �+E4 ��� ��H��E4 � ��� �4��3

  �Q��8�Z����  :0��U9  �5   .%!� N&V 8��E�  

  

  

  Y
�39:  PD�� lI�) �k� �	�� Q���� Q��� j����
 P[����? Q���� ���
 ��� ����� ����� NV��O :�	��05 /0(  

 N&V 8��E� ���*� 
r  )# �+E4 c�Q 

80 9��� :% 60 9��� :%  

782 489  1/0  .; )/�3  

193 122 2/0 
 .;  

84 53 3/0 

46 29 4/0 
 '!� 	  

28 18 5/0 

18 12  6/0 
 �
�Q  

13 9 7/0 

9 7 8/0 
 �
�Q )/�3  

6 5 9/0 

Q����C	 N�"��   �,"d9��� ������ 
 /�b�	�  

  ���" 8� 8*"��	 ��1  9��!��� :�/(� �X� 
&���� Y
� � �

  ���")10)	 9�$� ( �4 9��!��� 9�	&� �X� 
&���� 8; �4�

)	 )</� ���� �U �� ������ 8��E� c�Q 8!  9��� �	� .���Q

  ���*� 9�	&�10    �U �� 8�2�� 8��E�29  �d��   a
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