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Abstract  
This study aimed to investigate the relationship between the morphometric characteristics of the seeds of different buckwheat (Fagopyrum 

esculentum Möench) lots obtained from different planting dates (29th Aug: 1, 13th Sep: 2, 28th Sep: 3, and 12th Oct: 4) with its seed 

germination quality under different temperature treatments. For each seed lot, four separate experiments with 11 temperature levels 

including 4, 7, 10, 15, 20, 25, 30, 35, 37, 40, and 45 °C were carried out in a completely randomized design with 3 replications in seed 

science and technology laboratory of Agricultural Sciences and Natural Resources of Khuzestan University in 2022. The results of the 
analysis of variance demonstrated that temperature has a significant effect at the level of 1% on the germination rate index. According to 

the model parameters and of course the standard error, the segmented model was chosen as the best model. Based on this, according to the 

superior (segmented) model, the base, optimal, and ceiling temperatures for lot 1 are 4.82, 34.24, and 44.82 degrees Celsius, in lot 2 they 

are 4.18, 33.82, and 46 respectively. 44.0 degrees Celsius, in lot 3 it was estimated at 5, 34.64, and 43.87 degrees Celsius respectively and 

in lot 4 it was estimated at 5, 31.69, and 44.27 degrees Celsius respectively. Identifying the cardinal temperatures can be of great help in 
managing the optimal sowing date of crops. 

Keywords: Buckwheat, Seed morphometric, Cardinal temperature, Segmented model 
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�2�12  

 I(�J� K���) 9���eeN ������ ��/� �����ee&� �

 ��(_) � /eeeN� �� �`���� ��-�"��(_C  �  F"S� K���)

�	 �"`�� *�S� E"�f_-  P"� �  _� O�"eeeL�eeeW� �� �-

g0� �� Z�eWS��#�C E6��9"a4�� ��- ��-�"� /"��� �  ��

 � ��_eeN /���)Jameson and Song, 2016(.  h4�� /"���

 ��eeN�� ��-��� 9"P"� �� �/��� �  F"S� �- � Z�eeWS�

 .��  +�V � */N �� g0�  �6\"4 i��N  .6 ��� *��/��

 ���  9" P"� �/eeeeN��  �� � �� g"a�eeeV� ��$ ��  /� ���

����C ��-/�6��4  F"S� j6��eeN 9S� *�"� ��(_) �  ��

���+� �"`k� I(�J�. *��/�� �� �-��� ���� iJeee&� ��-

P(�J� R�F���    � ��� �& ��6��  �� /��V - ����� �6��l

� ����  _0� K��) 9�� E�_�����C �#0 �"��� /N� �  ��

*�"�eeN�� �m /(Shahi et al. 2015). ��� *��/�� �""n� 9() 

� '�o �� E"�  �/� ��� K" � �� Z�a ���  ���6��p��     ���

 �� /N � Z�M���� ��� *�"�� /N ��. �""n� � *��/�� ��� 

 �/���� *�"� /eN� ����  6��p �6��l Z�a��� � X�/!� �m \"�

*/6  �N)Ambika et al., 2014(.  �� 9�� */N */-�&�

 ��-���9eeeN� ����C*�"� /eeeN� , �� q�a� � ,�m��  ��

 
6�\4� � �� �]"��  �*�"� /������m� ��o ��- ����� 

�� ) /��� /"���Chacon et al., 1998 .( �����_- � �����

)Moosavi et al., 2022 �����4��� �e�/e�� ��eeee&� (

 ��-���.m�� ����C �� � ��eeeN� 
a� .m�����  ��

 �� ���ee&"� �"`k� ��� ��ee��@ r�� �� �eeV6�a� � ��� *��/��

����C ��-��"��� �	  ��. ?��\�  ��-��� �� 9�� */N

*�"� r�� ��E"6�@  �6����� 96�/- �� �� �eeeV6�a� � ���

/��eeeN� EeeeN�� r�� �� ��-��� ����C K"eeeV���@ �� ��  ��

��s�� � �	9eeeN�  +�eeeV#_- �- (Mavi, 2010).  *��/��

 � ����� ��  F"S� K���) �� ���"V� �� /���� ����C�  �� 

*�"� h4�� ���a�eee��)�\� � �m � �"`k� ������ K��!� ,/

/N�� ��N� )Steiner et al., 2019(.  

���� ��  W��N ���/�� g"(o� �*��  (W4 ��-  �� �

 ,.6�����4 � .6����6\"4 ��-/�6��4 E""!� � K"� E"_-

 ���� /� �������C � �-��� ,�)�\� � .9eeee�� K"�  ��

 � ����C  6�-�� �/!� ���a�eee�� � /eeeeN� ���� �� /��

*�"��m �-�� .9ee�� /)�eeV�6 t�P��  �� ����C �	 � ��  

 � ,/� 4��� ��C ��\"� ��  /� 6��4 K" _�� ���� '�s ��� � �

�ee���C���ee� 9ee"!_C .ee6 ���  ��  � E""!� ��/ee�� 

)Ordoñez-Salanueva et al., 2015(.  ��  �� ����C :��@

 �� � �� iJeee&�  �� ����C u�� h6�$ �� ����  � �� ��

 �� ���*G6�  � I6�!� �����	 �6�N : �6�@ O���M �C�

)Tb (E"6�@ � ���	 �� �� ����C  �� _� t�P��,/�4�  ���

b�(F� (To)  � ��9ee�� �v��/M  �� ����C ��\"� �	  �

Iaeee� ��e� (Tc) �e� �e���C �	 �� ��s�e� Io���  ��

 ��N )Sampayo-Maldonado et al., 2019(. �E6����� 

����C �� 9eee�� Teeew�� �@*/�� �  �� E�_� �-���  ���

  ���� �� /"��� ���� .6 �� � �+6 Z��  ��  ���  �� 9� �

) /eeeeN��  O��P�� ��" eeeV� �+6Li et al.,2017.(  ��-��

 _� ���� �/"P� ��-��\��  ����M ���� � Z��6��� ����

 /���� *�"�  (���� ��-/�6��4 ��  6��- � b	 O��""n� �"`k�

/��eeeV- ���  �� ����C. ����C 
���� x� � �� ��  ��

 96�6/� ���� cee���� �#-�� .6 Z��6��� ��-�� E""!�

� 9N�� /"���  �  )��� ��-�"�/N�� _- �� ���� K"� E"

����C E"� �F��� R�N %���� �� �� �  �� � �"y�  �6����"�

��� ��/� ,�� *�P�eee�� ,*/eeeN RYeeeL� ���� � ��� ,/����

 ��� )Siadat et al., 2021(.  

"eee� '/��*� (Fagopyrum esculentum Möench) 

.6 9e��  -�"�9P- *����� �� h(!�� ���e�  ��� ,��6/��

9������,�"�	E0@ ,�&6� ���� ,(K�N  #(o) z�� ��-

  SF��o��  � �� �� 9� � \��o �� K6�� r�� �� g{�o ��-

 ��y����� � ��� �� *�P�� � �	  � 9&�.�N  *�"�  '/��

� � ��$/_)*  � �eeN  � 9ee&�  o�eeN ��@��� � �"ee�	 �

 ���Vo�\o � E6����� ,�"��� ,E"m �	  (L� ���/��� /"���

��4�6 
6�\4� ��eeeN�� �-  $ �	  ��0C /"��� ./��eeeV- � 

�	 ��\"�  ��8/3  Z�eeee� � E��+ �2017 9eeee�� */" eee�� 



����  � H�#�����" �-���� � '/��*�"...  �6�&� '�() � �����4 ��� ���6� / /(C 13/ *��_N 2/  ���V���1403 

49 

(FAOSTAT, 2019; Small, 2017).  OYp q\C *�"� E6�

 (�o/�4) �-��� ��� ,9eeV"�K"� ��  q\C ���ee&� ����� �#eeN

�a#$ OYp � �/�� �� */N �����N OYp DY��� ./��N

"� �#_�eeV ��"�	 /"ee�� c"��� �y� �� *�"ee� '/�� ,/��� E"

 
6�\4� .9eeee��  ��)  E"|���@ 9" P"� ���� ,����eeew

�oY)�/� � �� *�" �  �G6� U�eeee�� �� *�" eee� '/� � ��-

�ee6�een��  �ee(_ C  �� �	 ����\"  �s�ee�@ �C � ,E" | � ��

�"eeN�M h$��� � /eeN�  6����� ,�-/"{���Y4 cee���� � ��

."�����  ��ee� Z�eeWS� .6 ����) �� 9ee&� ���� ��� 

9�� ( �6������ �6  �6����"�) )Tang et al., 2016(.  

�6 �n � ��6 �\� ��  %C�� �m ��� 9" _-� �  6��� ,��

 �� � �� �C� ��6 � O�/� �eeeV� *�" eee� '/� ���  %C�� 

 �G6� U��eee� �  ��/� m O�) Y$� �	  eee&6�� ��-

9V"� )Small, 2017; Zhu, 2016( �� '�#� ��"� ,�� E6� �� .

9ee��"ee� �!ee��� �� ����� *�0� ����  _() � cee���� ��-

 � g"(o� �""n� ��  '��a � �  6��p  ?�����  Z�eeeWS� E6�

 � U�eeVM� ��/6�@  6��p 9"��� ���ee���) �eeNBabu et 

al.,2018 �� *�"� �/N � ��-��"� 9���N  c#�  E"_- �� .(

  6�ee���eeN �(_Ccee���� ��-�� 9eeN��  �� *�P�ee�� \"� �

*������ I(�J� ��- 9"P"� �� O��P��  � ��  �6 /����

*����- 96�6/� �  j6��N � *�"� E6� ��� � 9&� �!���

  6��- � b	I(�J� ./N�� 

L� � ���2��  

 �� 
-�G@ E6� � */eeeN *�P�eee�� *�"eee� '/�� ��-���

 Z��  � ���0� *�+& ��  ��a"aS� �)�\�1399  ./�/N  �"0�

 ��  h(!�� �-��� E6� *�" eee� '/��  6��6��	 }"���� /" ���

 9��NGenesis seed  � '����� 9��N  j� �� �� /���

9eee&0#6�� �  Z�eee� *��1395  � /��� */eeeN ���6� ���

 Z��  �� �F#��� ���/�& �� � ���C 
-�G@ ��-��� �"0�

 9eeeeN��  /6/]� �	  ��a"aS� �)�\� � ���0� *�+eee&��

 � ./�/eeN �eew�M h"aS� '�]�� 90C ��-��� ����!��F� 

 [~� � �"0� ���0� *�+&�� ���  *�+&��  ��a"aS� �)�\�

  )��� Z�e� � ���e����  !"#$ %���� � �����e&�1400 

 
6���	 ���� �� � /"���cee���� ��� � ) ���#��5  �C�

(U�"V (�  ���/0+��/N./ *�� O�W J& � I(�J� ��-

 Z�/C � \"� *�"eee� '/�� ����1 .9eee�� */eeeN �{���  E6�

*��KL�M �- :6��� � 9&� ��-) O��P��7 :��6�0N1 ,

22 :��6�0eeeN2 ,6 :*�ee��0�3  �21 :*�ee��0�4 ( �ee)�\� �

 '�() *�+& �� �����& � */�& ��  ��a"aS� � �����& �

./��� �������  !"#$ %����  

 Z�/C1-  �G6�*�� ��-
6���	 E6� � *�P��� ��� ���� I(�J� ��-  
Table 1- Characters of different seed lots of buckwheat used in this experiment 

  ���� *��1  

Seed lot 1 

 ���� *��2  

Seed lot 2 

 ���� *��3  

Seed lot 3 

 ���� *��4  

Seed lot 4 

��� r�� 

Seed color 

*�0oEN�� ��  

Light brown 

*�0o*�"� ��  

Dark brown 

*�"� 

Dark 

*�0o��  

Brown 

 ���1000 ��� ('��)  

1000 seeds weight (g) 
30.16 30.99 33.80 33.5 

 ("�) ��� 9M�V���� %���(  

Seed area (mm2) 
18.54 20.30 22.73 21.62 

 ("�) ��� Z�$(���  

Seed length (mm) 
6.59 6.87 7.27 6.96 

 ("�) ��� �Fo(���  

Diameter  (mm) 
6.13 6.20 6.26 5.98 

/"��� KS� 
Production place 

Ahwaz Ahwaz Ahwaz Ahwaz 

���� /"���  
Production date 

29th Aug, 2021 13th Sep, 2021 28th Sep, 2021 12th Oct, t2021 
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 K�N1- *��/�� �G6� ��"�'�� �� *�P��� �� *�"� '/�� *�"� ��� .6����4��� ��-�\6��  ]6 ��\4�  
Figure1- Measuring the morphometric characteristics of buckwheat seeds using Digimizer software 

  

*��/�� ���� O�PL  ��"� ,9M�V �) ��� .6����4���

(�Fo � Z�$ '�� �� *�P�eee�� �� ]6 ��\4�,�\6��  �/!�200 

 b�J���  4�W� ��$ �� ���/N.  ?��_N  �� ��� ��\- ���

8  �����100 *��/�� ����) /eeeN ��"�Childiyal et al., 

2009(  _� ��y�� ������C Z��6��� ��-�� ���eee� �� 

*��I(�J� ��-  ����� �� ��  &6���	 ,*�"� '/�� ���25 

 � ����11  K��N  6�� TF�4 ,7 ,10 ,15 ,20 ,25 ,30 

 ,35  ,37 , 40  �45 �C� U�"eV(e� ./eN '�]�� ����	 �-

 j6��eeeN �16  �  6��eeeN�� 9)�eee�8  9)�eee� �6��� 

�����"��� ��  9��`  ���� *��8  
"@ ^6��� U�eee�� ��) ���

�� ��C , eee&6�� �	(94 �" � 
6�\4� O/�  E6� �� 
"�  �� 

./�/eeN q��C�  �/!�  ee&6���	 *�� �- ����25  �� ��� /)

 K�� D������@ ) ��� ��2  E_���  4�eeeeL �p�� �6s

����C ��eeV� ����) �� .6 *��_eeN �- �� � 94�6 Z�a��� (  ��

���@ �� �� *��/10  ("� �� ���$ ��) b	 ��"�50  /eeeL�

 ?��_eeeN ./eeeN �4�eeew� (/��� b	 �� ���� �-��� TFeee�

����C ��-��� *����� � ������ � /N '�]�� iJ&� ��-

����C ��"!��& 6� ����  �� *��/�� �� �m2  ("� �y� � ���

 /eeeeN �ee�4��)Hashemi et al., 2020( .�ee� E""!� ��ee-

Z/� �� *�P�eee�� �� (Iaeee� � b�(F� ,�6�@) Z��6��� ��-

����C 9)��  E"�  ��"� ��� �� �/"� � ���� '�s  ��50 

����C ���� jee���� U��!�) /eeL� ./eeN �#ee��S� ( ��

����C 9)�� ?���� 90C Z�/C h#$  ��2  Z/� ��0m ��

 ���4  ��� ,*������@5 � � /���� ��/� ,*������@��� *�P��� ��

) /6��Siadat et al, 2021.(  

 Z�/C2- Z/�Z��6��� ��-�� E""!� ���� *�P��� ��� ��-  
Table 2-  Models used to determine cardinal temperatures 

Z/�  
Models 

���!�  
Equation 

%#��  
Reference  

��� ���  
Segmented 

if   �� < TMP < ��      ���� = �� − ���/��� − ��� 

���� = 1 − � ���
�����   if      �� ≤ TMP < ��  

���� = 0  if      TMP ≤ ��  or   TMP ≥ �� 

(Mwale et al., 1994)  

 ����4 *������@ 

Beta 4 parameter  
���� = ����� − ���

��� − ��� � ���� − ����
��� − ��� �

���������������

 

cand TMP < T 
b if   TMP > T 

cor TMP ≥ T bf(T)=0 if TMP ≤ T  

(Yin et al., 1995)  

 ����5 *������@  
Beta 5 parameter  

���� = ���� − ����
��� − ��� � ���� − ���

��� − ��� �������������� �
 

cor TMP ≥ T bf(T)=0 if TMP ≤ T  

(Yan and Hunt, 1999) 

/���� ��/�  
Dent-like  

if    �� < TMP ≤ ���      ���� = ���� − �� �/���� − ���  ���� = ��� − ����/��� − ����   if    ��� < TMP < �� ���� = 1    if      ��� ≤ TMP≤ ���  ���� = 0 if      TMP ≤ ��  or  TMP ≥ ��  

(Piper et al., 1996)  

 Ia� ���Tc :celling temperature          j"S� ���             seed surrounding temperature: TMP�6�@ ���  Tb :Base temperature  
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) E""#� c6�eew �� Z/� E""!� ����2R ."{��	 i��eeN ,(

) */eeeeN T"SeeeW�AICc O�!��� E"+��"� ��C ��F� � (

)RMSE./N *�P��� (  

�"M�� NO� �  
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 ���� U�"eeeV(eee�100 ����C /eeeL� � E6� � /���  ��

 ��-�� � �� ��  ��M4  �45  ���� �"- U�"V(� �C�

�� ��CK� eeeN) /6 �+� */- �eeee&�  ��2.(  '/)  �C� ��

����C*��  ��_�  �� ��-�� � ���� ��-4  �45  �C�
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 K�N2- ����C /L�*��  !_]�  �� 6�� I(�J� ��-��_"� � ���� ����� � *�"� '/�� I(�J� ��-  
Figure 2- Cumulative germination of buckwheat seed lots against time at different temperatures 
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 K�N2- ����  Figure 2- Continued   
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 � �y� �� ./eeN�� ���� �  �"������  6	��� 
-�� /ee��
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����C 9"(��o � � ��eeeN� ��  ��a$��� � �� �	 ���� ��  

 �  6�� 96�/S� ����.�_� 9&� ,/�N��  

 �� 9eee�� �	 �+��"� [��6��� �6\]� �� KeeeL�M ^6���
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*�� �C� �"`�� 9S� /eeeL� .6 TFeee� � ���� ��-
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 � %o�� � ./6�+� i��eeeeN �� �� ��" � ��$ E6� ����

����C 9)������C /L� �� �V6�a� �  �� 9"��VM  ��

 Z�WM ���� c���� *�/S� � ��N�  6�� ��_"� ��  6s��

����C 9)�� i��N �v��/M ��� ��  ��30  ��35  �C�

����C /eL� ��� .�� U�"eV(e� �� ���_� 9"e��eVM  ��

 ��� �� �� ���$ �� ��eN� I(�J� ��-��7  ��35  �C�

 /eeeL� 9PeeeL ���� ceee����  6�� *�]�@ U�"eeeV(eee�

����C �� �6  6�� *�/S� E6� �� �/eeeN ���� �� .��  ��

 *�/S� �� ��s�� � E"6�@ ��-�� � �+6  ���#)30-35 

����C 9)�eee� U�"eeeV(eee� �C� �� .�� �/"@ 
-��  ��

����C 9)�� ��  �"_-� K"�*�"� ���a�� � �  �� �� �m

����C Z��6��� ��-�� E""!� ���� .�� ����� �-���  ��

 *��Peee�� /� ���   ��- �" � ��� �! ��F � ��  E"aaS� �6�eeee�

)Hashemi et al., 2022) ���"� � (Mamedi et al., 2021 (

./��� ��4�6 9� �!��F� E6� �� ���&�  ]6��� ��  

����C 9)�e� 
���� ���e�  _� ���� �� 9#eV�  ��

Z/� �� ������ ��- *������@ ��0m ���� ,/���� ��/� ,��

 �� �y� ��� ��-��"!� ./6�� *�P�eee�� *������@ ^�@ ���� �

����C 9)�ee� I"eeL�� ���� ���� Z/� b�J��� ��y��  ��

*�� Z�/C � �� �� 9#V� *�"� '/�� *�"� I(�J� ��-5 

*/N ?��\�) E""#� c6�w ���� Z/� E6��0� ./��2R ,s�� (

) q�F� O�!��� E"+��"� �&6�RMSE ."{��	 i��N � (

 Z�/C �� �C�� �� .�� ����m�� */eeN T"SeeW�4 Z/� ,
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��� �Z/� �6�ee� �� 9#eeV� ��*�� � �- ���� ��-1 ,2  ,

3 � 4  q�F� O�!��� E"+��"� �&6� ,s�� E""#� c6�w ����

E"6�@  */eeeeN T"SeeeW� ."{��	 i��eeeeN � �� �� ���

��eee&�����C E"_J� � Z/� E6� ����� */�- ��-���  ��

*�� E6� ��-��"!� �� �C�� �� 9eee�� ��l �� '�s .9eee��-

 9)�eee� E"_J� E6��0� *������@ ^�@ ���� Z/� */eeeN ��l

����C����  ��  ���� *�� ��4  E6�  ���� ��6� ��� 9N�

 � R�F� �6�@ ��� � Z/� �	 ��/���e�� ��F� �� /eN��

Z/�  6��� � E6������ .9eee�� �6�@ ��� �� 
"� ��F� �-

 �"� ���o �C�� ���  �V6�� \"� Z/� ��-������@ ��/�����

)Zare et al., 2021 � ceeee��� � Z/�  b�J ��� 9" _-� .(

 _� ���eee�����C 
���� j6��eeeN �� 9#eeeV� ����  ��  

 ee� Z�ee�ee6��ee� ��ee-�ee� Eee"ee"ee!ee� �  ee6�ee� /eeeeeN�ee�  

)Habibzadeh Zarandi et al., 2017.(  

 Z�/C3- i��N [��6��� �6\]� 9)�� ����C���� *�� ��0m  �� *�"� '/�� �� �"`�� 9S�  
Table 3- Analysis of variance buckwheat germination rate index of four seed lots influenced by temperature  

 

O�!��� E"+��"� 
Mean square 
����C 9)�� i��N ��  

Germination rate index 

O��""n� %#�� 

S.O.V. 

���	 �C� 

Df 

 ���� *��1  

Seed lot 1 

 ���� *��2  

Seed lot 2 

 ���� *��3  

Seed lot 3 

 ���� *��4  

Seed lot 4 
��_"� 

Treatment 
10 0.614** 0.582** 0.805** 0.552** 

 &6���	 ��F� 
Error 

22 0.0004 0.0006 0.0002 0.0007 

(/L�) O��""n� c6�w 

%CV 
 3.91 4.74 2.62 5.12 

 �!� ** TF� � ���1 /L�    .**Significantly at 1% probability level  

  

 Z�/C4- E"+��"� �V6�a� i��N 9)�� ����C���� *�� ��0m  �� *�"� '/�� �� �"`�� 9S�  
Table 4- Mean comparison of buckwheat germination rate index of four seed lot influenced by temperature  

 ����C 9)�� i��N ��  

Germination rate  index (h-1) 

(U�"V(� �C�) �� 
Temperature 0C 

 ���� *��1  

Seed lot 1 
 ���� *��2  

Seed lot 2 
 ���� *��3  

Seed lot 3 

 ���� *��4  

Seed lot 4 
4 0j 0j 0i 0j 

7 0.24f 0.23f 0.23h 0.25f 

10 0.27f 0.25f 0.27j 0.26f 

15 0.40e 0.40e 0.45e 0.35e 

20 0.63d 0.69d 0.74d 0.70d 

25 0.81c 0.83c 0.91c 0.83c 

30 1.23a 1.16a 1.34a 1.14a 

35 1.22a 1.14a 1.35a 1.14a 

37 0.95b 0.97b 1.22b 0.91b 

40 0.26f 0.21f 0.31f 0.28f 

45 0j 0j 0i 0j 

 �!� DY��� ��/� ���&� D��M TF� � ���1 E��� ����	 �� *�P��� �� /L� 

Similar letters are not significantly different (α≤0.01) based on Duncan test.  
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 Z�/C5- i��N ��-?���� Z/�����C I(�J� ��-*�"� '/�� ���  ��  
Table 5- Models fit indices derived from seed germination of buckwheat 

���� *�� ��� 

Seed lot type 

%��� 

Function 

E""#� c6�w 

R2 

q�F� O�!��� E"+��"� �&6� 

RMSE 

*/N T"SW� ."{��	 i��N 

AAIC 

 ���� *��1  

Seed lot 1 

������  

Segmented 
0.95 0.014 - 95.85 

/���� ��/� 

Dent-like 
0.95 0.014 -84.85 

*������@ ��0m ��� Z/� 

Beta 4 parameters 
0.89 0.022 -88.53 

*������@ ^�@ ��� Z/� 

Beta 5 parameters 
0.83 0.02 -79.51 

 ���� *��2  

Seed lot 2 

������  

Segmented 
0.96 0.01 -102.0947 

/���� ��/� 

Dent-like 
0.96 0.01 -91.09 

*������@ ��0m ��� Z/� 

Beta 4 parameters 
0.89 0.02 -90.54 

*������@ ^�@ ��� Z/� 
Beta 5 parameters 

0.89 0.01 -81.88 

 ���� *��3  

Seed lot 3 

������  
Segmented 

0.85 0.04 -73.8374 

/���� ��/� 
Dent-like 

0.85 0.04 -62.83 

*������@ ��0m ��� Z/� 

Beta 4 parameters 
0.74 0.052 -68.89 

*������@ ^�@ ��� Z/� 

Beta 5 parameters 
0.85 0.037 -65.57 

 ���� *��4  

Seed lot 4 

������  

Segmented 
0.83 0.037 -76.6631 

/���� ��/� 

Dent-like 
0.83 0.037 -65.66 

*������@ ��0m ��� Z/� 

Beta 4 parameters 
0.72 0.045 -72.18 

*������@ ^�@ ��� Z/� 

Beta 5 parameters 
0.84 0.033 -68.78 

  

 Z�/C �6  Z�� 6���  ��- �� */eeeeN ��	�� �6�a�

����C*��  �� ��_� ���� *�"ee� '/�� I(�J� ��- Z/� �-

Z/� �� .6 �- E"_J� 9"(��o �eeV6�a� 90C */eeN �{��� �-

 ���� Z/�  E6��0� /6 �� ��" � ��  ��F��_ - �� #�� ,9eeee��

*��  ��_����� Z/� �-K�N � ./�	 9�/� �� 1  �F���

 9)�ee�����C*�� �  �� �� *�"ee� '/�� ���� I(�J� ��-

Z/� �� *�P�ee�� ��� .9ee�� */eeN *� ��ee&� I(�J� ��-

����) ���� Z/� �� �C�� �� Ia� � b�(F� ,�6�@ ���� (��

 *��1  c"��� ��82/4  ,24/34  �82/44  ,U�"eeV(ee� �C�

 *�� �2  c"��� ��18/4 ,82/33  �46/44  ,U�"V(� �C�

�� � *3  c"��� ��5 ,64/34  �87/43  � U�"eeV(ee� �C�

 *�� �4  c"��� ��5 ,69/31  �27/44  U�"eeeV(eee� �C�

 Z�/eeC)6 ��eeee��ee� � /ee��/ee_eeM� ./ee6�ee� ��	�ee� (

)Ahmadvand and Moosavi, 2022 �� /��� ?��\� (

����C 9)�eee� �� �� 
6�\4� �� *�"eee� '/��  ��4  �C�

 ��!eeL �/���  F� ��$ �� U�"eeV(ee� �� [@ � ��eeN�
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 ��� �� ��#)35  � 
-�� U�"eeV(ee� �C� E6������ ./��6

 � �y� ������C 9)�eee� E6��eee&"� /eee�� � *�"� E6�  ��

  6�� *�/S�30  ��35 �C�  �� �C�� �� ./N �� U�"V (�

����C /L �) K���  ��100   6�� *�/S� � (/L �7 

 ��37 �C�  � �y� �� U�"eV(e��eVS� �`� /e�� �� �� U

����C 9)�� �� 
6�\4� �� ��6� /N �� *�"�  '/�� ����  ��

 g-��4 *�"� E6� '�+�-�� ���a�eee�� ����  #eee���� j6��eeeN

 �9"a4�� Z�_�M� 
6�\4� �� .��  ,���� /N� � ���a���

*�"� � *�"ee� '/�� �mI() K�ee&� �� �C��� � /���� ��-

*�ee"� .ee6 ����) �ee� � *�� Kee_) ��0� ��- �eeP� */ee���

I() */�	 9eee�/� ^6��� �� �C�� �� .�eeeN �-�� ��- ��-

*�� �� /6�� iJeee&� *�"eee� '/�� ���� I(�J� ��-

����C �� ��o �� ,/��V- �� ��  !"�� ��#V� *�/S� �  ��

 ��� � ��  ���$40  E"� U�"eeeV(eee� �C�45  ��64 

����C /L� �s�� K_S� ��  ��M �� /6�� */-�&�  ��

C���� � I(�J� ��-�� �� �	  �� ./N��  

 Z�/C6- Z/� ��-������@����C 9)�� I(�J� ��-*�"� '/�� ���  ��  
Table 6- Parameters derived from application of different models on seed germination of buckwheat 

%��� 
Function 

 *�� �������  

Seed lot 
type 

�6�@ ��� 

 �C�)

(U�"V(� 

Tb  (℃) 

b�(F� ��� 

 �C�)

(U�"V(� 

To (℃) 

 b�(F� ���

 �C�)  ���S�

(U�"V(� 

To1 (℃) 

 b�(F� ���

 �C�)  ��o�4

(U�"V(� 

To2 (℃) 

 Ia� ���

 �C�)

(U�"V(� 

Tc (℃) 

 c6�w

 ��"���� 
Fo 

9��` c6�w 
a 

������  
Segmented 

 ���� *��1  

Seed lot 1 
4.82 (1.61) 34.24 (0.85) _ _ 

44.82 
(0.86) 

15.44 
(0.95) 

_ 

 ���� *��2  

Seed lot 2 
4.18 (1.35) 33.82 (0.69) _ _ 

44.46 

(0.66) 

16.43 

(0.80) 
_ 

 ���� *��3  

Seed lot 3 
5 (3.25) 34.64 (1.53) _ _ 

43.87 

(1.34) 

11.47 

(1.47) 
_ 

 ���� *��4  

Seed lot 4 
5 (2.97) 31.69 (2.17) _ _ 

44.27 
(1.59) 

13.20 
(1.56) 

_ 

/���� ��/� 
Dent-like 

 ���� *��1  

Seed lot 1 
4.82 (1.74) _ 32.45 (5.55) 34.88 (8.96) 

44.82 

(0.93) 

16.44 

(4.91) 
_ 

 ���� *��2  

Seed lot 2 
4.18 (6) _ 32.39 (5.5) 34.34 (4.1) 

44.46 

(5.6) 

17.26 

(6.7) 
_ 

 ���� *��3  

Seed lot 3 
5 (3.52) _ 33.71 (4.89) 34.93 (2.14) 

43.87 
(1.49) 

11.84 
(6.52) 

_ 

 ���� *��4  

Seed lot 4 
5 (6.5) _ 30.02 (7.3) 32.48 (8) 

44.27 

(3.5) 

14.08 

(9.1) 
_ 

 ��0m ��� Z/�

*������@ 
Beta 4 

parameters 

 ���� *��1  

Seed lot 1 
4 (8.13) 31.95 (1.40) _ _ 

44.72 

(0.74) 

17.65 

(1.34) 
_ 

 ���� *��2  

Seed lot 2 
4 (6.63) 30.84 (1.42) _ _ 

44.59 

(0.77) 

19.21 

(1.43) 
_ 

 ���� *��3  

Seed lot 3 
4 (15.74) 32.10 (2.45) _ _ 

44.29 

(1.16) 

13.12 

(1.82) 
_ 

 ���� *��4  

Seed lot 4 
5 (12.45) 30.95 (2.61) _ _ 

44.17 

(1.32) 
16 (2.31) _ 

 ^�@ ��� Z/�

*������@ 
Beta 5 

parameters 

 ���� *��1  

Seed lot 1 
4 (21.69) 31.73 (1.77) _ _ 44 (9.59) 

16.47 

(1.67) 

2.85 

(5.30) 

 ���� *��2  

Seed lot 2 
4 (5.76) 30.74 (1.72) _ _ 44 (8.64) 

17.99 

(1.75) 

2.50 

(3.74) 

 ���� *��3  

Seed lot 3 
4 (17.16) 31.95 (1.18) _ _ 44 (12.77) 

9.89 

(1.50) 

6.59 

(29.61) 

 ���� *��4  

Seed lot 4 
4 (15.17) 30.78 (1.32) _ _ 44 (12.35) 

11.97 
(1.79) 

5.86 
(22.16) 

*/�- ��&� \����@ K�� �/)� � ��/����� ��F� �./�N��  
Numbers in parentheses are standard errors. 
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Z/� E"� � �� 9ee�� �	 �+��"�  ee���� E6� ^6��� ��-

����C  w �6����� Z/� , ������C ?���� E6��0� ��  ��

  (� ��$ �� � Z/� E6� h#$ .� ��ee&� �� *�"ee� '/�� ����

����C Ia� � ��"0� ,�6�@ ���*��  �� '/�� I(�J� ��-

 c"��� �� *�"ee�5/0± 5/4  b�(F� ��� ,U�"eeV(ee� �C�

2± 33  Ia� ��� �1± 44  E"�f_- ./N �#��S� iJ&�

9eeeN� �-��� �m �- �� /eeeN ���� '�s ���� ,/�eeeN�� ��

9eee�� ��_� ��"0� ��� � ���  �� ����C K"_��.  %o�� �

��� *�� � 9eeeN� ��-3  �4 ��� �� 9#eeeV� ��\6� ��-

 *��)1  �2K"� �� ,(Fo E"6�@,�� ����C%6�eee�  �� �� ���

����C ./�� ��ee&� ��9eeN� ��-��� %6�ee�  �� � ��

 ��-���  6����� K"� �� Xs�_�M� ��\6� ��-��� �� �eeeV6�a�

 90 C � ��s��   6��p  ��� � ����� E"�k�  � 9eeeeN�

����C 9"4��
"@ Z�M E6� �� ./eeeN�� ��eee&"�  ��Z/�  �"� 

\6� ��-��� �� �� E6� ��  ��M �eeeeV6�a� �  ��-��� ��

9eeeN�  �s�� 9"(��o �� �C�� ./��eeeN� ���_� �6�@ ���

����C � *�"� '/�� ���  �� �	 9&� 9"a4�� ��y��� ����

g"(o� � E6� /"6�� ���� �m��� 9N� ��y��� �� O��P�� ��-

 KM��� � �	 �/eeN� O�"eeL�eeW� �6�ee� /6�� ,��eew��

 I(�J� j6��N � \"�  &6�� �  &6��  ���� ���  6��

.�"� ���o  

���T��U�  

 *�+eee&�� ����_- �� �("eee���6/� %���� � �����eee&�

  !"#$ ��ee�eee����  ���/eeo 
-�G@ E6� ���C� 9ee0C

 ���.  
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