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Ä»|¬»��

dÌ ¼m��ËY�§Y �Ä �Âe�µZu��{�ÉZÅ�Â�¯��{
Ê»�ÓZ]�½Á�§Y��Á���Â��Ä]�Y��¾ÌXeÁ�a�Ä]��ZÌ¿{�]����{

�dÆm�Ê¸yY{�ÊÀÌXeÁ�a��]ZÀ»�{Â^¼¯� �Ì¿� Z»� �Â�¯
�{� Ã{Z¨f�Y���Z°�M� ½Z´¼Å� �]� ¹Y{� Á� ½Z�¿Y� ÄË~¤e

�{YÂ»�¾ËY�cY{�YÁ�Z]�{Â^¼¯�¾ËY�d�Y��ZÌ¿�Ä¯�,d�Y
{Â��½Y�^m�ZÅ�Â�¯��ËZ���Y���Á���Y�Ê°Ë��§��ÉZÅ

ÄÀË�Å� �Y� ¾f�Z¯� Á� ¶°�»� ¾ËY�{YÂ»� ÉÓZ]� ÉZÅ
��]ZÀ»� ÊÀË�´ËZm� ½Z°»Y� Ê���]� ,ÊeY{�YÁ� ÊËY~£
Ê»� Ê¸yY{� ÊÀÌXeÁ�a� �]ZÀ»� Z]� ÊeY{�YÁ� ÊÀÌXeÁ�a�

|�Z]� �Ä¿Y{� ,ÊËY~£� �]ZÀ»� ¾ËY� ¾Ì]� �{��Ä]� ,cÓÂ¬]
�ÉÓZ]�¾ÌXeÁ�a�Á�É��¿Y�½Y�Ì»�Ä]�ÄmÂe�Z]�,ZËÂ��Ã�ËÁ

Ã�ËÁ�ÃZ´ËZm�,{Ây�{Ây�Ä]��ÂÌ��Á�¹Y{�ÄË~¤e��{�ÉY
d�Y�Ã{Y{��Z�fyY����

�Ä¿ÓZ�� cY{�YÁ� Ä]� �Â�¯� ÉZ°eY� Ä]� ÄmÂe� Z]
Ê»� ,ZËÂ�� É{ZË�� �Ë{Z¬»�Ê»Â]� cÓÂ�v»� �Y� ½YÂe

ÄË~¤e� ÉY�]� Ä¬�À»���{� -{�¯� Ã{Z¨f�Y� �ÂÌ�� Á� ¹Y{
ÃÂ¬·Z]� ¶Ì�¿Zfa� ÉY�Y{� �¸y� Ä¿Y{� ¾Ì]� ¾ËY�dÆm�ÉY

�½M� ¶ËÓ{� �Y� Ê°Ë� Ä¯� ,d�Y� ZËÂ�� Ä¿Y{�ÊÀË�´ËZm
ZËÂ�� Á� �¸y�ÉZÅ|Ì�YÂÀÌ»M� Ä]Z�e��Glycine max��

Ê»|�Z] �Wirayan and Dingle, 1999� ���½ZÅZÌ³
Ê»�Ã|Ì»Z¿��¸y�Ê��Z§��{�Ä¯��Á�ÌeÓ��Àm�,|¿Â�

� Ä]� ª¸ f»Ä¿Y{� Á� |Àf�Å� cÓÂ¬]� Ã{YÂ¿Zy�ZÆ¿M� É
� {Á|u���� Ze����®�y� Ã{Z»� �{� ¾ÌXeÁ�a� |��{
� {�Y{�Golian and Salar Moieni, 2001�� �dÌ¸]Z«

Ê»�ÓZ]� �Ì¿�µÂ�v»�¾ËY�¾ÌXeÁ�a� �Y� Ã{Z¨f�Y|�Z]��
Ä¿Y{�ÉZÅ�Â�¯� �Y� É�ZÌ�]� �{� ½ZÅZÌ³� ¾ËY� É

�¹Y{�,½Z�¿Y�ÄË~¤e��{��Á{��ÁZy�Á�ÊËZÌ�M�,ÊËZ¬Ë�§M
�� Á� |¿Â�� Ê»� ¥��»� �ÂÌ�Golian and Salar 

Moieni, 2001� ���Ä¯�d�Y� Ä·Z��®Ë�ÊÅZÌ³� ,�¸y
��ÅZ¯� Á� Ä¿Y{� |Ì·Âe� �Â�À»� Ä]� ZÅ�Â�¯�Êy�]� �{

Ê»�d�¯�Zy�½�Á�fÌ¿��ËY�§Y� Á��ËZ��§{Â���
�Z]� ª�ZÀ»� �{� Á� Ã{Â]� Ê°�y� Ä]� ¹ÁZ¬»� ÃZÌ³� ¾ËY

Zy� Á���Âf»� Ze� º¯�Ê³|¿�Z]� t���ÊËZÌ¸«�ÉZÅ
Ê»�|���Ê]Ây�Ä]�|ËZ¼¿�Hanbury and Hughes, 

2003����

Ê¿Y�v]�½Z»�� µÂ�v»� �Å� Ê³|¿�� Ä¸u�»� ¾Ë�e
Ä¿YÂm��{��~]�Ä¸u�»�¾ËY��{�Y�Ë��,d�Y�½M��~]�Ê¿�

�Á� Äf§�³� �Y�«� Ê�Ìv»� |�Z�»Z¿� �ËY��� �� »
Ê»� ¶°�»� �Zq{� Ä���»� �{� ÄeÂ]� �Y�¬f�Y�{Â�

�Albuquerque and Carvalho, 2003� ��Ä¿YÂm�Ê¿�
¶uY�»� ¾Ë�f¼Æ»� �Y��,¹YÁ{� Ä¯� d�Y� ÃZÌ³� |��

�¾ÌÌ e� Y��Ê�Y��� ½ZÅZÌ³� ÊËZÆ¿� {�°¸¼�� Á� �Y�¬f�Y
Ê»� |À¯�Ghorbani et al., 2008� ���,¾ÌÀr¼Å

Ä¿YÂm�½ZÅZÌ³�Ê³|¿��Äy�q��Z�u�¶uY�»��Y�Ê¿�
��Z¼��Ä]�ÄrÅZÌ³�½|���^���{�É|Ì¸¯�É|ÀËM�§�Á

Ê»�{Á��Devilliers et al., 1994������

Ä¿YÂm�Ä]� \�ZÀ»� d]Â��� �ËY��� �{� �~]� Ê¿�
d�Y�Äf�]YÁ�Z»{�Ä]�c|����½Y�Z°¼Å�Á�µYÁ�Mwale 

et al., 1994� �Ä¿YÂm�d���� Ä¯� |¿{Y{� ½Z�¿�Z]�Ê¿�
��ËY�§Y� ÊÀÌ »� |u� Ze� Z»{��ËY�§YÊ»� Y|Ìa�Á� |À¯

�d�����Y�É�f�Ì]�c|��Z]��eÓZ]�ÉZÅZ»{��{��b�
Ä¿YÂmÊ»� Äf�Z¯� Ê¿�{Â�� ��ÊËZ»{� ÄÀ»Y{� �{� �Á~]

Ê»�Ä¿YÂm�Ê Ì�ÁÄ¿YÂm��j¯Y|u�Z»Y�,|À¿��Ä]�ZÆ¿M�Ê¿�
Ä¿Zf�M� �{�É�Ì´¼�q� �Â���ÅZ¯� ÄÀ»Y{�¾ËY�ÉZÅ

Ê»�½Z�¿|Å{��Ä¿YÂm��Y|¬»�Ä¯�ÊËZ»{�ÄÀ»Y{��{�Ê¿�
�Z]�d�Y��j¯Y|u�½M�dÌ¨Ì¯�Á�ZÅ�Ä¿Â³��Â¿�Ä]�ÄmÂe

Ê»� �ÌÌ¤e� �~]� |À¯�Ellis and Roberts, 1981� ����]
�¶»Z��Ê¿Y�v]�ÉZ»{�Ä��ÉY�Y{�½ZÅZÌ³��Z�Y�¾ËY
�Ä¿YÂm�ÉY�]�¦¬��ÉZ»{�Á�[Â¸�»�ÉZ»{�,ÄËZa�ÉZ»{

Ê»�½{�|À�Z]���|Àf�Å�ÊËZÅZ»{�¦¬��Á�ÄËZa�ÉZ»{
¾ÌËZa�ÉZÅZ»{� �{�\Ìe�e� Ä]� Ä¯�,ZÆ¿M� �Y� �eÓZ]� Á� �e

ÂmÄ¿Y�d�Y�ÊËZ»{�[Â¸�»�ÉZ»{� Á�d�Y� �¨��Ê¿�
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Ä¿YÂm�¶uY�»�,Z»{�½M��{�Ä¯ÃZeÂ¯��{�Ê¿��¾Ë�e
Ê»�©Z¨eY�¾°¼»�½Z»��½|���^��d����ÊÀ Ë�,|f§Y
d�Y�{Ây��j¯Y|u��{���É�f»Y�Za�ÄËZa�c�Y�u�Äm�{

�É|���¶uY�»�ÊÀÌ]��Ìa� ,É�Z�·|»� �{� Ä¯�d�Y
�Â»�ÊWZ»�³�ÉZÅ|uYÁ� Ä^�Zv»� Á� ÃZÌ³{�Å� �{� �ZÌ¿�

{�Y{�Ê¿YÁY�§�{�]�Z¯�É|���È¸u�»���

Äm�{c�Y�u��Â��Ä]�d�Y�¾°¼»�µZÀË{�Z¯�ÉZÅ
ÊÀ »º«�� Á� ZÅ� Ä¿Â³� ¾Ì]� É�Y{�Á� |ÀÀ¯� �ÌÌ¤e� ZÅ

Ä¿YÂm� µZÀË{�Z¯�ÉZÅZ»{� ¾f�¿Y{�[Zzf¿Y� ÉY�]�Ê¿�
¦¸��µ�fÀ¯�Á�\�ZÀ»�d�Z¯�½Z»���ZÌ�]���Å�ÉZÅ

� d�Y� ºÆ»�Evers, 1991� ���ÉZÅZ»{� �Y� Ã{Z¨f�Y� Z]
µZÀË{�Z¯�Ê»dË{Á|v»� ½YÂe�Y�� ÊËZÌ§Y�¤m� ÉZÅ

�d�Z¯� �Y� ¶^«� Y�� \�ZÀ»� d�Z¯� ½Z»�� Á� {�ÁM�]
�{�¯�[Zzf¿Y�Ramin, 1997�����ÁZ��®¸]�µZj»�ÉY�]

�Blackshow, 1991� �Y�¸¯� ÉÁ�� �]� Ê���]� �{ 

�Brassica napus��� ÉZ»{� �{� Ä¯� {�¯� ��Y�³��
Êf¿Z��Äm�{Ä¿YÂm�{Y�³��Y��f�Ì]�Ê¿�����w��|��{

Ê»Z»Y�,|Å{��Ä]�½|Ì���½Z»�����½|���^��|��{
� Ze� d�Y� ¾°¼»���|»Zn¿Y� µÂ�� Ä]� �Á�� ���YÂ¿Y
µ|»��Y�Ê¨¸fz»�¾Ì]�Ä�]Y��s���ÉY�]�Ê�ZË��ÉZÅ
Ä¿YÂm�d����d�Y�Ã|��Ã{Z¨f�Y�Z»{�Á�Ê¿��Shafii 

and Price, 2001; Soltani et al., 2006�����ZÌf»Y
µ|»� ¾ËY� ÉZÅ�f»Y�Za� Ä¯� d�Y� ¾ËY� �]YÂe� ¾ËY�ZÅ

»�ÉY�Y{�Ê°Ë�Â·ÂÌ]�¹ÂÆ¨��Á�µZÀË{�Z¯�ÉZÅZ»{�|À¿Z»
Ä¿YÂm�ÊeY}�d���Ê¿�� ���Y�Êy�]�¾ËY�]ZÀ]� ,|Àf�Å

µ|»� ¾ËY� �Y� ¾Ì¬¬v»�½{�ÁM� d�{� Ä]� ÉY�]� ZÅ
�Á�[Â¸�»�ÉZ»{�,ÄËZa�ÉZ»{�ÊÀ Ë�µZÀË{�Z¯�ÉZÅZ»{

� |¿{�¯� Ã{Z¨f�Y�¦¬��ÉZ»{�Jam and Cutforth, 

2004; Jami Al-Ahmadi and Kafi, 2007� ���¹Zm
¯� Á� ��Â¨eZ�Jam and Cutforth, 2004� ���]Ze� �Y

�¹|À³� µZÀË{�Z¯� ÉZ»{� ÉÁ�� �]� Ê���]� �{� Zf]
�,ÄËZa� ÉZ»{� Ä¯� |¿{Y{� ½Z�¿� Á� |¿{�¯� Ã{Z¨f�Y

� ,�¨��\Ìe�e�Ä]�¹|À³�ÉY�]�¦¬��Á�[Â¸�»����Á
���Êf¿Z��Äm�{{Â]�{Y�³���Ó�Á�¶ÌÅ�Hill and 

Luck, 1991� ��Ä ·Z�»� Z]����ºË��� �{�Ê e�»�¹Â´·
Y�u�ÉZÅ�cÁZ¨f»�¶¼ ·Y��°���Â¿�Ä��cÁZ¨f»�Êe�

Ä¿YÂm�d����Á�|��{���j¯Y|u���¿��Y�Ä¿Â³�¾Ì]�Ê¿�
ÊÀ »�¶]Z¬f»� �iY� Á� |¿{Â¼¿� Ã|ÅZ�»� ZÅ��Y� Y��É�Y{

���Y�³� ÃZÌ³� �Â¿� Á� Z»{� ¾Ì]� ÄrÅZÌ³� |��� ��¿
|¿{�¯���d���� Á� |��{� ÉY�]� ¦¬�� Á� ÄËZa� ÉZ»{
Ä¿YÂm� Ê¿Á�¸u� Än¿ÂË� Ê¿��Medicago scutellata 

L.���\Ìe�e�Ä]�����Á���Êf¿Z��Äm�{�d�|]�{Y�³
|»M��Ä¿YÂm�d����ÉY�]�[Â¸�»�ÉZ»{�ÃZÌ³�¾ËY�Ê¿�
�����Êf¿Z��Äm�{�|��{�ÁM�]�{Y�³�Mahmoodi 

et al., 2008����½Y�Z°¼ÅÁ��Y{�Ê¨�ÂË�Yusofi-Daz 

et al., 2003� ��ÄËZa�ÉZ»{�{Âz¿�Cicer arietinum��
Y���ÊÅZ´�ËZ»�M�d]Zi��ËY����{���Äm�{�Êf¿Z��

� Ä���»� �ËY��� �{� Á� {Y�³���Êf¿Z�� Äm�{�{Y�³
�{�ÁM�]|¿{�¯�ÊÀ »�cÁZ¨e�ºÅ�Z]�Ä¯|Àf�Y{�É�Y{�Á�

�Á� ÃZ´�ËZ»�M� �ËY��� �{� Ê¿Zfve� [Â¸�»� ÉZ»{
�\Ìe�e�Ä]�Ä���»�����Á�����Á�{Y�³�Êf¿Z��Äm�{

� \Ìe�e� Ä]� Ê¿Z«Â§� [Â¸�»� ÉZ»{����� Á����
Êf¿Z�� Äm�{� {�ÁM�]� {Y�³{Â]�� Ä¯� {�Â»� �{�ÉZ»{

��Y{�ÊÀ »�cÁZ¨e�,Ê¿Zfve�[Â¸�»{Â]���¦¬��ÉZ»{
�Ä]� Ä���»� Á� ÃZ´�ËZ»�M� �ËY��� �{� Ã|�� {�ÁM�]

�\Ìe�e����Á����Êf¿Z��Äm�{�ºÅ�Z]�Ä¯�{Â]�{Y�³
|Àf�Y|¿�É�Y{�ÊÀ »�cÁZ¨e���

� Ä]�,|�� Ã�Z�Y� ZÅ� ½M� Ä]� Ä¯� ÊeZ��Y�³� º£�
Ä ·Z�»� ½ÂÀ¯ZeÄ¿YÂm� �À¯YÁ� {�Â»� �{� ÉY�Ê¿�

Äm�{�Ä]� �¸y�ÉZÅ�~]d�Y�Äf§�´¿�c�Â��c�Y�u��
�¾ÌXeÁ�a�ÊÀË�´ËZm��{�ÃZÌ³�¾ËY�dÌ¼ÅY�Ä]�ÄmÂe�Z]
�d�¯�ÉY�]��ËY���Ä¯�Ê¬�ZÀ»��{��Â�z]� ZËÂ�
��z]� Ä°ÀËY� Á� d�Ì¿� ºÅY�§� ZËÂ�� �«Âe�a� ÃZÌ³

�Â�¯��Y�Ê¼Ì����Ä]�ª�ZÀ»�¾Ì¼Å�Ä³�m��{�½Y�ËY
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Ê»� �Z¼��ÉY�]� µZÀË{�Z¯� ÉZÅZ»{� Ê]ZË��Y� ,{Á�
Ä¿YÂmÊ»� ÃZÌ³�¾ËY�Ê¿��Ä]� Á� �fÆ]� ¹Zn¿Y�ÉY�]�|¿YÂe

|�Z]�Ã|ÀÀ¯�¾ÌÌ e���Y�»��{�É�Z¯�~]��«Â»���

�ZÅ��Á��Á�{YÂ»�� �

�Ã|°�¿Y{�ÊeZ¬Ì¬ve� ÃZ´�ËZ»�M� �{��ËZ»�M�¾ËY
Z¯� Êu���\·Z«� �{� |Àm�Ì]� ÃZ´�¿Y{� É��ÁZ�¯�0Ô»

�Z]�Ê§{Z�e��|��¹Zn¿Y��Y�°e� ��ÊËZ»{�ÉZÅ�Z¼Ìe��,
���,���,���,���,����Á���Êf¿Z��Äm�{��{�{Y�³

�Êf��{�d¸�� Ä]� �Y�°e� �Å� �{� Á� |¿|�� Äf§�³� ��¿
��¸y��~]���|��Ã{�]��Z°]��~]�{|����ª¸ f»��ZÅ�~]

|¿{Â]�|Àm�Ì]�½Zf��Æ��Ê¸v»�Ã{Âe�Ä]���

� ºË|�� dË�¸¯ÂbÌÅ� µÂ¸v»� Z]� Y|f]Y� ZÅ�~]���
���¬»� [M� Z]� �b�� Á� Ã|�� Ê¿Â¨�� |�� |��{

É�fa� �{� Á� |¿|�� Ã{Y{� Â�f���Ë{�¶Ë�f�Y� ÉZÅ
���«�Ä]�Ã|���Êf¿Z���Y�«�Ê§Z��~£Z¯�ÉÁ���]��f»

|Àf§�³� �É�fa� t���Ë{�½{�¯� Ä§Z�Y� �Y��a� ZÅ
���Ê¸Ì»��b��Á�{Á|�»�º¸Ì§Y�Za�Z]�,��¬»�[M��fÌ·

�É�Â¿� Ã�Á{� Á� ��¿� {�Â»�ÉZÅZ»{� Z]�É�ÂeZÀÌ»��� Ä]
���� Á� ÊËZÀ�Á�� d�Z������Z]� Ê°Ë�Ze� d�Z�

� d]Â����� �|¿|�� ¶¬fÀ»� ��cZ�ËZ»�M� Ê�� �{
�Z]�®Ë� �Á�� �Å� ZÅ�~]� �Y� |Ë{�Z]��¾Ì »�½Z»�� �{� Á

��d�Z���t^�����Á~]� �ZÌ »� Á�d§�³�Ê»�c�Â�
�Ã�Y|¿Y�Z]�Äq�Ä�Ë��kÁ�y�Ã{��Ä¿YÂm���ZË��f»�Ê¸Ì»

{Â]��f�Ì]����

Ä¿YÂm�d����Ä^�Zv»�ÉY�]��°��µÂ»�§��Y�Ê¿�
»�� Ze� ½Z���Ä¿YÂm� |��{|�� Ã{Z¨f�Y� ÊËZÆ¿� Ê¿���

�Ze�½Z»���°��Ä^�Zv»�dÆm�¾ÌÀr¼Å����|��{
Ä¿YÂm|�� Ã{Z¨f�Y� �Ë��µÂ»�§� �Y�Ê¿��� �Faroog et 

al., 2005�����
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� ,µÂ»�§� ¾ËY� �{N�Ä¿YÂm� ÊËZÆ¿� {Y| e� ,Ê¿�ti�
�Ä]�½|Ì����Y�¶^«�½Z»����Ä¿YÂm�|��{�,ÊËZÆ¿�Ê¿�

tj� �� Ä]� ½|Ì��� �Y� | ]� ½Z»����Ä¿YÂm� |��{�Ê¿�
� ,ÊËZÆ¿nj� �� ,Ã{�� Ä¿YÂm� ÉZÅ�~]� Ê ¼ne� {Y| eni�

��Á���{�Ã{��Ä¿YÂm�ÉZÅ�~]�{Y| ei �Ê»�½Z�¿�Y��¹Y��

|ÀÅ{���

�d���� �À¯YÁ� ½{�¯� Ê=¼¯� Á� ��Y�]� ÉY�]
Ä¿YÂmÄ¿YÂm�µZÀË{�Z¯�ÉZÅZ»{�¾ÌÌ e� Á�Ê¿���Y�Ê¿�

|��Ã{Z¨f�Y�µ|»��Â¿�Ä����

� �Â�y� µ|»� �Z¬f»���Jami Al-

Ahmadi and Kafi, 2007���� 

f = if (T≤To, region1 (T), region2 (T)) 

Region1 (T) = b (T-Tb) 

Region2 (T) = c (Tm-T) 

� ,Ä·{Z »� ¾ËY� �{¦�Ä¿YÂm� d���� Ê¿����°�
� Ze� ½Z»����Ê¿�� Ä¿YÂm� |��{�� ,T��c�Y�u� Äm�{

�Êf¿Z��Äm�{{Y�³�� ,Tb� ,To��ÁTm�Ä] \Ìe�e Äm�{
�Y�ucÉZÅ ,ÄËZa [Â¸�» Á��j¯Y|u Ê»|À�Z]���

� µ|»��Zf]� É�f»Y�Za���Tabrizi et al, 

2005��� 

f = exp (ì) (T-Tb)á (Tm-T)â 

To = ( á Tm + â Tb) / (á+â) 

Ä·{Z »�¾ËY��{�f�Ä¿YÂm�d����Ê¿���½Z»���°�
� Ze���Ä¿YÂm� |��{ÊËZÆ¿� Ê¿��� ,T��c�Y�u� Äm�{

                                                             
1. Intersected Lines Model � 
2. Five Parametric Beta Model� 
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�Êf¿Z�{Y�³�� ,Tb� ,To�� ÁTm��Äm�{� \Ìe�e� Ä]
c�Y�uÊ»� �j¯Y|u� Á� [Â¸�»� ,¶«Y|u� ÉZÅ|À�Z]��

�¾ÌÀr¼Å��ˬĮ�ˬȕ�|Àf�Å�½ÂÌ��³��\ËY�����

Ä¸¼m�|Àq�µ|»Á{�Äm�{�ÉY���Tabrizi et al, 

2005�����

f=a + bT + cT2 

To= b + 2cT 

Ä·{Z »�¾ËY� �{�a�ˬb�� Ác�� ,½ÂÌ��³��\ËY��T �
�c�Y�u� Äm�{�Êf¿Z��\�u� �]{Y�³� �� Á27��Äm�{

|ÀÅ{�Ê»�½Z�¿� Y��[Â¸�»�c�Y�u���dÆm�½ZËZa��{
Ã{Y{� ¶Ì¸ve� Á� ÄË�ne� ÉZÅ�Y�§Y� ¹�¿� �Y� ZÅSAS��Á

SigmaPlot�|��Ã{Z¨f�Y���

�hv]�Á�lËZf¿��

�|¿{Y{�½Z�¿��ÅÁ�a�¾ËY��{�Ã|»M�d�|]�lËZf¿
�Ä¯Ä¿YÂm�|��{��]�c�Y�u�Äm�{��ÌiZe�t����{�Ê¿�

ÊÀ »�|��{�®Ë�µZ¼fuY�{Â]��Y{��µÁ|m�����|��{
Ä¿YÂmÄm�{� �Y�Ê Ì�Á� Ã{Á|v»� �{�Ê¿�c�Y�u�ÉZÅ
�¾Ì]����Ze���Êf¿Z��Äm�{�t���¾Ë�eÓZ]��{�{Y�³

Ä¿YÂm�|��{��Ë{Z¬»�¾Ì]�Á�d�Y{��Y�«�{Ây��{�Ê¿�
ÊÀ »�¥ÔfyY�ÊËZ»{�ÄÀ»Y{�¾ËYÅZ�»�É�Y{|�¿�Ã|��

��Y��f¼¯�Ä]�Z»{��ÅZ¯�Z]���Ä¿YÂm�|��{�,Äm�{�

ÊÀ »��Â��Ä]�Ê¿�{�¯� Y|Ìa��ÅZ¯�É�Y{� ���]�ÃÁÔ�
� �Y��Ì]� Ä]� c�Y�u� Äm�{��ËY�§Y� ¾ËY����Äm�{

Êf¿Z�Ä¿YÂm� |��{� |Ë|��d§Y�\^�� �Ì¿� {Y�³�Ê¿�
� |Ë{�³� �¸y� �~]�� ¶°��� ���ÉY�]� \�ZÀ»� ÉZ»{

Ä¿YÂm�Ä·Z�°Ë�Än¿ÂË�Ê¿��Medicago rigidula����{
ÄÀ»Y{�Zy�ÉZ»{� �Y�ÉY������� YÂÅ�ÉZ»{� Á����
���Êf¿Z��Äm�{�d�Y�Ã|����Y�³�{Y�³�French 

                                                             
1� Quadratic Polynomial Model 

and Pukridge, 1983� ���Ã|ÅZ�»�É�´Ë{�Ä ·Z�»��{
�¾Ì]��Y�Ä¯�|�����,Ê���]�{�Â»�¹Â´·�Ä¿Â³���Ä¿Â³

½M�ÊËZ»{�Ã{Á|v»��{� ZÅ���� Ze���Êf¿Z��Äm�{�

� �Y� �Ì]� {Y�³���|¿{�� Ä¿YÂm� |��{�Äm�{� Á� ,
� c�Y�u���Êf¿Z�� Äm�{� �{� {Y�³���½M� Ä¿Â³�ZÅ

Ä¿YÂm� |��{� |Ë|�� �ÅZ¯� \^��|Ë{�³� Ê¿�
�Teketay, 1996� ��Ä¿YÂm� |��{� �ÅZ¯��{� Ê¿�

c�Y�u� Äm�{��{� �ÌÌ¤e� {ZnËY� \^�� Ä]� ÓZ]� ÉZÅ
¾ÌXeÁ�aÄ¿YÂm�É�Á���ÉZÅ�w���~]�µYÁ���Ì¿�Á�Ê¿�

Ê»� |Å{�Copland and McDonald, 1995; 

Hardegry, 2006a�����

Ä¿YÂm� d���� ,c�Y�u� Äm�{�t��� �{� Y�� Ê¿�
�{Y{��Y�«��ÌiPe�dve�|��{�®Ë�µZ¼fuY��µÁ|m����

��Y�c�Y�u�Äm�{��ËY�§Y�Z]�Ä¯�|¿{Y{�½Z�¿�lËZf¿��
� Ä]���Êf¿Z�� Äm�{Ä¿YÂm� d���� {Y�³�Ä]� Ê¿�

ÊÀ »�c�Â�{�¯�Y|Ìa��ËY�§Y�É�Y{���Z]��ËY�§Y�¾ËY
Ä¿YÂm� d���� ½|Ì��� Ze� ºËÔ»� Ê^Ì��Ä]� Ê¿�
� c�Y�u� Äm�{� �{� {Ây� �Y|¬»� �j¯Y|u����Äm�{

Êf¿Z�{�¯�Y|Ìa�Ä»Y{Y�{Y�³���c�Y�u�Äm�{��ËY�§Y�Z]
��Y����Ä]���Êf¿Z��Äm�{Ä¿YÂm�d����{Y�³�Ä]�Ê¿�

�Z]�½M�¥ÔfyY�Ä¯�ÉY�Ä¿Â³�Ä]� ,d§ZË��ÅZ¯�c|�
Ä¿YÂm� d���� ÉZÅ�Z¼Ìe� ÄÌ¸¯� �{� Ê¿����� Ze���
ÊÀ »�Äm�{{Â]��Y{� ��Ê¸¯��Â��Ä]Ä¿YÂm�d����Ê¿�

Ä¿YÂm� |��{� Ä]� d^�¿�É�f�Z�u� �yZ�� Ê¿�
Ä¿YÂm�Ä¯�Ã{Â]�Z»{�Ä]�d^�¿��Y�«��ÌiZe�dve�Y��Ê¿�

Ê»�|Å{�Tabrizi et al., 2004���Y�¶Ì·{�¾Ì¼Å�Ä]� ,
Ä¿YÂm�d�����À¯YÁ�Äm�{�¾ÌÌ e�ÉY�]�Z»{�Ä]�Ê¿�

c�Y�uÊ»� Ã{Z¨f�Y� µZÀË{�Z¯� ÉZÅ�{{�³
�Hardegry, 2006a� ��Ä¿YÂm��� Ê¿��µZ¼fuY� �Ë

Ä�Ë���«Â»�Ä]�kÁ�y�d]Â����Y�Ã{Z¨f�Y�Á��~]��Y�Äq
��ËY�§Y� Y��ÄrÅZÌ³� �fÆ]� �Y�¬f�Y�¾ÌÀr¼Å�Á�Zy

Ê»|Å{��Evers, 1991����
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�µÁ|m���Ä¿YÂm�d����Á�|��{�cZ ]�»�¾Ì´¿ZÌ»�Á�É{Y�M�Äm�{��Ë{Z¬»�¸y�Ê¿����

Table 1. Degree of freedom and mean square of Grass Pea seed 
germination rate and percentage.��

�� � � É{Y�M�Äm�{ Ä¿YÂm�d����Ê¿��� Ä¿YÂm�|��{Ê¿� 

S.O.V �ÌÌ¤e��]ZÀ» Degree of 
Freedom��

Germination 
Rate  

Germination 
Percentage 

Temperature�� c�Y�u�Äm�{ 6 0.272** 3828.5** 

Residual Z�y 21 0.02 95.23 

Cv % �������\Ë��
cY�ÌÌ¤e -- 28 12.6 

**�Ã|ÀÅ{�½Z�¿�t����{�É�Y{�ÊÀ »��d�Y�|��{���

** indicates significance in  the probability level of 1%   

 
. 

��

�¶°������¸y��~]�Ê ¼ne�Ê¿��Ä¿YÂm�|��{��]�c�Y�u�Äm�{��ÌiPe��|��{�¾Ì´¿ZÌ»�Ä�ËZ¬»�Ã|ÀÅ{�½Z�¿�¥Á�u
Ä¿YÂm�µZ¼fuY�t����{�ÊËZÆ¿�Ê¿����½Â»�M���Âe�|��{FLSD�Ê»|À�Z]����

Fig 1. Effect of temperature on cumulative germination on Grass Pea (The letters are�
represent the mean percentage of final germination test at the 5% level of FLSD test). 
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¶°������Ze�½Z»���°���]�c�Y�u�Äm�{��ÌiPe����¸y��~]�Ê¿��Ä¿YÂm�|��{���
Fig 2. Effect of temperature on reverse of time to 50% of final germination in Grass Pea. 
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¶°�����Ä¿YÂm�d�����]�c�Y�u�Äm�{��ÌiPe��Z¬f»��Â�y�µ|»���Y�]��Z�Y��]��¸y��~]�Ê¿����
Fig 3. Effect of Temperature on germination Rate in the Grass Pea seeds based on 

Intersected Lines Model.
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Rsqr= 0.81

Y= 0.38 X - 0.03249

Y= -0.52 X + 2.163
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¶°�������Z¬f»��Â�y�µ|»��Y�¶�Zu��Ë{Z¬»�Á�Ã|��ÊÀÌ]��Ìa��Ë{Z¬»�®Ë�Ä]�®Ë��]Ze���
Fig 4. One by One Function for observed and predicted value from ISL model. 

 

c�Y�u� Äm�{� ¾ÌÌ eÄ¿YÂm� µZÀË{�Z¯� ÉZÅ�Ê¿�
�½Z�¿���Z¬f»��Â�y�µ|»� �Y� Ã{Z¨f�Y� Z]� �¸y� �~]

� �Â¯~»�µ|»�¾ÌÌ^e�\Ë��� Ä¯� {Y{������Á� Ã{Â]
�\Ìe�e� Ä]� ÄËZa� Á�[Â¸�»� ,¦¬��ÉZÅZ»{�¾ÌÀr¼Å

����,����Á�����Êf¿Z��Äm�{�|¿|��{�ÁM�]�{Y�³
��¶°�����Ã{Y{���Z¬f»��Â�y�µ|»��Y�¶�Zu�ÉZÅ
��Ã|��ÊÀÌ]��Ìa��Ë{Z¬»���Ä]�®Ë��Â�y��]Ze��{

��Y�«� Ê���]� {�Â»� Ã|�� Ã|ÅZ�»� �Ë{Z¬»� Z]� ®Ë
d§�³����{�Ã|��Ã|ÅZ�»��Ë{Z¬»�Ä¯�|Ë{�³�Ã|ÅZ�»

�ÊÀÌ]��Ìa� �Ë{Z¬»� Ä]�d^�¿���Z¬f»��Â�y��]Ze
Ä�uÔ»�¶]Z«�¥Y�v¿Y�Ã|�|¿�Y{�ÉY��Ê¼¿�¾ËY�]ZÀ]�

{�¯�½ZÀÌ¼�Y���Z¬f»��Â�y��]Ze��Ë{Z¬»�Ä]�½YÂe� 
�Ze� Ê¿�� Ä¿YÂm� d���� c�Y�u� Äm�{� �ËY�§Y� Z]
��ËY�§Y�Ê�y��Â��Ä]� ,Ê¿Y�v]�|u�®Ë�Ä]�½|Ì��
�Ä]�Á��ÊËÓZ]�d����Z]�Z»{��f�Ì]��ËY�§Y�Z]�Á�d§ZË

� d�Y~³� �ÅZ¯�� ¶°��� ���É{| f»� cZ��Y�³
Ze� c�Y�u� Äm�{� Ê�ËY�§Y� �iY� �Y� Ê¯Zu�Ä�¬¿�ÉY

�|À�Z]� Ê»� �Á~]� Ê¿�� Ä¿YÂm� d���� �]� �Zy

�Bannayan et al., 2006; Hardegree and 

Winstral, 2006� ���,Z»{��ËY�§Y� Z]� µÂ¼ »� �Â�� Ä]
Ä¿YÂm� d���ÄÀ»Y{� ®Ë� �{� ¶«Y|u� Ê¿��ÊËZ»{� É

Ê»� �ËY�§Y� Ê�y� �Â�� Ä]� \�ZÀ»|]ZË� ���{� Ê·Á
Ê»� ½Z�¿� É|Ë|�� d§Y� ½M� �Y� �eÓZ]� ÉZÅZ»{�|Å{

�Hardegree, 2006����

Ã{Y{� ��Y�]Ä¿YÂm� d���� ÉZÅ��Z�Y� �]� Ê¿�
Ä¸¼m�|Àq�µ|»�¾ÌÌ^e�\Ë���Á{�Äm�{�ÉY�����Y�

��Â�y�µ|»�¾ÌÌ^e�\Ë���Ä]�d^�¿�Ä¯�{Y{�½Z�¿
�Ä]�d^�¿�Á��f�Ì]�|��{�®Ë�{Á|u���Z¬f»�µ|»

� Zf]�É�f»Y�Za�lÀa���{Â]��f¼¯�|��{� ��Ê���]� �{
Ã{Y{� ÉÁ�� Ã|�� ¹Zn¿Y��{� µ|»�¾ËY� �Y� ¶�Zu�ÉZÅ

�®Ë�Ä]�®Ë��]Ze��{�Ã|��Ã|ÅZ�»��Ë{Z¬»�Z]�Ä�ËZ¬»
� |Ë{�³� Ã|ÅZ�»� É{ZË�� ¥Y�v¿Y��µ|»� |À¿Z¼Å

��Z¬f»��Â�y� ����Ì¿� �]Ze� ¾ËY� �Ë{Z¬»� Ä]� ¾ËY�]ZÀ]
Ê¼¿� {Â¼¿� ½ZÀÌ¼�Y� ½YÂe�¶°��� ���Z�Y� �]��µ|»

Ä¸¼m�|Àqc�Y�u�Äm�{�Á{�Äm�{�ÉY�,¶«Y|u�ÉZÅ
Ä¿YÂm� ÉY�]� �j¯Y|u� Á� [Â¸�»�Ä]� �¸y� �~]� Ê¿�
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�\Ìe�e���� ,������Á�����Êf¿Z��Äm�{��

� |¿|�� {�ÁM�]� {Y�³�� ¶°��� ��c�Y�u� Äm�{� ¾Ì]�
Ä¿YÂm�ÉY�]�Ã|��{�ÁM�]�µZÀË{�Z¯�ÉZÅ��¸y��~]�Ê¿�

ÂmÁ� ÊeZ§ÔfyY� ¦¸fz»� ÉZÅ� µ|»� �Y� Ã{Z¨f�Y� Z]�{
d�Y{� ��½Y�Z°¼Å� Á�É�Ë�^e�Tabrizi et al., 2005��

c�Y�u�Äm�{�Ä¯�|¿{�¯�Ã|ÅZ�»��Ì¿�µZÀË{�Z¯�ÉZÅ
µ|»� �Y� Ã{Z¨f�Y� Z]� Ã|��{�ÁM�]�Á{� �{�¦¸fz»�ÉZÅ

� Ê¿Z�Y�y� ¾�ËÁM� Ã{Âe�Thymus transcaspicus 

Klokov��|ÀeÁZ¨f»��´Ë|°Ë�Z]���
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��

��

�¶°����Ä¸¼m�|Àq�µ|»���Y�]��Z�Y��]��¸y��~]�Ê¿��Ä¿YÂm�d�����]�c�Y�u�Äm�{��ÌiPeÄm�{�ÉYÁ{���

Fig 5. Effect of Temperature on germination Rate in the Grass Pea seeds based on 
Quadratic Polynomial Model. 

 

 

�¶°����Á{�Äm�{�ÉY�Ä¸¼m�|Àq�µ|»��{�Ã|��Ã|ÅZ�»�Á�Ã|��ÊÀÌ]��Ìa��Ë{Z¬»�®Ë�Ä]�®Ë��]Ze���

Fig 6. One by one Function for observed and predicted value from Quadratic Polynomial 
Model. 
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�Ϟ̰η���Zf]�Ê¿ÂÌ��³��µ|»���Y�]��Z�Y��]��¸y��~]�Ê¿��Ä¿YÂm�d�����]�c�Y�u�Äm�{��ÌiPe���

Fig 7. Effect of  temperature on germination rate in the Grass Pea seeds based on Beta 
Regression Model. 

 

�Ϟ̰η���Zf]�µ|»��Y�¶�Zu��Ë{Z¬»�Á�Ã|��ÊÀÌ]��Ìa��Ë{Z¬»�®Ë�Ä]�®Ë��]Ze� 

Fig 8. One by one Function for observed and predicted value from Beta Regression 
Model. 

�µ|»� �Y� Ã{Z¨f�Y� Z]� Ã|»M� d�|]� lËZf¿
�µ|»� ¾ÌÌ^e� \Ë��� Ä¯� {Y{� ½Z�¿� Zf]� Ê¿ÂÌ��³�

� �Â¯~»����� ����Z¬f»� �Â�y� µ|»� Ä]� d^�¿
� {Â]� �eÓZ]�� ¶°��� ���¹Zn¿Y� Ê���]� �{� ¾ÌÀr¼Å

Ã{Y{�ÉÁ�� Ã|��Ä�ËZ¬»� �{� Zf]�µ|»� �Y�¶�Zu�ÉZÅ

� Z]�Ä]�®Ë��]Ze� �Y� Ã{Z¨f�Y� Z]� Ã|�� Ã|ÅZ�»� �Ë{Z¬»
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Abstract 

The seeds germination response to temperature is different between plant species. The 
germination process in different plants occurs in a wide range of temperature. The cardinal 
temperatures have an important role in the selection of suitable climate, time and places for 
seed planting. Given that the replacement of soybean by Green Pea is important for supply 
the required protein in dry lands. Evaluation of cardinal temperatures for germination of 
this plant can helps to better planting and timely seeding in the field. With this aim, an 
experiment based on completely randomized design was conducted with 4 replications in the 
faculty of agriculture of Birjand University. The treatments were 5, 10, 15, 20, 25, 30 and 35 
degree of centigrade temperatures. The results showed that the maximum of germination 
rate was observed at 30 degree centigrade. In the temperature range of 15 to 30 degree 
centigrade observed high germination percentage. But, by reducing the temperature to 
below 15 degree of centigrade and increase it to more than 30 degrees, the germination 
percentage are significantly reduced. To determine the cardinal temperatures was used from 
three models including Intersected Lines, Quadratic Polynomial and Five Parametric Beta 
Regression. The Beta regression model was better described by temperature changes than 
the germination rate. In addition, the base, optimum and maximum temperature was 4.47, 
28 and 35 degree of centigrade respectively.  
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