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The present study tries to quantify germination response of Guar (Cyamopsis 

tetragonoloba) to temperature and water potential. Performed in Vali-e-Asr 

University laboratory in 2020, it is a completely randomized design in a 

factorial arrangement with four replications. It aims at quantifying the rate of 

Guar germination in response to temperature, and water potential. The seeds 

have been germinated at seven temperatures (5, 10, 15, 20, 25, 30, and 35°C) 

and six water potentials (0, -0.2, -0.4, -0.6, -0.8, and -1 MPa). The results 

reveal that the Beta function is suitable for describing the response of seed 

germination temperature, and water potential. Under different water 

potentials, base, optimum, and maximum temperatures have been 7.3-12°C, 

22.1-25.8°C, and 32.2-36°C, respectively. The hydrothermal time parameters 

are 268.3 bar °C h, -1.103 MPa and, 8.36°C for ɵHT (hydrothermal time 

constant). The data obtained from these models can be used to establish and 

manage guar for cultivation in different areas. 
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R50=f(T) Rmax                                                                                        

&M��� F
� ��� f(T) �	 �**w- A�^M	 ��	� �� +
 �- [9J � &
�7 ��	� �� �VW �� &� "J� �	� n��-  � ���Rmax 

&���D �-�f "2�J �a���b  F
������ ."J� A�^M	 ��	� �� ���1/Rmax CQ��b &���D �- "2�J  A�^M	 ��	� �� �� ���

�	 $���  +
)�,�*� "2�J ���L- $�H. &� �.���*����	  ����&���D ��� �	 �Z�� Torabi et al., 2013((. 

�H� ���� $��� &���D "2�J G����  � �	� &� ���� ���j. F*�T  +
)�,�
i*0 "2�J � ���
���� ��.�	� F**L-

��*����	 &���D ����  F
� ���
�*� ��	 &J �. �� &�-�� ��$���� �  �Z 
��V(J� �(� � ����	)Piper et al., 1996; Ritchie 

& NeSmith, 1991; Torabi et al., 2013.(  

  

2 .2 . 	0��� ��� ��  
1. f (T)=(T − Tb)/(To − Tb)            if                               Tb < T ≤ To 

2. f (T)=(Tc − T)/(Tc − To)             if                               To < T < Tc 

3. f (T)=0                                      if                               T ≤ Tb or T ≥ Tc 
 �&M��� F
� ��Tb  �&
�7 ��	�TO  �A�^M	 ��	�Tc � �[9J ��	�T  &����� hJ�(	 ��	�) (G
�	�B ���	 ��	�

�	 .�Z��  

  

2 .3 . ���
� ��� �2
��  
1. f (T)=(T −Tb)/(To1 − Tb)                if                      Tb < T < To1 

2. f (T)=(Tc − T)/(Tc −  To2)               if                      To2< T < Tc 

3. f (T)=1                                             if                      T o1 ≤ T ≤ To2 

4. f (T)=0                                             if                      T ≤ Tb or T ≥ Tc 

� ��
F  �&M���Tb �	�� �7
�& TO1 �	�� A�^M	  ���(`-� TO2 �	��   A�^M	���Q�0� Tc �	�� � [9J T �	�� 

 &����� hJ�(	)�	�� �	�B ���	
G	 (� �Z��.  

  

2 .4 .  ������  
1. f (T) =((Tc-T)/(To-Tb)×(T-Tb)/(To-Tb))

((To-Tb)/(TC-TO))     
 if        Tb < T < T 

2. f (T)=0                                                                   if        T ≤ Tb or T ≥ Tc 

� ��
F  �&M���Tb �	�� 7�
�& TO �	��  �A�^M	Tc �	�� � [9JT �	�� �	�) &����� hJ�(	� �	�B ���	
G (

	� �Z��.  

H_-*F �.�(	���7� A�^M	 s�� �� ��	 �.��J �����-� K�� �� �0i��	B �� � SAS�� ."0�� d��W s�� 

A�^M	 ��J �����- ��. �� $������� ��� ��9	
� ,�� 8*��.�(	���7 ��9	
��� $B  s��j� �-
F $��- �.� K�� H_-*F  
��



1412                                      �� �����	
 ��
��� ���� ����� � ���� ����� � ������1401 

	� .��Z w-**� ��9	
� ,��*& ��	� �-� 	 K�/��� �*�� �(#� &�
F �� ���B��  �.�(	���7&� "J� B
��(#� .
F �.�(	���7 ���B��� 

	�� �MX y�J���� L	*�� j� �- 	 �cD � �.�(	���7*!��*F  z��`�� d�L��	j� �- J���*$� 	 |_�	� ��Z.  

 :�
�	� $�	� ��	 $�	�(��E�� ��*����	 ���� &���D ���  �
� &M��� hJ�-&� "J� �	B )Bradford, 2002.(  
1. θT = (T − Tb (g))tg 

2. GRg = 1/tg = (T − Tb (g))/θT 

 �$B �� &�GRg &���D "2�J &���D ��.�c� �� �W�X ��� �� ���  �
��θT �
�	� $�	� "��\ ) &D���(��J ����  ��

&���D �� �W�X ��� &� $�*J� ���� &� �&
�7 ��	� �� �- �� ��.�	� ���9	 ��L
 (���  �
�� ���&� d��W  nHD �LH/-

 ����ZT � h*`	 ��	� �Tb  &D��) &
�7 ��	��(��J �����	 (  ��) &�*#� ��	� �� �- �� ��.�	� �� F
� �� 
�S2 .�Z��

� ��	 F
� i*� ([9J ��	� �- &�*#� ��	�&���D "2�J F*� &M��� [*W�- &� ���Q OSW� ����� � �	 �	� � ���  �Z��

(Gummerson, 1996; Bradford, 2002) .��	 &T��� �.�  �
�	� $�	�&� ��E 90�	*" B	*i� W�- &� ���Q*[  &M���

�F* &���D "2�J ��� �.�	� �� �	� �� �7F*
 �- �	� �� �- �� �� #�*&� 
��� ����  �	�B$  �.���� 0 uJ�7 &x���*i
�+
)�, 

 &� PJ��	gJ- �� �Q ��*C &���D "2�J G.�� "^2 ��� �.�	� ��� �	� �� �- ��� #�*&� � �
��/ S(X�z �.�	� ��� 

� [9J*i  .����� $��-��G.�67 $��� ���� � &� uJ�7F
 gJ�	 n0� � d ����	 �� C �.� �
�	� $�	��  ��	�#���	 


�L� � �(��E� $�	� ��	W�- "#D �*[ � &M���F* &���D "2�J ��� ���(7 �*C AB Z &��� C
� 7*��#�� ����H� 

)Gummerson, 1996.(  
3. θH= (Ψ − Ψb (g))tg 

4. GRg = 1/tg = (Ψ − Ψb (g))/θH 

5. Probit (g) = [Ψ − (θH/tg) − Ψb (50)]/σΨb 

 �� &� �h���� F
�GRg&���D "2�J :  ��.�c� �� �W�X ��� �� ���&���D 
�� �θH ��!J�7�!	) �(��E� $�	� "��\ :

C*���(7 ���9	 ��L
 (��� �� &���D �� �W�X��� &� $�*J� ���� &� &
�7 C*���(7 �� �- �� AB ��.  �
�� ���&� d��W 

���Z nHD �LH/- �Ψh*`	 AB C*���(7 : �σΨb �c� 
��- CX�� (��!J�7�!	) &
�7 AB C*���(7 ��*L	 z��`�� : �Ψb :

�(7&
�7 AB C*�� �	 .��Z��  

�	 "*LHD �� �W�X ��� �&
�7 AB C*���(7 �
��9	 ���	 F
� ��  �� �W�X ��� ���� &
�7 AB C*���(7 �
��9	 .�Z��

&���D ��.�c� �	 
��V(J� ��	�� n
��- �� �$B [*W�- ���� ����	 �a�� �� &� �Z�� �	 d��V(	 �c� 
��- +
 �� 
��  ��Z

)Gummerson, 1986; Bradford, 2002 .(  

��- &� �(��E� �	� $�	� ��	*�� 	 �(��E� $�	� � �
�	� $�	� ��	 �� ��� ��Z�� &� 90�	 ��E*" B	*i� ���� 

�H� ��J� j. $�	� ���(7 � �	� �\�*C B&���D �� A ��� �� hJ�-*���  ��G.�67 $��� 7*��#�� �Z )Bradford, 2002; 

Soltani et al., 2006(.  

�.�	� ��� �7F*
 �- �	� ��� #�*&� �F
 	 �� ��	� $��- Z &��� C
� W�-*[ :��H�  
6. θHT = (Ψ − Ψb (g))(T − Tb)tg 

 �� &�B $tg� � $�	��*����	 ���� J�*$� W�X ��� &�� &���D �� ��� �c� 
��- ��� &���D 
�� �θHT �"��\  �	� $�	�

 �(��E�)J�7�!	� &D�� �� ���(��J ���� ��� ��(� Ψb (g) ���(7 ���9	*C B�7 A
& ���� J�*$� W�X ��� &��  ��

&���D ���� Tb �	�� �7
�& Ψ ���(7*C B� AT �	�� `	*h ��E�z 	 �c�� .�Z��   


��� &���D $�	� d�	 ��. 
��� F
� � "0�� ���Q C*^`- � &
i/- ���	 ��� ��	 F*H_- ���� �.  ��
�	� $�	� ��.

 ."0�� ���Q 
��V(J� ���	 �(��E� �	� $�	� � �(��E� $�	�� &H.
F ��	 �� 
��V(J� �� �. K�� ��i0� SAS  &_��) 1/9(  �

��
& NLIN   &�
��� �. ���Z 
��� s���� )Soltani et al., 2010.(  
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34�� � 5���
 . 


��� ~��
��� &
i/- ���D C*���(7 � �	� &� ��� $��� �. ���
���� ��.�	� ��� �� AB �*\]- ��L	  ���D) ��(Z�� ����1.(  

  
 62�71���!
 E��#��2 �#FG" 62�7  . ���!7 ��3 ��!9 8�	  

w- n���	**�  ����B &D��  &���D $�	� F*!��*	 ���  &���D �W�� ���  

) �	�T(  5  **1763  **3/2092  

) AB C*���(7W(  6  **2/8774  **69/360  

W*T 30  **354  **38/77  

 �MX(E) 126  3  23/0  

d��**w- P
�t (CV) -  61/3  24/4  
** 2 * Ins: �) 4J
 K�"�"8 ���%  LM5 �%1  25 �O�% P 2�� 4J
8 .���%  

  

� ��
F &L,�M	 � ���-��*F &���D �	� ����� ���(7*C AB  ���� K�  $�	�&� $�*J� � 50  �W��&���D �a���b  ��� ��

��� &���D "2�J �Z &�J�`	 ��� .���� &� "J�  $���B�*\]- � �	� C*���(7 &���D "2�J �� AB ���� ��  n���-&�- �� �� 

$���� � �(� 
��V(J� ����	 .�Z  

�(�
i/- 4
��� &
�L	 zS(X� ��D� �!���� ~��� ��� )01/0P<( � ��*- F*�.��H� ���(7*C  AB�	� �� &���D  ������� 

	*!��* $�	� F&���D ��� ��� .�& ��E�^� �G.� ���(7*�i0� AB C
	 G*!��*&���D $�	� F ��� &� �� ����� "J� &(Z�� 

 ���D)2�	� �� .(� 5  &D���(��J ���� G*� 
�-���(7 kMJ �� $�	� F*C 8/0  ��!J�7�!	�	� �� .�Z 
�.��	� 10 

 &D���(��J ���� zS(X� �L	� ���� �* F�� ���(7 ��� kMJ* �� C
�.��	 �.�Z .��� �	� ��� 15  �25 � �* i20  �30 

 &D���(��J ���� G*� 
�-	 F*!��*&���D $�	� F��� &� P*-�- ���(7 ��*C 6/0-  �8/0- J�7�!	� � ��j� 
�-	 F*!��* F

$�	� &���D ��� - ��*�	� �� �.�Z ��H� 20  &D���(��J ���� ���Z 
�.��	 )13/1 (��� �� ��- �� �!���� &
 F"2�J 

&���D ��� � ��
	 �	� F� �Z�� ��	� �� .35  &D���(��J ����  C*���(7 �- AB C*���(7 � �	� G
�i0� "^2 &�4/0 - 

&���D ��!J�7�!	  � �Z 
�.��	 ��c� ���G*� �-&���D $�	� F
  ���08/6  .��� ���  

  
 62�72. �3�<�� ���.+ 2 ����Q �7�% >)��.
�
 �) ?� >�(������!7 ��
	 
 �	8  ���!7 �O�% 
�(���
 2�3�*)� ��!9 (	2�)  

1 - 8/0- 6/0- 4/0- 2/0- �VW  
��(7�AB C* )Mpa(  

�	� )0C(  
  

- 23/7 a 06/6 b 48/5 a 22/4 d d 29/4 5 

&�
��D

 $
�	�

 F
*!

��*
	

 
�

��
 

- 96/3 a 04/3 b 61/2 c 56/2 c 53/2 c 10 

- 08/3 a 74/2 b 61/2 b 61/2 b 40/2 c 15 

- 30/2 a 54/1 b 21/1 c 13/1 c 17/1 c 20 

- 30/3 a 89/2 b 97/1 c 42/1 d 33/1 d 25 

- 08/4 a 17/3 b 02/3 c 39/2 d 88/1 e 30 

- - - 08/6 a 09/4 b 88/3 c 35 

- 6% d 13% c 24% b 26% ab %28 a 5  

&�
��D

 �
W

��
 

�
��

  

- 13% e 21% d 42% c 63% b 78% a 10  
- 8% d 67% c 83% b 100% a 100% a 15  
- 36% c 73% b 100% a 100% a 100% a 20  
- 10% c 42% b 100% a 100% a 100% a 25  
- - 13% d 42% c 73% b 100% a 30  
- -- - 3% c 21% b 49% a 35  

�)�-
 R�Q S# >T��Q ����% %���� �!.5 �3 �% 84J
 ���
� U��� 	� .�4.��� ��% 
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�� �	�� 5  &D���(��J ���� �- ��
&���D �W�� F ��� �� -* �� .�Z 
�.��	 �.�Z ��H����(7 G.�* A�B C

&���D�W�� ��� &� ��E ��L	 ���� � G.�
 �"0�&� ���E &� �� ���(7* C1 - J�7�!	�. ��*�c� �� �i� &���D �	� ��� 10 

 &D���(��J ���� �*�- �� i
&���D �W�� F ��� ��2 �I� ��� - ��* ��Z 
�.��	 �.�Z ��H ��	� ��15 �(��J ����  ��	� ��

 � �.�Z2/0- &���D �W�� ��� 100 �&���D �W� &���D �W�� AB C*���(7 G.�� �� � ���  ."0�
 G.�� ���j. F*�T 

�i0�
 �� �	� G15 &� 20  �25  &D���(��J ���� �i0�
&���D �W�� G ��� ���(7 O�MJ*."Z�� 
��H. &� C &� �`�� � �� &

�	��  20  �25  &D���(��J ���� �*- F*�.��H�  � �.�ZkMJ &J 2/0- �4/0 -  �6/0- kMJ J�7�!	� zS(X� ��

�L	� ����  ��� 
�.��	� &$��� 
��.� �i0�
G�- &� "	��9	 G �X�� � ��
�	� F�. 	� .�Z�� �	� ��� 30  &D��

�(��J ���� �*F ��L	 zS(X� C*���(7 �!
� O�MJ � �.�Z ��H*-  � �Z 
�.��	 ����G*� �-&���D �W�� F
  ��H*- �� ���

 
�.��	 �.�Z�Z .�	� ��� 35  &D���(��J ���� G*� 
�-F &���D �W�� ��� �Z 
�.��	 �.�Z ��� �� &100 �W��  ��

�	�� 30 �(��J ����  &�49 �W�� � ��
�	� F J�*� &���D �  C*���(7 �- ���4/0-  ���D) ��(0� ��V-� ��!J�7�!	2.(  

���D &� &D�- �� )3 �cD (	*!��*F  d�L��	) �MXRMSE&J �� (  �� ��	10/0  �-53/0 *w(	� ��� �  F*!��*	

RMSE (� ��	 &J ���� &�- �� ����	 $���� � ��&� P*-�- 8/31 �4/28  �4/22  �����&� j� �-
F ���9	  F*!��*	

RMSE  ��	 &� ����	 �(�	� �Z��. �t
P -**�F )R
2 ( �� ��	 &J ��43/0  �-96/0 ,� ��� �*w(	� ���9	 F*!��*	 R

2  ��

 ��	�(�  &� "�����	  � �(� ��	 ����	 &�����G*� �- ���. ���- �� &��/�B
F R
2  �j� �-
F F*!��*	 RMSE  ����	 �(� 

� ����
F ��	 ���� W�-*[  ���D) "J� PJ��	3 .(  

  
�7 623 �*7 .
�(���
  ��J)�
��V.W�  )RMSE I(�X#K "��V
 )R2( ��"2% 6�
 ���) �����% I��I�.) 2 �4��
 Y�O!" ��440  Z�V"��

)�
 ���!7 &��5�	��!9 8 ���.+ 2 �
% �)�> ?�. ��X#K 5�9���! )a  2b�X 2 (#(.�V[3 K8 )r�#%��
 �) Z!)�
 ( ����5  �"

���!7 8�	 ��3�-
  2 ��W\�+ 84�) ��W  

��	  AB C*���(7 )MPa(  RMSE R2  a±SE b±SE r  

&�
-��

 
�

�
  

0  19/0  92/0  75/0±21/0  06/0±19/0  82/0  

2/0-  22/0  91/0  16/0±18/0  8/0±11/0  78/0  

4/0-  53/0  73/0  47/0±34/0  18/0±76/0  83/0  

6/0-  27/0  43/0  49/0±20/0  19/0±43/0  63/0  

8/0-  38/0  84/0  33/0±21/0  11/0±11/0  48/0  

1 -  -  -  -  -  -  

$�
��

�
 

��
��	

  

0  31/0  79/0  35/0±19/0  28/0±25/0  82/0  

2/0-  37/0  86/0  28/0±41/0  14/0±18/0  87/0  

4/0-  27/0  53/0  14/0±22/0  57/0±37/0  75/0  

6/0-  10/0  44/0  13/0±19/0  52/0±26/0  56/0  

8/0-  36/0  67/0  46/0±24/0  16/0±12/0  63/0  

1 -  -  -  -  -  -  

�(�  

0  23/0  93/0  89/0±11/0  31/0±8/0  95/0  

2/0-  19/0  96/0  64/0 ±14/0  17/0±12/0  94/0  

4/0-  20/0  88/0  27/0±19/0  64/0±53/0  82/0  

6/0-  33/0  57/0  45/0±23/0  59/0±22/0  88/0  

8/0-  17/0  94/0  16/0±18/0  43/0±12/0  48/0  

  1 -  -  -  -  -  -  
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�- ��
F �t
P !(��H.� )r��	 &� "��� �(� ��	 �� ( �.� &�-�� �� $���� �  .�Z 
�.��	 ����	G.�67 $��� �*$� 

��� &� ������ G*7 ��*� &���D ��� �*
� s�_�X  )Papaver somniferum L.( &�-�� ��	 �� ��	 &� "��� �.�  �(�

$���� � ���� ����	� �-��� ��� )Kamkar et al., 2013,�b �� .(� &�  &� �(� ��	 ��&� $���2 � �� �-�� ��	
F �	�B
G 

���(7 G.�� �� ��Z A�_(��*C �	� �AB� �7
& �i0�
G 
"0� .&� ��E� �	� &�� �7
& )Tb� (���(7 �*C  ��!J�7�!	 �VW

 �� �����31/7  &D���(��J ���� ���(7 �� �	� ����*C 8/0-  &� ��!J�7�!	08/12  &D���(��J ���� �i0�
G 
"0� &�	�� .

w-**d�� �7 AB �	�
& ���(7 ��*C �.�  AB [^(_	49/5  &D���(��J ����  .���j. F*�T � ��
F ���	 �	�� ) A�^M	To �� (

8/25  �-1/22  &D���(��J ���� �	� �� ) �a���bTc �� (36  �-2/32 ���(7 �� &D��*C �.� w(	 [^(_	*�  "2�J .���

�*)�,�
+ �*i )go���(7 �� (*C �.� � AB [^(_	*F 24/43  �-3/136 w(	 "2�J*�  ���D) ���2��	� .(� &� ���(7*C  AB

 &�8/0- 	 G.�� ���J�7�!	� 
���� �	�� �7
&  ��31/7  &�08/12�� A�^M	 �8/24  &�4/22  �� �a���b �36  &�2/32 

 &D���(��J ���� 	 G.��� 
��� ���D) 4.( 

  
62�74. []"�
 �
%) �#�+ �Tb(�
% I� ?!/M
 )To( �
%)� �+ ?!/M
�#
 �
% 2 �"� �
% �^0��Q I(�"_�) ?!/M
 )Tc(  &��5 2

)�1!�!#S )go(��) I� ���!7 8�	 ��!9 	� �%��.5� �)6�
 ��"2% ��3 �������% 2 �.) I >����.+ �% �4��
  Y/.]
 ��3?�  

���
���� ��	� )0C(  ���(7*C AB )MPa(  ��	 }��  
go Tc To Tb 

23/1±17/43 36 25  43/0±31/9 0 

&�
-��

 
�

�
 

53/59±53/47 34 25 73/0±99/11 2/0- 

3±6/71 59/1±87/34 25/0±98/23 27/0±06/10 4/0- 

02/3±5/101 24/0±33 38/1±52/26 36/1±23/11 6/0- 

36/4±4/137 89/0±5/32 68/1±75/24 08/1±18/12 8/0-  

- - - -  1 -  

23/1±17/42 35 25 65/0±37/7 0 

��
��	

 $
���

��
 

98/2±14/49 88/1±34 01/2±2/27 98/0±1/8 2/0- 

33/2±2/83 88/1±32 01/2±27 22/0±6/8 4/0- 

69/1±6/109 74/0±4/32 35/1±9/20 22/0±6/14 6/0- 

8/126±8/140 8/2±32 37/1±8/22 55/0±2/11 8/0- 

- - - -  1 -  

93/0±24/43 36 1±8/24  43/0±31/7 0 

�(�
 

36/2±14/52 36 1±8/25 42/0±08/8 2/0- 

03/4±35/76 36 13/1±6/24  38/0±09/10 4/0- 

56/4±2/96 56/1±1/33 02/1±1/22 63/0±23/11 6/0- 

032/7±3/136 42/1±2/32 65/0±4/22 22/1±08/12 8/0- 

- - - -  1 -  
�.�#` )��(�� 
�(���
± ��Ma ) %�����.5�SE�4.�3 (  

  

��� �	 �� �-�� ��	 A�_(��*$� ��	 �.� �cD �� �
��V(J� ���	 	*!��*F z��`�� d�L��	 ��*L	 ���� &���D $�	� ���� 

�t
P �-**�F �t
P !(��H.�� ��t
P J���*$� ��J� MX� �� M���8 $�	� )"2�J (���D �-& ��� 
�.��	 � 
�Z 

G*7 ��*� �. .�Z 
��V(J� 
�Z �t ��Q
P �-**F ���	 ��	 � 
��V(J�i�� �W�� ��Z�� �- G*� �-�� � w-**d�� "2�J 

&���D ��� ��	 hJ�- D�-*& 	� �Z�.  

G.�67  $����.�	�� �7
& &�*�*� � &�*#� ����� �� &���D ��.�c� ���&� p��^�-�-*P 4�7 �32  �48  &D���(��J ���� 
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 ���B������� )Torabi et al., 2013.( j. F*�T �.�	�� �7
&��� &�*�*� � &�*#� �� p�.��� &� P*-�- 3/3 �2/21  �35 

 &D���(��J ���� �Z ���B��"J� 
 )Ghaderi-Far et al., 2012( .  

�7 ��.�	�
&&�*�*� � &�*#� � &���D ��.�c� ���Z���* )Kochia scoparia L. ( ��&�-�-*P 5/3 �24  �50  &D��

�(��J ����  .����H� &�J�`	w-**d�� �	� ��� �7
& 	� ����- ���� �!,����� -��)*v �. �����J ��� `	 �� �(#�*h �.�  �	� ��

  ��
� �7*
F  �� &� ��Z 
��V(J�&���D ��� 	 ���Q 
��V(J� ���	� �*��� )Jami Al-Ahmadi & Kafi, 2007.( j. F*�T 

&���D &�*�*� � &�*#� �&
�7 ��	� &^*^��Z ��.�c� ��� )Trigonella foenum-graecum L. (&� P*-�- 48/0 �6/21  �

46  &D���(��J ���� G*7 ��*� 
��� ) ���Teimori et al., 2021(. ) ����*Z &	��Q 
�*� ��Alyssum 

homolocarpum &�*�*� ��	� � &�*#� ��	� �&
�7 ��	� (&� P*-�- 96/4  �-37/6 �98/13  �-15 �7/28  �-30  &D��

�(��J ���� G*7 ��*�  "J� 
�Z)Zafaranieh et al., 2020.(  

���� �	� �.� |_�	 �t �
�Z
P R
2 L- �(��E� $�	� $�	� ��	 �� 
��V(J� ��**F �t .�Z
P R

2  �*F 56/0  �-

96/0 w(	*� ���  ���D)4���(7 ��	� �. �� .(*C �7 AB
& )Ψb��� (� &���D ��� �i0� �� ��� d��V(	 �.�c�
G  �� �	�4�7  �-

20  &D���(��J ����� ��9	
� �i0� �� �	� ���� G.�� &� }��Z $B
G  �� �	�20  &D���(��J ����  &�35  &D���(��J ���� 

�i0�
G 
"0�w- &�	�� .**d�� ���(7*C �7 AB
&  �	� ��� 20  �35 &D�� �(��J ����� &� P*-�- �*F 98/2-  �-89/0- 

 ���D) "Z�� $�J�� �- ( ��!J�7�!	3�9	 .(
&� L	 z��`��*�� �7 AB
& )σΨb��� (� �.�	�� �	�B
G  &� ��� $��� 
�Z

&���D ���  ��10  &D���(��J ����  �35  &D���(��J ���� &� P*-�-  ���9	 ��28/0  �24/0 �7�!	 �� ���!J
(X����� �- ��� 

�J &� "���
� &���D � "J� �����X�� �.�	� ���  ��25  �30  &D���(��J ���� &� P*-�-  ��81/0  �73/0  ���!J�7�!	

G*� �-
F ������7�  ���D) ���� ��5.(  

� ��
F ��� &L,�M	�  �.C*���(7 ��9	 �AB
� W�X� ) �	� CQ��b ��Tb � ("��\ �(��E� �	� P
�t )θH (&� "J�  �	B

 ���D)6.(   

  
62�7 5 .�3�.
���+ %�2��)�  6�
8.)!�� ��
	 �
% &-3 �% Y/.]
 ����!7 �0 ��) �� ��!9 �*) 8�	� ���.+�>�3�  ?� Y/.]


O!"�Y 
8�40 

GR (%) R2 θH (MPa h) σΨb ψb(50)(MPa) �	� )0C(  
- - - - - 5 

64/58 56/0 48/92 28/0 78/2- 10 

98/72 67/0 98/126 39/0 23/2- 15 

69/88 91/0 72/188 65/0 98/2- 20 

68/91 96/0 44/263 81/0 68/1- 25 

92/45 90/0 38/89 73/0 18/1- 30 

23 47/0 22/14 24/0 89/0-  35  
Ψb(50) :���.+�> ?� �+#�I :σΨb  R�����>����.+ ���J
 �+ ?�#�IθH &)�< : 3�2�� c#�"I :R2 �X#K "��V
 IGR: 
�(���
 �O�% ���!78�	  

  
62�7 6 . �.
���+ %�2��)8#�
% ��
	 ���.+ \W �%�> ���!7 �0 ?� ��) ��  ��!9 �*) 8�	� �3�
%� O!" Y/.]
�Y 
8 �40  

GR (h−1) GP (%) R2 RMSE θT (°C h) Tb AB C*���(7 )MPa( 

298/0 92 78/0 62/30 13/389 31/7 0 

168/0 88 91/0 62/69 2/692 08/8 2/0- 

093/0 5/83 76/0 36/78 9/987 09/10 4/0- 

049/0 9/65 64/0 13/79 4/1188 23/11 6/0- 

023/0 3/53 52/0 65/141 3/1976 08/12 8/0- 

- - - -  - - 1 -  
:Tb �
%� I�#�+ :θT I8#�
% ��
	 &)�< :R2 �X#K "��V
I GP  2:GR 
�(���
 ���!7 �O�% ���!7 &��5 2 8�	 .8�	  
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G*� �- C*���(7 �� AB C*���(7 G
�i0� �� &
�7 ��	� F
8/0-  ����� ���!J�7�!	08/12  &D���(��J ���� ���  �

j� �-F
 �	�&
�7 �  �����(7*C AB  ���L	 ��VW31/7  &D���(��J ���� �Z &�J�`	. �
�	� $�	� "��\ )θT�� ( °C h 

13/389  ���VW ���J�7�!	� &� °C h 3/1976  ��8/0- ���J�7�!	 �i0�
G 
&(0� ."J� P
�t  R2 �
�	� $�	� "��\

 C*���(7 ��2/0-  �� ���J�7�!	�- ��
F  ��� ���9	 �j� �-
F  AB C*���(7 �� �P
�t F
�1- .�Z 
�.��	 ��!J�7�!	 

�i0� ��
G ���(7*C &���D �W�� �AB &���D "2�J � ���  G.�� ���"0�
.  �(��E� �	� $�	� ��.�(	���7���� θHT �Ψb 

(50) �Tb  &� P*-�- MPa °C h 32/268 �MPa 302/1-  � °C 36/8  ���D) ���7.( 

  
62�7 7 .	� �3�.
���+ %�2��)  8.)!�� �
% ��
	�3�
% �%� ���.+ 2 Y/.]
�> �3� ?�  

θHT  Ψb (50)  Tb  R2 

32/268  302/1 -  36/8  86  
θHT  &)�<8.)!�� �
% ��
	 Ψb (50) ���.+�> �+�# .Tb �#�+ ��
%  eR2 �X#K "��V
 !(��� 8.)!�� �
% ��
	.  

  

G.�67 $���  �(��E� �	� $�	� ���9	 p��^� 
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��� ��� 

)Torabi et al., 2016 � (j. F*�T  �(��E� �	� $�	� ���9	 �i^� 
�*� ��36 )  &D�� ���J�7�!	�(��J ����  ("2�J

G*7 ��*� 
��� ���)Soltani et al., 2006.(  ���� s��i� P*J 
�*� ���9	 ��*	��(��E� �	� $�	�  ��130  )���J�7�!	 

&D�� �(��J ���� "2�J (7*G�*�� ����� )Alvarado & Bradford, 2002( $�	� ���*. ���2 ���9	 ��*7 
�*� �� .

 �� �
�	�48 (MPa h 
0
c) 7*G�*�� 
��� ��� )Rowse & Finch Savage, 2003.( &� ��E��	 �� �^�  �	� $�	� ��.

[*W�- ���� �(��E� � C	��2*)�,�
�� `	 �*M�  � ���9	�*\]- C	��2 F
�  ��&���D LHD ���*"  �c�
��V(J� �	 ��� 

)Bradford, 2002( �� �
�	� $�	����*. ���2 ���9	 &^*^��Z 
�*��� .1/264 )MPa h 0c( G*7 ��*� "J� 
�Z 

)Teimori et al., 2021 �
�	� $�	� ���*. ���2 ���9	 ����*Z &	��Q 
�*� �� .(12/845 )MPa h 
0
c( G*7 ��*� 


���  ���)Zaferanieh et al., 2020.(  

�D��X &D�- ��  &
�7 ��	� �� ���	 F
� ��.36/8  &D���(��J ���� ����� �(��E� �	� $�	� $�i*	 �302/3  ��!J�7�!	

 &D�� "2�J�(��J ���� �	 �� &� �Z$��� 
��.� "��E� &� "	��9	 �	 ���� 
�*� �� F*
�7 ��. .�Z��  

  

4	/��
 .  ����  

&� �(� ��	 &���D "2�J �� �	� �*\]- [*W�- ���� �-�� ��	 $���2  
��V(J� ���
���� ��	� F*H_- ���� $B �� � �Z &(X��Z ���

��	� �&
�7 ��	� $�J�� &�	�� �AB [^(_	 C*���(7 �*\]- "`- .�Z &� �a���b ��	� � A�^M	  �� P*-�-31/7  �-78/12  �8/24 

 �-94/21 �36  �-31 �(��J &D�� &� AB C*���(7 G.�� �� ��(� ��	 �� +
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 G
�i0� �MX ��E

&���D ���� +
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�7 AB C*���(7 G
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� �� 
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5 .
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