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ABSTRACT 

Wild oats seed is dormant and seeds can persist in the soil for a long time. Factors that influence 
germination are temperature, seed position and seed coat. Thus, laboratory experiments were conducted at 
University of Tehran, Collage of Agronomy and Plant Breeding, to study the effect of temperature, seed 
position and seed coat on seed germination of four population of Avena ludoviciana. The experimental 
design was a completely randomized design with factorial arrangement of treatments with three 
replications. Experimental treatments were seed position (lower and upper seeds), temperatures (5, 10, 15, 
20, 25 and 30 ◦c). Response of germination rate against temperature was described with sigmoid function 
for each population. The results in laboratory showed that the lowest germination percentage (GP) and 
germination rate (GR) were obtained in Qaemshahr primary and secondary seed without coat, with lowest 
seed weight (1.5 gr) among all populations studied. Big seed without coat had higher germination 
percentages (%80) than small seed (%56) in Qaemshahr. In contrast, Kamyaran with highest seed weight 
(3.65 gr) had higher germination percentages and germination rate. In Kamyaran population big seed 
without coat had higher germination percentages and germination rate than small seed. Marvdasht seed 
without coat showed higher germination rang (2.44 and 1.17 GC respectively in big and small seed) than 
seed with coat, (0.72 and 0.96 GC in big and small seed, respectively). Decreasing in GP and GR in seed 
with coat compare to seed without coat in Marvdasht and Mahidasht, were observed. However, 
management plans could be proposed at regional scale according to the approach of modifying the 
patterns of agronomic to which the local populations have adapted. 
 
Keywords: Lemma and Palea, Seed position, Germination Coefficient, Primary and secondary seed. 
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Ä»|¬»  
Ä//¿YÂm,Ê//¿� Ä//�v·ÉY ÊeZ//Ìu �{ È//y�q Ê³|//¿� 
¦¸��ZÅÉ���Å ®Ë,Ä·Z� Ä]½YÂÀ� Ä¯�Ê¿ZÅZÌ³ ZÆÀe Ä] 
�^À» �~] �|���É| ]�¶uY�»�Á�½|���^��ÉY�]Z°eY�

�,|¿�Y{d�Y. ¦¸�ÉZÅ ��Å �¾/°¼» �d/�Y ����Â/Àe�Ä/¯
�ÉÓZ]Ä¿YÂm�Ê¿��d/Ì ¼m�¾Ì]��{�Y��Z/Å ��/�¿��Y��¹Â/]
Ê�ZÀ����|/ÀÅ{�½Z/�¿�{Ây��Y(Loddo et al, 2014)  .
�ÂÀe Ê°Ìf¿� Á ¶»Z��ÉZÅ ��É�{Z/»�ÃZ/Ì³��]�Ê�Ìv» �{ 

|ÀËM�§ |�� Á ½|Ì�� ,�~] Á{ ¶»Z� �Ê¸/�Y ��¾Ì/Ì e� �{
dÌ ¼m�¾Ì]��{��ÂÀeÃ|��{Y|¼¸«�ZÅ�|/¿Y .(Baskin & 

%DVNLQ�� ������ *UXQG\�� ������ .DUOVVRQ� et al., 

2008) Ê���]��{cÁZ¨e�É�ZÌ�]�ÉZÅ ��{¹Â]�Ê�ZÀ��
Ä¿YÂm��Â/y�Á�Ê¿��¾Ì/Àr¼Å�[Y �ÉZ/Å�f»Y�Za��Êf/�Ë� 

)Ê°Ë�Â·ÂÌ]( ÉY�] dÌ ¼mÉZÅ ��¦/¸fz»��®/Ë�ÃZ/Ì³ 
�7DDE� 	� $QGHUVVRQ�� ������ 0XUGRFK� et al., 

������7VHQJ�et al., 2013)���ÉY�/]�Êfu�Á��~/]��ÉZ/Å
�������cÁZ/¨f»��ËY�/���{�Ä/¯�,ÃZ/Ì³�®/Ë��Y�d/Ì ¼m�®Ë

Ã{�¯���Y�³�,Y��|À�Z]�Ã|Ì���Ê�Ìv»�|/¿Y (Bello et 

al., ������ 0DJ\ar & Lukacs, 2002). Z//] �¾//ËY
,{ÂmÁ ¾ËY Äf§ZËZÅ � Y�¼¿Ê ½YÂe Ä]�½YÂÀ� ®Ë ¶�Y Ê¸¯ 
��¿��{�d§�³. (2010) Masin et al.  ���½Z/�°Ë��Ë{Z/¬»

Ä//ËZa�ÉZ//»{� Ä//¿YÂm�ÉY�//]�Y���Y�d//Ì ¼m�¾Ë|//Àq�Ê//¿�
¦¸��ZÅÉ����/ÅÉ���Ä/^ÀaÁZ³�½Â/q  Abutilon theophrasti 

MedikÄ¼¸��,Ã�eL.   Chenopodium album �Á���ÌWZ/q
Sorghum halepense (L.) Pers �Y��Y{�½Z/�¿�d/�Y�Ã{��

�ÂÀe Ä¿YÂm�d/Ì ¼m�¾Ì]��{�[YÂy�Á�Ê¿����\/¸£Y�Z/Å
Ä]�½YÂÀ��®Ë��{�/^ÅY� )�É�eY�f/�Y(��Ê/¬Ì^�e����ÉY�/]

�{��À¯Y�//a �//�Y�� ª�Z//À» Z//] �ËY�//� Ê//�Ìv» 
¦//¸fz» Á Z//Ë Z//] �ÌÌ¤eÉ�Ë~//a��Á�Ê// Ì^�Ê//aÊ//a�{ 

(Luzuriaga et al���������6DOHV�et al., 2013) �|À¿Z»
dÌ·Z §ÉZÅ �É��ÁZ�¯��/�¿��{����d/�Y�Ã|/��Ä/f§�³ 

��'HNNHU��������6FKXWWH�et al., 2014)  
��{ ½Z//Ì» �Y�//³�ÉZ//Å �¥ÓÂ//Ë�,��//Å�Ê//�uÁ Avena 

ludoviciana Durie Ä]�½YÂÀ� ºÆ»�¾Ë�e ��Å�¦¸� ¹|À³ 
Á ��/´Ë{��cÔ/£ �Ã�ÌËZ/a �s�/�» �d/�Y )Samedani and 

Baghestani, 2005.( �¾ËY��Å�¦¸��{�Ä]���É�Z³�Z/��¶/Ì·
����Á�Êf//�Ë��½Â³Z//¿Â³��ËY�//��Z//]�ÓZ//]¹Â//]��ÊfyZÀ//�

                                                                               
1. Base temperature 
2. Adaptive strategy 

Ë�Â·Â¯Y�Ê°(½Zf�Y�\¸£Y��{�,��½Y�ËY�ÉZÅÄ]��c�Â/� ��¦/¸�
��Å��{�Y{�{Â/mÁ Montazeri et al., 2005)(. �t�/���{�

�,Ê¿ZÆm½ZË��Á�\Ì�M���¥ÓÂ/Ë�ÉÓZ/]���Ê/�uÁ�·{�Ä/]�/Ì¶�-
Ä¿YÂm�¶�§��{�Ã|À¯Y�a�Ê¿������½|/¿Z»�Ê«Z/]�Á��~/]�[YÂy�,

�,�~]�®¿Z]��{��Ê/�Y���ÃZ/Ì³��Y�|Ì¸¬e��,£Ì�Ë�fyYÂ/À°Ê���{
���Ë��Á�½|Ì��ZÅ�~]��d/»ÁZ¬»�Á�Êf]Z«��ÉÓZ]�ÊËZ¿YÂe�,

¦¸���Y�É�ZÌ�]��]Y�]��{��¯���Z/Å��Ã{Â/]�d/�Y )Bryson, 

1990�� 0HGG� DQG� 3DQGH\�� ������ -RQHV� DQG�

Medd, 1997(¥ÓÂ//Ë���Ä¿Zf//�»��Ê//�uÁ ÄÀÌ//�Ìa�ÉY
�cÔ/£�Z]�ÊÅY�¼Å��{�ÄÀË�Ë{ {�Y{(Baghestani et al., 

������$WUL�et al., 1998) .(�ÃZ³|Ë{��Y�¹Â/]��fyZÀ/�Ê�,
���//¬¿�Z//»{�ÊËY�//�]��Ç|//Ë|a�Á�[YÂ//y�ºÌ//�Àe��{�Y�

Ä¿YÂm���Y��{�Y{��~]�Ê¿�YË¾�Á���ÅÁ�a��Y�É�ZÌ�]��{���Z/Å
��~/]�[YÂy�ÊËZËÂa��]�Z»{��ÌiPe (Batlla and Benech-

Arnold, ����� 0H\HU� DQG� $OOHQ�� ������

Alvarado and Bradford, 2005) �ÁÄ//¿YÂm�//¿�Ê 
�7LPPHUPDQV�� ����� Hardegree and Winstral, 

2006��+DUGHJUHH������)  Ê���]�����Ä/���d/�Y�Ã|/�
�ÉZ»{Ê¸�Y�d�Y�Ã|��ÄfyZÀ��Z»{�Ä]��~]�x�Za�ÉY�]-�
ÉZ»{�ZË�ÄÀÌ¼¯�ÄËZa��,���Z/Ë�Ä/ÀÌÆ]�[Â/¸�» ��º¼Ì/faY�� �Á

ÄÀÌ�Ì]�¦¬��ZË )º¼Ë�¯Z»(� ¾ÌËZa�ÉZÅZ»{��{�Ä¯��Y��e 
(Tb) �Á�eÓZ]��Y (Tc) �Ä/¿YÂm��~]  ¿�Ê/¼ �/¿���ÉZ/»{��{�Á�|

Ä¿YÂm�,[Â¸�»���Ê/»�w��d��/��¾Ë�f/�Ì]�Z]�Ê¿���|/Å{ 

�%UDGIRUG��������$OYDUDGR�DQG %UDGIRUG������� 
Dumur et al., 1990, Garcia-Huidobro et al., 

������ +DUGHJUHH�� ����). ��Y��//´Ë{¶//»Z��ÉZ//Å 
iPeÌ�Y~³��Ä¿YÂm��]�½M�ÃZ´ËZm�,�~]�Ê¿� �{ d�Y�ÃZÌ³ et 

al., 2005) Moravcova, �*XWWHUPDQ�� ������

Baskin and Baskin, 2001�Á ¾ËY ,x�Za Ä]�½YÂÀ� ���/iY
ZmËÃZ´ ��~/] �����Är¸^À/���Â/v»��Y��~/]�È¸/�Z§� �s�/�» 

�d/�Y��&KHSOLFN�DQG�6XQJ��������0RUDYFRYD�et 

al., 2005) ¾ËY �cÁZ/¨e��Z/Å �¾/°¼» �d/�Y �Ä/] �Ê/¸ËÓ{ 
-½Âq {Â^¿ �Z�fyY �]ZÀ» Ä] ½Y�Ì» ��/]Y�] �Ä/] �È/¼Å 
�~]�ZÅ )Datta et al., 1970(, |Ì·Âe �~] �{ �ÊfÌ «Â/» 

)Ç|�Z« ¶³�}MË¾ (Z] �ËY�� �cÁZ/¨f» �Ê/�Ìv» �Y ��~/] 
�´Ë{ )ÉÓZ] ¶³�}MË¾ (Á cÁZ¨e �{ ¾� Ê°Ë�Â·ÂË�Ì§ 

                                                                               
3. Stagger germination 
4 .Crop mimicry 
5 .T base 
6 .T optimum 
7 .T cilling 
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ÃZ//Ì³ �{Z//» �{ ½Z//»� |//Ì·Âe �~//]�,Z//Å �Â//]�» |¿Â//� 

(Baskin and Baskin, 2001). �¾Ë�/fÆ] �,Ä/¿Â¼¿ ���Â/Àe
YÂmÄ¿��Ä]�x�Za��{�Ê¿���~/]����/z]��{�Ã|/�|Ì·Âe���ÉZ/Å

�¦¸fz»¶³�}MË¾��Ê/y�]��{ �Ä/¿Â³���,cÔ/£�ÉZ/Å �|/À¿Z» 
Aegilops ovata )Datta et al., 1970(, A. neglecta, 
A. geniculata ÁA.triuncialis  �d//�Y�Ã|//��Ã|//Ë{ 

(Maranon, 1987) .�{ ¾//ËY Ä//¿Â³�,Z//Å �~//] ËZ//aÊÀÌ 
±��]��e Á Ê´f¨y �f¼¯É ��~/]�Ä]�d^�¿ �ÊËÓZ/] {�Y{.�
Èf�Âa����´Ë{��Y��~]¶»Z��ÉZÅ�Ä¿YÂm��]��iR»�Ê¿�d�Y .
�Z¯Á�Z���Ä/]�É{�YÂ»��{��~]�Èf�Âa�Z]�ÃY�¼Å�[YÂy�ÉZÅ

��Ã|/¿�Y{�Z]�{YÂ»�{ÂmÁ�,[M�,½�Ì�¯Y�[~m��Y�É�Ì³Â¸m
��d�Y�Ã|��Ã{Y{�d^�¿�Ê°Ì¿Z°»�d»ÁZ¬»�Á�Ê/���]��Z/Å 

�] Ä¿YÂmÊ¿� �~] dÌ ¼m�ÉZÅ��Å�¦¸� Ä]��Â�À» �Ä/WY�Y 
YcZ�Ô� ºÌ¼ e�¶]Z« �{ �ZÌ¬» �Ã{�f/�³���Ä/]�ÉY�/]�ÉY

¾Ë�f�Ì]�µZ¼fuY�½|¿Z���ZÅ, Ê»�c�Â�{�Ë~a(Loddo 

et al., 2014) �Ä/¿YÂm�|��{��{��ÌÌ¤e�Ä]�ÄmÂe�Z]�����Ê/¿�

��~]¦¸��ZÅÉ���Å���Ì/a�,É�{Z»�ÈËZa��{��Ê/ÀÌ] ��ÊËZ/ËÂa
®¿Z] �~] �{ Ê³{Â·M �Ìv»�ÊËZÅ |À¿Z»���d/Ì¼ÅY�Ä���»
�Y{�ªÌ¬ve�¾ËY�Y~·�,{Ê]ZË��Y�¥|Å�Z]�����~/]�ÃZ/´ËZm�,Z»{

�Á�Är¸^À//���{�ÌiP//e����//]��~//]��//�ÂaÊ//³�ËÁ�ÉZ//Å�
Ä¿YÂm�¥ÓÂË�Ê¿��d§�³�¹Zn¿Y�Ê�uÁ  
  

�Á��Á�{YÂ»�ZÅ  
ÃZ´�ËZ»�M� �{� Ê���]� ¾ËY ¦¸��ZÅÉ���Å �Ë{�a�

É��ÁZ�¯�Ê Ì^���]ZÀ»�Á�ÃZ´�¿Y{ ½Y�Æe��k�¯� �¹Zn¿Y
dÌ ¼m� ÉZÅ�~]� �|��¥ÓÂË� ÉZÅ��¹Z´ÀÅ� �{� Ê�uÁ

� Ê³|Ì���Ê�Y��� µZ�� �½Zf�]Ze� ¶ËYÁY� Á� �ZÆ]� �yYÁY�
����-������ �Y�ÉZÅ�Y�f�¯�¾ËY� Ä]� Ã{Â·M��Å�¦¸��
� �{ª�ZÀ» ºWZ«��Æ��,�½Y�|¿�Z»� ½Zf�Y��½Y�ZÌ»Z¯�

,�½Zf�{�¯� ½Zf�Y� Á� �d�|ÌÅZ»� ½Zf�Y�� ÃZ�¿Z»�¯ 
{�³����Z§�½Zf�Y��d�{Á�»µÁ|m��|¿|��É�ÁM � .(  

  
�µÁ|m�. Ê³�ËÁ�ÉZÅ��ª�ZÀ»�ÊËZÌ§Y�¤m{�³�ÁMÉ�¿Â¼¿È�dÌ ¼m��~]�¥ÓÂË�ÉZÅ�Ê�uÁ 

 Table 1. Geographic characteristics of the locations that the A. ludoviciana seeds were collected 
Sampling sites Mean temperature (˚c) Average annual precipiation (mm) Latitude Longitude Elevation(m) 

Qaemshahr 16.7 724.9 36˚28'32˚N 52˚49'18˚ E 42 
Marvdasht 18.6 313.4 29° 33' 41˚N 52° 36' 09˚ E 1593 
Kamyaran 12.8 502 34˚47.685'N 35˚54.531' E 1440 
Mahidasht 15.5 401.1 34˚16'86˚ N 46˚51'10 ˚ E 1287 

  
ZÅ�~]�d¯Za�½Á�{� ,½|���Ì¼e� �Y��a���{�É~£Z¯�ÉZÅ

�� ÃZ´�ËZ»�M�ÉZ»{�� -����{mÈ �ÂÌ�¸�� Ze� �¹Z´ÀÅ�
Ä]��ËZ»�M �c|»���|¿|��É�Y|Æ´¿�ÃZ» �Ê�uÁ�¥ÓÂË

�Är¸^À���{��~]�Ä��ÊÅZ³� Á�Á{{�Y{ (Morgan and 

Berrie, 1970)ˬ ��~]�ÃZ´ËZm�Á{��Y��ËZ»�M�¾ËY��{�Ä¯
ËZa� �~]�ÊÀÌ ±��]��e��� �~]� ÁÊËÓZ] ®qÂ¯��e� (Ä]��Â��

� �|�� Ã{Z¨f�Y� Ä¿Z³Y|m� Á{��ËZ»�MÄ]�c�Â� ¶Ë�Âf¯Z§ 
�{ \·Z« s�� ¶»Z¯ Ê§{Z�e Z] Ä� �Y�°e Ä]�c�Â��

Ä¿Z³Y|m Ë�®��Z]�Ë� Á� ��Âa� Z]� ÉZÅ�~]� �{®��Z]���{
����Âa�½Á|]�ÉZÅ�~]Y�mY�|� .¶»Z��ZÅ�ÃZ´ËZm�¶»Z� 

�~] )�~] ÊÀÌËZa ±��]��e�Á ��~]ÊËÓZ] ®qÂ¯��e(�Á Z»{ 
)�, ��, ��, ��, ��, �� Á ���m�{È �ÂÌ�¸� (

|¿{Â].��{ ÈÀÌ»� �¶»Z����Âa�Z¼·�,��Âa�½Á|]��~]��{
                                                                               
1. Seed coat 
2. Primary proximal seed 
3.Secondary distal seed 

� Y|m� ZÅ�~]� �Y�d�{���Âe� ZX·Za� Á|�|¿ (Beckie et 

al., 2000). �¹Á{��ËZ»�M��{�Ä¯�d�Y�É�ÁM{ZË�Ä]�¹�Ó
����Âa�Z]�ÉZÅ�~]�·{�Ä]Ì¶�É�fa�¾f§��¾Ì]��Y �Ë{-

¥ÓÂË� dÌ ¼m� ÉZÅ�~]� ÉZÅ�¾Ìu� ½Y�ZÌ»Z¯� Ê�uÁ
Ã{Y{� ,�ËZ»�M� �d�Y� Ã|�¿� Ã{�ÁM�dÌ ¼m�¾ËY�ÉZÅ��{

�M� ¾ËYÉ�fa� �Å� �{� �ËZ»�� �Ë{����ÉY�]� �~]� {|�
Ä¿YÂm���ËZ»�M� Ê¿�|� .ZÅ�~]��Ë{� É�fa� ½Á�{�ÉZÅ 

¶Ë�f�Y  � ��«� Ä]� ,{ÂÅ� �Ë�� �{� Ã|���Êf¿Z���Ä¯� �f»
� ,|¿{Â]� ¾¼eYÁ� Ê§Z�� ~£Z¯�±�]�®Ë� ÉÁZuÃ{Y{� �Y�«�

� �|¿|�ÃZ´¿M�É�fa� �Å� Ä] ��Ë{��Ê¸Ì»����¬»�[M� �fÌ·
�Ä§Z�Y|� Ä]��Â�É Ä¯ ZÅ�~] �Z¼e��{ f�»ºÌ¬ Z] [M 

� �|¿{Â]Ä]��Â�À»�É�fa� ,d]Â��� �¨u �Ë{�ZÅ ½Á�{ 
Ä�Ì¯�ÉZÅ Ê¿Â¸ËZ¿ �|¿|��É�Y|Æ´¿�¥Z¨� Ê§Z��~£Z¯ 
½Á�{ É�fa �Ë{�ZÅ �{ c�Â� ¹Á�· �{ Ê� ��ËZ»�M

[Â��» Ä´¿�Äf�Y{ |¿|�. ZÅ�~] �a �Y É�Ì³�Y�« �{ 

¥���ÉZÅ�Ä]�,Ä�Â]�» c|» Ã{�¿Za �Á� �{ ÉZÅZ»{ �{�Â»
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½Á�{� ��¿ �ÂeZÀÌ»��ZÅ �Y�« |Àf§�³.���{�ÊËZ»{� ½Z�Â¿

�Z]� �{� ZÅ�ÂeZÀÌ»��Ç �/� ±�m�{È �ÂÌ�¸����{Â]
�½Â»�M�{�Â»�ÉZÅZ»{Ä]�Ä¿Â³�YÉ��Ä¯�|¿|��[Zzf¿Y½Á�§Y�

�ÉZ»{��]ÄÀÌ¼¯�� ÁÄÀÌ�Ì]�f�³� ,Ç��ÉZÅZ»{� �Y�Ê^�ZÀ»
��Ë�ÄÀÌÆ]���Y��eÓZ]�ÁÄÀÌÆ]����Z¼���{�Z��ºÅY�§��Ì¿�Y�

ÉZÅ�~]�Ä¿YÂm ��Å�Ã{����Ã{Â]�d�Z��ÉY�]�Á É�Ì³Â¸m 
�Y Ê³{Â·M É�fa �Ë{�ÉZÅ�~]� ,ZÅ Ä¿YÂm Ã{� k�Zy 

�ZÌ »� �|¿|� Ä¿YÂm�,Ê¿� |ÅZ�»Ç ¾Ìf�z¿�Ä¿Z�¿��ÉZÅ
Ä�Ë�� kÁ�y�Äq )� ÊËZÅ�~]Z]�Ä�Ë�� µÂ��� Äq��� Ze��

Ê¸Ì»��f»(�{� , Äf§�³� ��¿ |� Beheshtian et al., 

2011)(. �½�ÁÈ¿Y{|� ÉZÅ�~]��ÈËZa±��]��e�� ÁÉZÅ�~] 
ÊËÓZ] qÂ¯®��e�Ã�Y|¿Y� ��Âa� ½Á|]� Á� Z]��|�� É�Ì³

�µÁ|m�� .(  

  
�µÁ|m�. ½�Á È¿Y{|� �ÊÀÌËZa�ÉZÅ�~]±��]��e��ÊËÓZ]�ÉZÅ�~]�Á®qÂ¯��e�¥ÓÂË�ZX·Za�Á�Z¼·�½Á|]�Á�Z]��½Á�{��Ë{Z¬»��Ê�uÁ

��f¿Y�a½Z�¿�|ÀÅ{�d�Y�{�Y|¿Zf�Y�ÉZ�y�Ç 
Table 2. 100-seed weight lower and upper seeds of A.ludoviciana with and without lemma and palea. The 

number in pranthecies is standard error.  
Avena ludoviciana population Seed position  Seed coat 

Mahidasht Kamyaran Marvdasht Qaemshahr  Lemma and Palea 

  100-Seed weight (g)(SE)      

        
1.7(0.03) 3.2(0.04) 2.68(0.7) 1.2 (0.02)  Primary With 
0.9(0.01) 2.2(0.01) 2.1(0.08) 0.8 (0.02) Secondary 
2.5(0.03) 3.65(0.04) 3.59(0.19) 1 (0.1)  Primary Without 

1.64(0.06) 2.45(0.08) 2.2(0.01) 0.6(0.07) Secondary 

  
�ÉY�]d�{�Ä]�Ä¿YÂm�d����x�Za�½{�ÁM��Ê¿�ÉZÅ�~]�

� Ä�� É|ÌWÂ¼´Ì�� �]Ze� ,¦¸fz»� ÉZÅZ»{� Ä]Ã�f»Y�Za 
)È�]Y� �Ã{Y{� Ä]� �����Âe� ��¿� {�Â»� ÉZÅ

¹�¿��Y�§YSigmaplot (Version, 11)  �Ã{Y{� ��Y�]
|�.(Piper et al., 1996)    

  
                                   (1)  

  

�{� Ä¯�½M  YÄ¿YÂm�Ê ¼ne� Ê¿�� ,a �ÉÓZ]� \¿Zn»
�½Z¼Å� ZË�ÊÀvÀ»¾Ë�f�Ì]�Ä¿YÂm�|��{�Ê¿�, X0 �½Z»�

� Ä]�½|Ì���ÉY�]� ¹�Ó���Ä¿YÂm�|��{�Á�Ê¿� b �\Ì�
� ZË�ÊÀvÀ»Ä¿YÂm�d�����Ê¿�Ä¿YÂm�x�Za���]Y�]� �{�Ê¿�

��Z»{d�Yd�����b��� Ä¿YÂm��Y�Ê¿��È�]Y�� �Ä^�Zv»
|Ë{�³ .(Piper et al., 1996)  

  
 )2(                              R50=1/x0 �d����Ä¿YÂm�¿�Ê(  

  
X0��d���Ä¿YÂm�¿�Ê�d�Y )et al., 2000 Benech-

Arnold(�Ä¯ Ä¿YÂm�d����¦Ì�Âe�ÉY�]Ê¿� )1/ X0= 

Rate( À»Y{� �]Y�]� �{È���]YÂe� �Y� ,�ËZ»�M� {�Â»� ÊËZ»{

Ä°eÁ{�ÉY )¸j»��Êj�|À¿Z»�½Y|¿{�ÁÄ]�c�Â���Ã{Z¨f�Y��Ë�
�|�  

{��]ZeÄ°eÁ�ÉY  
 
f(T)=(T - Tb) / (To - Tb)        if Tb< T ≤To     (3) 
f(T)=(Tc - T) / (Tc - To)                if To < T < Tc 
f(T)=0                                     if T ≤ Tb or T ≥ Tc 

  
�|À¿Z»�½Y|¿{��]Ze  

  
f(T)=(T - Tb) / (To1 - Tb)        if Tb< T ≤To1    (4) 
f(T)=(Tc - T) / (Tc - To)                 if To2 < T < Tc 
f(T)=0                                       if T ≤ Tb or T ≥ Tc 
f(T)=(1)                                         if To1 < T < To2 

  
� �]Ze� �{� Ä¯¸j»-Êj T �ËZ»�M� ÉZ»{,Tb  �ÉZ»{

ÄÀÌ¼¯,To  � ÉZ»{ÄÀÌÆ]�Á Tc � ÉZ»{ÄÀÌ�Ì] d�Y.�
ÊÀvÀ»�¾Ë�Ë��t�� Ä°eÁ{�YÉ )¸j»�¹ÂÆ¨»�Ä]��Êj�¦Ì�

Ä¿YÂm���~]�Ê¿�Ê»��Z¼��Ä]�|ËM .(Piper et al., 1996) 

ÉY�]�Ä¿YÂm�t���Ä]�Ê]ZÌf�{��]Y��µY�´f¿Y� �Y�Ê¿�È�
Ä°eÁ{�� ZË� ÉY¸j»�yZ�� �Y� �ÊÀvÀ»� �Ë�� t���� Êj 

Germination Coefficient �|��Ã{Z¨f�Y��Ë��\Ìe�e�Ä]  
  

Germination Coefficient = (Tc-Tb)× G max(to)      (5) 



  ½Y�ËY�Ê�Y���½ZÅZÌ³�¹Â¸��Á{�,Ç ���Z¼��,Ç ��,�½Zf�»�����  ���� 

 
G.C Ä¿YÂm� ÉY�]� Ê�yZ�� ZË� \Ë���À»Y{� �{� Ê¿�È�

� Ã|�� Ê���]� ÊËZ»{d�Y� ¾ËY� �{� �Ä�]Y� G max (to) 
¾Ë�f�Ì]�Ä¿YÂm��Ê¿�� Y��ÉZ»{� �{ÄÀÌÆ]Ê»�½Z�¿� ,���|Å{
ZÅ�f»Y�Za��¾ËY��{Ä�]Y��-¶»Z� G max ¾Ë�f�Ì]�ZË�Ä¿YÂm

� ÉZ»{� �{� Ê¿�Æ]ÄÀÌ, Tb � ÉZ»{ÄÀÌ¼¯�Á Tc �ÉZ»{
ÄÀÌ�Ì]�Á To �ÉZ»{ÄÀÌÆ] d�Y .  

  
hv]�Á�lËZf¿  

{�ÁM�] �f»Y�Za � Ä�� É|ÌWÂ¼´Ì�� �]Ze� ÉZÅ�f»Y�ZaÃ 

)È�]Y� �( Ä¿YÂm� d���� |¿Á�Ê¿���Á� ZÅZ»{� ÉY�]
dÌ ¼m¥ÓÂË�ÉZÅÊ�uÁ�Ê»�½Z�¿� Y�|Å{,���´¿ZÌ]�Ä¯

Ä¿YÂm�ÉÂ´·Y�cÁZ¨e�¾Ì]��{�Ê¿�dÌ ¼mZÅ�Á ZÅ�Z¼Ìe�É
�¦¸fz»d�Y.   

�yZ��Ä^�Zv»� ÉZÅ |�Ç�Ä¿YÂm�|¿{Y{� ½Z�¿� Ê¿�, 
ÉZÅ�~]�dÌ ¼m� ��Âa� ½Á|]� ±��] �¥ÓÂË��Ê�uÁ

ºWZ«�Ä]�½|Ì���ÉY�]�,�Æ����Ä¿YÂm�|��{�Ê¿� )X0(���{
È¼Å�� Ä]� �ZÌ¿� ZÅZ»{�f�Ì]� �{�½Z»��¾Ë�ËZ�� Z]� Ä�ËZ¬»�

dÌ ¼m��µÁ|m��d�Y{�Y��ZÅ� .(  
  

Table 3. Parameter estimates of sigmoid function fitted to cumulative germination of primary seed 
without lemma and palea A.ludoviciana against thermal time. (SE is standard error).  

R2 adj a±SE b±SE X0±SE Population Temperature (◦c) 
0.93 32.09±1.61 7.64±1.26 300.19±2.2 Qaemshahr  
0.98 99.91±0.77 7.35±0.72 55.67±0.98 Marvdasht 5 
0.93 98.44±1.67 6.25±2 66.68±2.13 Kamyaran  
0.88 100±2.46 17.55±3.27 77.43±3.84 Mahidasht  
0.82 57.34±4.18 21.76±6.59 213.38±7.83 Qaemshahr  
0.94 99.45±1.19 8.61±1.09 35.2±1.3 Marvdasht 10 
0.99 99.48±0.3 3.83±1.2 43.96±1.27 Kamyaran  
0.92 100±1.89 19.61±2.61 73.12±3.13 Mahidasht  
0.95 80.97±1.79 24.87±2.84 143.05±3.33 Qaemshahr  
0.96 100±0.99 8.44±0.82 31.71±1.56 Marvdasht 15 
0.98 99.87±0.51 5.63±0.57 29.94±0.76 Kamyaran  
0.97 96.72±0.89 8.45±0.98 53.97±1.13 Mahidasht  
0.87 59.27±2.62 25.74±4.86 118.1±5.71 Qaemshahr  
0.99 100±0.24 4.58±0.2 22.84±0.15 Marvdasht 20 
0.99 100±0.34 3.58±0.29 12.62±0.18 Kamyaran  
0.88 90.33±2.56 33.66±3.56 89.38±5.49 Mahidasht  
0.92 43.13±1.08 35.03±3.87 110.4±4.68 Qaemshahr  
0.97 99.82±0.58 5.88±0.39 17.56±0.45 Marvdasht 25 
0.99 99.74±0.18 2.72±0.24 12.27±0.07 Kamyaran  
0.88 72.5±3.95 54.42±8.28 132.07±10.75 Mahidasht  
0.95 94.44±1.06 8.44±0.93 35.87±0.74 Marvdasht 30 
0.99 99.67±0.18 2.25±0.42 12.1±0.06 Kamyaran  
0.98 93.6±0.58 10.41±0.64 36.2±1.47 Marvdasht 35 
0.99 97.46±0.33 2.4±0.64 12.24±0.14 Kamyaran  

a: upper asymptote                       b: slope of curve                   x0: GDD to reach the %50 cumulative emergence  

  
Ä¿YÂm�|��{�dÌ ¼m�Ê¿��¥ÓÂË�ÉZÅ��{�Ê�uÁ��¦Ì�

�ÉZÅZ»{���Ze���m�{È �ÂÌ�¸����Y����Ze����|��{
¥ÓÂË�dÌ ¼m� Ä]� Äf�]��¾ËY� Ä¯� ,{Â]�cÁZ¨f»� Ê�uÁ
¥ÓÂË�dÌ ¼m� �{�½Y�Ì»�ºWZ«�Ê�uÁ�¾Ì]� �Æ�����Ze

����µÁ|m�� {Â]� |��{��ÉZ»{� Á{� �{� Á� ����� Á���
m�{È �ÂÌ�¸��Ä¿YÂm� |��{��dÌ ¼m� ¾ËY� �{� Ê¿�

Ã{Y{�� {Â]� �ÌqZ¿�Y� Ã|�¿� Ã{Y{� ½Z�¿� ZÅ�d.���Y
¶»Z��ÉZÅ�Ä¿YÂm�|��{��]��Y~³�ÌiPe���~]�½�Á�,�~]�Ê¿�
d�Y .�ÌiPe�Ä¿YÂm� x�Za� �]� �~]� Ç�Y|¿Y��Ä]� Ê´f�]� Ê¿�

�dÌ ¼m�Á�Ä¿Â³�{�Y{��~](Escudero et al., 2000).   
Ê´f�^¼Å d^j» Á ÊÀ »�É�Y{ ¾Ì] �~]� ½�Á Á 

|��{ Ä¿YÂm�Ê¿� {ÂmÁ� ½M {�Y{(Jorge and Ray, 

������.KDQ�����4) . dÌ ¼m�¥ÓÂË�ºWZ«�Ê�uÁ��Æ�
�f¼¯� ¾Ë½Y�Ì»��½�Á�� ��Âa� ½Á|]� ±��]� �~]� ½�Á

Ä¿Y{|� ��� Z]� Ä�ËZ¬»� �{� Y�� �¹�³�´Ë{�dÌ ¼m��ÉZÅ
¥ÓÂË�� µÁ|m��d�Y{�Ê�uÁ�0ÓZ¼fuY� �����ÅZ¯�¾ËY

Ä¿YÂm�|��{��{�¥ÓÂË�dÌ ¼m�Ê¿���d�Y�¾°¼»�Ê�uÁ
Ä¿Y{�½�Á� �Y�Ê�Z¿��|�Z]�3ULHVWOH\�� ����� Baskin 

and BaskiQ�� ������ %UDGIRUG� DQG� 1RQRJDNL��
2007). 

� �{� ,½Y�ZÌ»Z¯�dÌ ¼m� �{È¼Å��� ZÅZ»{Ä]�LZÀjf�Y 
��� Á���m�{È �ÂÌ�¸� (�f¼¯�ÉY�]� Y�� ½Z»�� ¾Ë

� Ä]�½|Ì�����Ä¿YÂm�|��{�� Z]� Ä�ËZ¬»� �{�Ê¿��´Ë{�
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dÌ ¼m�¥ÓÂË� ÉZÅ��|��{� �{�¯� É�b�� Ê�uÁ
Ä¿YÂm�� Ê¿�ÉZÅ�~]��dÌ ¼m� ��Âa� ½Á|]� ±��]
¥ÓÂË�»Z¯�Ê�uÁ�\Ë����½Y�ZÌa�¾Ì]� ����� Ze����

�µÁ|m��{Â]�|��{��½ZËZ�����¯}��½�Á�Ä¯�d�Y|� 
¿Y{È��� dÌ ¼m� ¾ËY��/��� �Y� �f�Ì]� �¹�³�´Ë{�

dÌ ¼m�¥ÓÂË� ÉZÅ�� µÁ|m�� {Â]� Ê�uÁ� .(�|ËZ�
Ä¿YÂm�¶ËÓ{� �Y�Ê°Ë�½YÂf]�Y��dÌ ¼m�¾ËY� �f�Ì]�Ê¿�

� �{È¼Å���´Ë{� Z]� Ä�ËZ¬»� �{� Ê���]� {�Â»� ÉZÅZ»{
dÌ ¼m�ÓÂË�ÉZÅ¥�Ã�Y|¿Y�Ze�,Ê�uÁ�½�Á�Ä]�ÉYÉZÅ�~]�

��d�¿Y{��^e�»�dÌ ¼m�¾ËY& (1994) Rosenzweig 

(1997) Downing et al. ,Parry� ,�{�lËZf¿�eZ¬Ì¬veÊ�
Äf�Y{� �ZÆ�Y��ÌÌ¤e� Ä¯� |¿YÉ�Ë~a�� ½�Á� �Å� �~]�Z]�ÊÅZÌ³

|���¶�§�µÂ���½M��^e�»d�Y��É{ZË��|u�Ze��~]�½�Á�Á
�¾ÌÌ e�É�{Z»�ÃZÌ³�Ê�Ìv»��ËY���Z]Ê» {Â� )Winn, 

������ )HQQHU�� ������ :ROIH�� ����(�½ZÅZÌ³� �
É�{Z» ¥ÓÂË�dÌ ¼m�]�,½Y�ZÌ»Z¯�Ê�uÁ�Ä¾ÌËZa�¶Ì·{ �

�� Z»{� ½{Â]�/���m�{È �ÂÌ�¸�( �Ä¬�À»� ¾ËY� �{
� µÁ|m��Ê¿ÓÂ�� |��� ¶�§� ��� Á� Ã|¿Y�~³� Y�� É�e��{

nÌf¿Ä �~]�� ½�Á� Z]� ÊËZÅ�f�Ì]� ÉÄ]�d�{�Ã|»M���d�Y
�Z£M Ä¿YÂm�Ê¿� Ë� dÌ ¼m¥ÓÂ�� �Y� ½Y�ZÌ»Z¯� Ê�uÁ��
m�{È �ÂÌ�¸��{Â]� Ã�ÉZÅZ»{� �{� Á���� Ze���m�{È 

�ÂÌ�¸���Ä]½Y�Ì»�¾Ë�f�Ì]��|Ì���{ÂyÁ��¾Ì]�Á{�¾ËY
�Z»{�ÉZ»{���-������ÂÌ�Z��Äm�{Ä¿YÂm�|��{��{ -

e�Ê¿��É�ÌÌ¤|�¿�¶�Zu. ��YYË¾�Á���Z»{�Á{�¾ËYÄ]�½YÂÀ��
�ÉZÅZ»{�ÄÀÌÆ]¥ÓÂË�dÌ ¼m����¿��{�,½Y�ZÌ»Z¯�Ê�uÁ

³Ä¿YÂm�½M� �Y��a� �|��Äf§���ÉZ»{� �{�Ê¿����m�{È 
�ÂÌ�¸��� µÁ|m�� |�� ¦«Âf»�.( ÉZÅ�~]��±��]

� ��Âa� ½Á|]¥ÓÂË� dÌ ¼m�� Ê�uÁd�{Á�»��Z]
��Y�Z»{��ËY�§Y���Ze����ÉZ»{�ÄÀÌÆ]m�{��È �ÂÌ�¸��

�½Z»�� Y��É�f¼¯�Ä]�½|Ì���ÉY�]���Ä¿YÂm�|��{�Ê¿��
�Z]�Ä�ËZ¬»��{��Á~]d�|ÌÅZ»�dÌ ¼m, f�Y{��ZÌ¿|À.   

Table 4. Parameter estimates of sigmoidfunction fitted to cumulative germination of secondary seed 
without lemma and palea A.ludoviciana against thermal time. (SE is standard error).  

R2adj a±SE b±SE X0±SE Population Temperature (◦c) 
0.97 94±1.08 19.16±1.57 81.54±1.86 Marvdasht  
0.93 92.18±1.67 14.16±2.24 78.65±2.59 Kamyaran 5 
0.91 40.15±5.42 40.24±6.56 187.22±8.69 Mahidasht  
0.86 41.59±2.64 19.06±4.99 231.18±5.97 Qaemshahr  
0.94 89.87±1.37 11.65±1.77 54.25±2.1 Marvdasht 10 
0.92 93.07±1.71 18.05±2.47 64.17±2.99 Kamyaran  
0.92 50.36±2.18 40.67±6.12 121.37±7.89 Mahidasht  
0.94 50.07±1.4 28.87±3.39 167.1±4.04 Qaemshahr  
0.97 95.33±0.79 6.75±0.82 41.33±1.06 Marvdasht 15 
0.97 91.89±0.77 5.6±0.57 36.69±1.25 Kamyaran  
0.88 59.59±2.5 17.59±5.76 81.53±6.57 Mahidasht  
0.91 56.14±2.49 39.12±5.32 175.14±6.81 Qaemshahr  
0.97 94.02±1.07 9.89±1.11 31.3±1.5 Marvdasht 20 
0.98 94.47±0.5 4.61±0.31 15.2±0.36 Kamyaran  
0.88 92.66±3.43 37.76±6.63 74.06±7.64 Mahidasht  
0.82 35.63±1.68 28.85±6.9 111.29±8.21 Qaemshahr  
0.97 91.83±0.71 8.88±0.66 36.24±1.01 Marvdasht 25 
0.9 87.38±1.05 3.01±1.23 12.9±0.64 Kamyaran  

0.87 66.77±1.9 28.15±4.17 60.97±4.92 Marvdasht  
0.99 94.91±1.14 3.43±1.02 12.95±0.66 Kamyaran 30 
0.98 59.7±1.57 20.78±4.01 69.14±5.02 Marvdasht  
0.99 97.44±0.67 5.05±0.43 15.31±0.49 Kamyaran 35 

a: upper asymptote                            b: slope of curve                     x0: GDD to reach the %50 cumulative emergence 
  

  

Ê¿ÓÂ�� Ä]� ½|Ì��� ÉY�]� ½Z»�� ¾Ë�e����|��{
Ä¿YÂmÄ]� ,Ê¿� ÉZÅ�~]�m���Âa�½Á|]�®qÂ¯�dÌ ¼
ºWZ«�Æ���d�Y{� ª¸ e � �{È¼Å�� ZÅZ»{� �Ì¿�|��{
Ä¿YÂm�ºWZ«�dÌ ¼m�Ê¿�� �Y� �Æ��´Ë{�dÌ ¼mZÅ �f¼¯�

�{Â]�ÁZ»{��{ZÅÉ �, ����Á���m�{È �ÂÌ�¸� �½Y�Ì»
Ä¿YÂm��Ê¿���ZÌ�]�ÌqZ¿��f¼¯����Y��|��{( �|��{��{Â]
Ä¿YÂmÉZÅ�~]� �{�Ê¿�����Âa� ½Á|]�®qÂ¯�dÌ ¼m

ºWZ«��Y��a�d�|ÌÅZ»��Ì¿��Æ��{Â]�½Y�Ì»�¾Ë�f¼¯��{
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� µÁ|m��(.�ÉZÅ�~]�� ��Âa� ½Á|]� ®qÂ¯�dÌ ¼m
½Y�ZÌ»Z¯��ÊÀÌËZa� ÉZÅ�~]� |À¿Z¼Å�¼Å� �{� ,È��ZÅZ»{

)Ä]�LZÀjf�Y�� ÉZ»{���m�{È �ÂÌ�¸� (��Ë���e���Y
dÌ ¼m��´Ë{�ZÅ�Ä]���Ä¿YÂm�|��{��Ê¿�|Ì�����{�Ä¯

�ËZ¬»È�� Z]�ÉZÅ�~]���Âa�½Á|]�±��]�¾ËY�,dÌ ¼m
�ÉZ»{ÈÀÌ¼¯��½M�f¼¯ �ÉZ»{� ÁÄÀÌ�Ì]�Y� ��ËY�§Y�Á

|���«YÁ�±��]� �~]� Ç{Á|v»� �{� �Ì¿�½M� ÈÀÌÆ]�ÉZ»{�
µÁ|m� �.(  

 ¶»Z�� �Y� Ê°Ë� Z»{��¾ÌÌ e� �{� Ê�Ìv»� ºÆ»� ÉZÅ
Ä¿YÂm�dÌ¬§Â»ÄrÅZÌ³� ÈÌ·ÁY� |��� Á� �~]� Ê¿�� ZÅd�Y�

Ä¿YÂm�d����Á�dÌ§����]�Ä¯� �~]�Ê¿���iY�d�Y� �Y~³

(Shafii and Price, 2001). ÉZÅ�~]�½Á|]� ±��]�
dÌ ¼m� ��Âa¥ÓÂË� ÉZÅÄ¿YÂm� ,Ê�uÁ�Ê¿�

Ã{�f�³� Ä]� d^�¿� É�eÉZÅ�~]���|Àf�Y{� ®qÂ¯
µZ¼fuY�{�Y{�Ä¿YÂm�d����Á�½Y�Ì»�Ê¿�ÉZÅ�~]��½Á|]

�~]�ÃZ´ËZm�Á�Z»{��ÌiPe�dve���Âa�f§�³��Y�«�Z]�Ä|À 
.(Greipsson and Davy, 1995) �ÊËÓZ]� ÉZÅ�~]

¶³�}MË¾�Ê»�¶Ì°�e��ÌyPe� Z]� Ä°ÀËY�¶Ì·{�Ä]��{YÂ»�|¿Â
Ã�Ìy}� ÉY�f¼¯�d�Y� ¾°¼»� �»Y� ¾ËY� Ä¯� |¿�Y{� ºÅ� É

Ä¿YÂm�|��{��ÅZ¯�Ä]��nÀ»Ê¿��½M��~]��{ZÅ�|�Z]�Ã|� 
(Adkins et al���������0RUJDQ�DQG�%HUULH�������.  

  

  
 

Figure 1. Germination rate of lower and upper seeds of A. ludoviciana without lemma and palea against 
temperature.  

 

���Âa� Z]�±��]�ÉZÅ�~]dÌ ¼m�¥ÓÂË�Ê�uÁºWZ«-

�Æ������Âa�½Á|]�®qÂ¯�Á�±��]�ÉZÅ�~]�|À¿Z¼Å�
� Ä]� ½|Ì��� ÉY�]���Ä¿YÂm� |��{Ê¿ÓÂ�� Ê¿��¾Ë�e

Ä¿YÂm�|��{�¾Ë�f¼¯�Á�½Z»���´Ë{�Z]�Ä�ËZ¬»��{�Y��Ê¿�
dÌ ¼m�|Àf�Y{�ZÅ�µÁ|m��.( Ä¿YÂm�|��{�¾Ë�f�Ì] -

� Á� Ê¿��f¼¯�� ¾Ë� Ä]� ½|Ì��� ÉY�]� ½Z»���|��{ 
½Y�Ì»�Ä¿YÂmºWZ«�dÌ ¼m� �{�Ê¿���{�\Ìe�e� Ä]� ,�Æ�

�ÉZ»{� Á{���� Á���m�{È �ÂÌ�¸��� ½Y�Ì»� Ä]���

�Á�|��{����dÌ ¼m��{Â]�d�Z�d�|ÌÅZ»���Ì¿�a�
ºWZ«�dÌ ¼m� �Y� �Æ��f¼¯Ä¿YÂm�|��{�¾Ë��{� Y��Ê¿�

È¼Å���Ê���]� {�Â»�ÉZÅZ»{Ä]�ZÀjf�YÉ��ÉZ»{����Á
���m�{È Ì�¸��Â�dÌ ¼m� �|�� Ä�uÔ»� �

d�{Á�»��ÉZ»{�Á{��{����Á���m�{È �ÂÌ�¸���Ä]
Ä¿YÂm� |��{� ¾Ë�f�Ì]� \Ìe�e�� Ê¿�����Á� �|��{

�� d���� ¾Ë�eÓZ]���� Ä]� ½|Ì��� �{� �d�Z����
Ä¿YÂm�|��{��d�Y{�Y��Ê¿��µÁ|m�.(  
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Table 5. Parameter estimates of sigmoid function fitted to cumulative germination of primary seed with 
lemma and palea A.ludoviciana against thermal time. (SE is standard error).  

R2adj a±SE  b±SE   X0±SE Population Temperature (◦c)  
0.95 79.19±2.14 20.11±2.96 169.4±3.45 Marvdasht  
0.88 17.14±1.09 22.17±6.52 192.11±7.69 Mahidasht 5 
0.82 47.9±6.99 37.09±9.98 247.15±16.08 Qaemshahr  
0.82 77.33±3.33 22.66±5.62 129.6±6.55 Marvdasht 10 
0.94 32.31±0.89 18.45±3.07 159.27±3.57 Mahidasht  
0.86 57.1±2.4 15.78±4.71 137.71±5.43 Qaemshahr  
0.97 86.79±1.1 10.59±1.41 91.65±1.53 Marvdasht 15 
0.97 64.07±2.93 23.23±6.36 107.63±7.45 Mahidasht  
0.86 25.45±0.83 14.06±3.97 80.07±4.62 Qaemshahr  
0.96 97.09±1.07 16.32±1.42 53.21±1.75 Marvdasht 20 
0.88 53.18±2.79 25.09±7.66 94.56±8.12 Mahidasht  
0.87 18.62±0.72 11.09±3.79 138.08±4.35 Qaemshahr  
0.88 33.98±1.38 23.54±5.27 136.45±6.15 Marvdasht 25 
0.88 51.09±3.95 20.9±3.28 73.4±7.75 Mahidasht  
0.88 44.69±1.28 20.94±4.05 75.53±4.86 Qaemshahr  
0.86 70.28±2.02 12.76±3.43 51.76±4.09 Marvdasht 30 
0.88 48.96±1.97 16.57±5.16 52.25±5.4 Mahidasht  
0.93 23.33±0.69 3.28±0.9 114.11±17.97 Qaemshah  

0.96 41.64±0.88 18.5±2.84 85.53±3.32 Marvdasht 35 
0.88 46.7±1.49 8.01±3.12 55.24±3.98 Mahidasht  

a: upper asymptote                            b: slope of curve                      x0: GDD to reach the %50 cumulative emergence  

  
Z»{�Ä¿YÂm�dÌ¬§Â»��¾ÌÌ e�Y��ÄrÅZÌ³�Ê¿��Ã{�¯��]�Á
½Y�Ì»�Ä¿YÂm�d���� Á��Ê¿�� �~]Ã|ÀÀ¯�¾ÌÌ e��¬¿ÉY 

{{�Y .(Bewley and Black, 1986) dÌ ¼m�\¸£Y�ÉZÅ
¦¸��ZÅÉ���Å�Ä¿YÂm� ÉZÅ�ZÌ¿� �{��´Ë|°Ë� Z]� Ê¿�

cÁZ¨f»|¿Y (Bhagirath and David, 2008).   
� lËZf¿� |À¿Z¼Å{ZË�� �{� Ã|ÉZÅ�~]�¥ÓÂË�dÌ ¼m-

ºWZ«� Ê�uÁ�dÌ ¼m�¾ËY���Âa� Z]�®qÂ¯� �~]� ,�Æ�
�Ä]�½|Ì���ÉY�]� �Ì¿���Ä¿YÂm�|��{Ê¿ÓÂ��Ê¿��¾Ë�e

� �{� Y�� ½Z»�È¼Å��Z]� Ä�ËZ¬»� �{� Ê���]� {�Â»� ÉZÅZ»{
�´Ë{�dÌ ¼m�µÁ|m��d�Y{��ZÌ¿�ZÅ��|��{�¾Ë�f�Ì]���
Ä¿YÂm� ÉZ»{� �{� dÌ ¼m� ¾ËY� �~]� Ê¿����m�{È 

�ÂÌ�¸��]�½Y�Ì»�Ä�����{Â]�|��{�d�|ÌÅZ»�dÌ ¼m
ºWZ«�dÌ ¼m��Y��a��Ì¿��Âa�Z]�®qÂ¯��~]��{��Æ�,�

� Ä]� ½|Ì���ÉY�]� Y��d����¾Ë�e|À¯���|��{��½Y�Ì»
Ä¿YÂm�dÌ ¼m� ��Âa� Z]� ®qÂ¯� �~]� �d�Y{� Ê¿�

� ÉZ»{� �{� Ä¯� {Â]� ÊfÌ ¼m� ZÆÀe� d�|ÌÅZ»���m�{È 
�ÂÌ�¸��Ä¿YÂm� Z]�µ{Z »�½Y�Ì»�¾ËY�Ä¯�d�Y{�Ê¿����

�{{Â]�|�.���{ÉZÅ�~]��|��{�¾Ë�f�Ì]�®qÂ¯���Âa�Z]
Ä¿YÂm�½Y�Ì»� Z]�Ê¿������{�d�{Á�»�dÌ ¼m�Ä]�|��{
�ÉZ»{����Èm�{�ÂÌ�¸���µÁ|m��d�Y{�ª¸ e�(.   

  
Table 6. Parameter estimates of sigmoid function fitted to cumulative germination of secondary seed with 

lemma and palea A.ludoviciana against thermal time. (SE is standard error).  
R2 adj a±SE b±SE X0±SE Population Temperature (◦c) 
0.81 1.95±19.41 6.48±19.71 8.1±255.17 Marvdasht 5 
0.91 24.88±1.65 16.29±3.51 250.27±4.23 Qaemshahr  
0.81 4.44±74.65 7.34±24.4 8.6±152.73  Marvdasht 10 
0.85 2.4±29.07 9.71±43.33 14.07±206.5 Mahidasht  
0.89 25.43±0.85 12.72±3.23 167.55±3.58 Qaemshahr  
0.88 47.24±1.35 16.75±3.58 104.9±4.14 Marvdasht 15 
0.82 26.5±1.69 31.98±7.25 161.39±8.75 Mahidasht  
0.87 34.92±0.89 9.55±2.25 106.6±3.01 Qaemshahr  
0.94 27.17±0.55 7.35±2.58 44.53±2.26 Marvdasht 20 
0.84 30.13±0.93 26.41±5.44 73.97±5.44 Mahidasht  
0.92 29.21±0.86 16.29±1.87 111.1±5.68 Qaemshahr  
0.85 26.1±1.23 12±3.22 57.79±4.15 Marvdasht 25 
0.84 36.25±1.83 21.67±3.44 63.72±3.23 Mahidasht  
0.85 23.5±0.83 23.03±4.81 115.56±5.61 Qaemshahr  
0.89 27.01±0.88 16.65±4.32 71.06±5.1 Marvdasht 30 
0.96 46.37±0.76 16.93±2.13 53.47±2.64 Mahidasht  
0.91 60.03±1.47 14.52±2.99 49.25±3.69 Mahidasht 35 

a: upper asymptote                        b: slope of curve                        x0: GDD to reach the %50 cumulative emergence 
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Ä¿Â³�\¸£Y��{�Y�³�0Z�Â�y�,ZÅÃZ´ËZm�,ZÅ �~] |��{��] 
Á d��� Ä¿YÂm�d�Y��iR»�Ê¿� .(Wang et al., 2010)���{

{YÂ¿ZyÇ�ÄÀÌ»Y�³�Ä¿YÂm��{��ÂÀe�,ZÅ���Y�Ê�Z¿�\¸£Y��~]�Ê¿�
d�Y�Är¸^À���{��~]�ÃZ´ËZm (Gosling et al�������� 

Schwendiman and Shands, 1943). Ä¿YÂm��ÂÀe��Ê¿�
À�� �{¥ÓÂË� ÉY�]� Är¸^ )Schwendiman and 

Shands, 1943(, ¾¼q (Phaneendranath et al., 

1978) l¿�]�Á (Sugawara,  1959)�d�Y�Ã|��s��»

Ä¿YÂm� Ê���]� ¾ËY� �{� Ä¯��ÉÓZ]� ÉZÅ�~]� �{� Ê¿�
� d�Y� ½M� ¾ÌËZa� �Y� �f�Ì]� Är¸^À� �Ê��Y�³� �{� Z»Y

�{� Ä¯� d�Y� Ã|»M� �´Ë{ Aegilops (Maranon, 

1987)� ˬAgrostis Gonzalez-Rabanal et al., 

1994 -  �ÁAvena (Salimi and Ghorbanli, 2001), 
ÊÀÌËZa� �~]�� Är¸^À�� �{±��]��e�Ä¿YÂm� Á� Ã{Â]��Ê¿�

�Ä]�d^�¿�É�f�Ì]�~]��Á�ÊËÓZ]®qÂ¯��e ��{�Y{  

 
 

  
Figure 2- Germination rate of lower and upper seeds of A. ludoviciana with lemma and palea against 

temperature.  
  

� �{d·Zu� Á� Ã�Y|¿Y� ¾Ì]��Á� ±��]�� �~]� ¦¸fz»� ÉZÅ
�Ä]�ÄÀÌ¼¯�ÉZ»{�¾Ë�f¼¯� ,���Âa�½Á|]� Á� Z]�®qÂ¯

ÉZÅ�~]�ºWZ«� dÌ ¼m� ��Âa� ½Á|]� ±��]�Æ���Z]
�½Y�Ì»�/����Y��e{Á��Ä¯�d�Y{�ª¸ e��ÂÌ�¸��Èm�{

d·Zu� �´Ë{�Ä¿YÂm� Ä]� �Z£M� dÌ ¼m� ¾ËY� �~]� ÉZÅ�Ê¿�
� µÁ|m�� {�¯�(. �{�lËZf¿��Ã|�� Ã{Y{� ½Z�¿� Ê���]

d�Y,�¥ÓÂË� Èf�Âa� �Y� Ã|�Y|m� �~]� È¿Â³�Ê�uÁA. 

fatua Ä]�¿Z�MÊ�Ã{�f�³�¦Ì���{Ê»�Ä¿YÂm�Z»{��Y�ÉY-

�|¿�(Corbineau et al., 1986, 1993). �Á�Z¼·�¾ÌÀr¼Å

¥ÓÂË� �{� �Ì¿� ZX·Za� Ê�uÁA. fatua �ÉÁZu
É�Ì³Â¸m�Ã|ÀÀ¯Ä¿YÂm�ÉZÅÊ¿�|¿Y(Chen et al., 1982) ��Á

µ{Z^e� dË{Á|v»� �{�ÉZÅ��Ä»|À³� d¼�� Ä]� É�Z³
|¿�Y{�Ê¼Æ»��¬¿���aÂË�Z¯� (Hay and Cumming, 

1959). ��{�¥ÓÂËfatua A.�,ÊÀÌËZa��~]�Ä¿YÂm��Ê¿�
ÓZ]�{�Y{� Z»Y� ,�~]�� ÊËÓZ]½Á|]�Ä¿YÂm��Á� Ã{Â]� Ê¿�

[YÂy Ê°Ë�Â·ÂË�Ì§� {�Y{.(Raju and Ramaswamy, 

1983)    
                                                                               
1. Physiological dormancy 
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ºWZ«� dÌ ¼m� �{{� �Æ�� ÉZ»ÈÀÌÆ] ZÅ�~]��ºÅ� Z]

�ÉZ»{�Ä°ÀËY�ÄmÂe�\·Zm�Á�|¿�]Y�]ÈÀÌ�Ì]��Z]�ÊËÓZ]��~]
��Y��Ì]���Âa�´Ë{ ZÅ�~]��d�Ye�Z^��Ä]Ê���{��~]�¾ËY

� ¦Ì�Ã{�f�³Z»{� �Y� É�e� ,Z]�Ä¿YÂm� \Ë��Ê¿� )GC( 
��/�,�Ä¿YÂm�µÁ|m��{�Y{�Ê¿��.(  

  
  

Table 7. Table 6-Parameter estimates for germination of A.ludovician primary and secondary seeds with and without 
lemma and palea. The number in pranthecies is standard error. 

Tb±(SE) To±(SE) Tc±(SE) G.max R2 G.C Seed Glumes Populations 
0.5±(0.019) 25±(0.55) 30±(0.41) 0.009 0.95 0.26 Primary Without  

5±(0.09) 25±(0.4) 30±(0.9) 0.008 0.92 0.2 Secondary Qaemshahr 
5±(0.07) 25±(0.31) 30±(0.92) 0.012 0.95 0.3 Primary With 
5±(0.09) 25±(0.48) 41±(0.46) 0.009 0.87 0.32 Secondary  
1±(0.05) 20±(0.41) 35±(0.41) 40±(0.9) 0.0826 0.89 3.19 Primary Without 

 0.1±(0.01) 30±(0.6) 45±(1.2) 0.077 0.88 3.45 Secondary Kamyaran 
0.1±(0.01) 30±(0.62) 45±(0.81) 0.0191 0.91 0.85 Primary Without  
4±(0.05) 35±(0.92) 40±(0.6) 0.0203 0.96 0.72 Secondary Mahidasht 

0.1±(0.03) 15±(0.3) 30±(0.65) 0.018 0.81 0.53 Primary With 
1±(0.02) 20±(0.6) 25±(0.3) 0.014 0.92 0.33 Secondary  

0.1±(0.01) 25±(0.4) 43±(0.4) 0.0569 0.96 2.44 Primary Without  
0.1±(0.01) 20±(0.45) 37±(0.52) 0.0319 0.82 1.17 Secondary Marvdasht 
0.1±(0.02) 21±(0.6) 40.5±(0.6) 0.018 0.81 0.72 Primary With 
1±(0.03) 20±(0.7) 45±(0.7) 0.022 0.82 0.96 Secondary  

Tb: Temperature base     To: Temperature optimum      Tc: Temperature cilling        G.C: Germination Coefficient          G.max: Maximum germination  

  
� �{Ê�Y�³�½Âq Eremopyrum distans �Á� |��{

Ä¿YÂm�d���{�Ê¿��ÊËÓZ]��~]���Á®qÂ¯��e�ÈËZa��~]��Y�,
±��]��e�{Â]��f�Ì] .(Venable and Levin, 1985)���{

¥ÓÂË�dÌ ¼m��d�{Á�»�Ê�uÁÉZÅ�~]����Âa�½Á|]
)±��]��e�� Á®qÂ¯��e(�� ¦Ì�� �{Ã{�f�³Z»{� �Y� É�e 

�Ä]�d^�¿ÉZÅ�~]����Âa�Z]�®qÂ¯�Á�±��]Ä¿YÂmÊ¿��
Ä¿YÂm� \Ë��� ½Y�Ì»� Ä¯� |Àf�Y{Ê¿� ½M{Z »� ZÅ�Z]� µ

��/��� Á��/� � Ä]� \Ìe�e�®qÂ¯� Á�±��]� �~]� ÉY�]
� Á� ��Âa� ½Á|]��/��� Á��/���Á� ±��]� �~]� ÉY�]

�{Â]���Âa�Z]�®qÂ¯ Ä¿YÂm�¦Ì��¾ËY�ÉZÅ�~]��{�Ê¿�
�dÌ ¼m��{���Âa�Z]�ÉZÅ�~]�Ä]�d^�¿���Âa�½Á|]

¥ÓÂË�|��Ã|ÅZ�»��Ì¿�d�|ÌÅZ»�Ê�uÁ�µÁ|m��( .  
Ä] � \Ìe�edÌ ¼m� �{�{Á�»� ,½Y�ZÌ»Z¯� ÉZÅ�Á� d

�d�|ÌÅZ»ÉZÅ�~]�Z]�\Ìe�e� Ä]���Âa�½Á|]�±��]�
Ä¿YÂm�\Ë��Ê¿� ��/��,��/���Á��/� Ä¿YÂm�¦Ì� -

Ã{�f�³�Ê¿��½Á|]�®qÂ¯�ÉZÅ�~]�Ä]�d^�¿�Y��É�e
� µÁ|m�� |¿{Y{��Z�fyY� {Ây� Ä]���Âa�¶»Z�� �� 

��Âa Ä¯� �ZX·Za� Á� Z¼·� Ä] �Á� Ê°Ì¿Z°» �Y 
Ä¿YÂm�Ê¿� �~] ¥ÓÂË�É�Ì³Â¸m� Ê�uÁ Ê»�|À¯ Á 

ÓÈË ½Á�Â·M {ÂmÂ» �{ È»|À³ Z]� ,Ê�uÁ� ¥ÓÂË 
�ÅZ¯ µZ¬f¿Y [M Á �{ ÄnÌf¿ Ê]ZÌf�{ �f¼¯ ½ZËÁ� 

Ä] [M ÉY�] ,|�� h�Z] Ä¿YÂm� �ÅZ¯�Ê¿� �½M
Ê»�{Â� (Salimi and Ghorbanli, 2001) .¥~u 

Ã�{Âm��Y�¹�b�Á|¿M )Koch Hordeum spontaneum( ��Ì¿
Ä¿YÂm��Ë��e�Ä]��nÀ»�|��½M�Ê¿� )Yan et al., 2012( .

�Y�³� �{� ÊËZÅ|À¿Z» Paspalum publiform, 

p.notatum, p.floridanum, p.dilatatum �¥~u� �Ì¿
Ä¿YÂm�Ä]��nÀ»���Âa�|���~]�Ê¿�(Andersen, 1953) . 

� ¾ËY� Äf^·Y� �»YdË{Á|v»� ¥~u� d�Y� ¾°¼»��ÉZÅ
Ä¿YÂm�ÉY�]�Ê°Ì¿Z°»�� �~]�Ê¿�Ä]� Y�� ÃY�¼Å� Äf�Y{|�Z] 

(Gutterman and Nevo, 1994). �ËZ»�M��{��c�Â��ÉZÅ
�Y� È¿Â³� ¾ËY� ÉÁ�� Äf§�³�¥ÓÂË�Ê�uÁA.ludoviciana �,

�ÉZ»{ÄÀÌÆ]��{Á|u��{����Ze���m�{È �ÂÌ�¸�����Y�³
d�Y�Ã|�  �6DOLPL�DQG�*KRUEDQOL��������6KDIL 

and Price�� ������ 4XDLO� DQG� &DUWHUV�� ��69) �Á
ÈÀÌ»��{�� Z»{� ¾ËY¥ÔfyY���¿��{�Y{� {ÂmÁ� É{ZË�

)Atwood, 191���7KXUVWRQ��������������/HJJHWW�

and Banting, 1959.( �ÄÀÌÆ]�ÉZ»{��{�cÁZ¨e�{ÂmÁ
Ä¿YÂmdÌ ¼m� ½ZÌ»� �{� Ê¿�� ÉZÅ� ¦¸fz»��Å� ¦¸��
¥ÓÂËÊ�uÁ,�Ê»dÌ ¼m��~]�{ÂmÁ��Y�Ê�Z¿�|¿YÂe -

�a� �Y� ¦¸fz»� ¶uY�»� �{� ZÅÊ³|Ì����|�Z] 
Friesen and Shebeski, 1961)(.  

  
f¿ÌÄn�³Ì�É�Ê¸¯ 

Ä¿Y{�{�ZÅ� ÃZ´ËZm��d�Y�¾°¼»�Är¸^À���{�¦¸fz»�ÉZÅ
                                                                               
1.After-ripeninig 
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É�eY�f�Y���{�Y��ÊeÁZ¨f»�ÉZÅÈy�q��½Z�¿�ÃZÌ³�Ê³|¿�

ËZa��~]��|ÀÅ{ÊÀÌ ±��]��e���/�y��� »��{�É�eY�f�Y� 
{�Y{�Ä//¿YÂm�|//��{�½M��{�Ä//¯��Z//]�,�Ë�//��Á�ÓZ//]�Ê//¿�

�É�Z³�Z��Ä]��~]�Á�º¯�d^�¿�ÊËÓZ/]���É�eY�f/�Y�ÉY�Y{
º¯���y��Ä¿YÂm�½M��{�Ä¯�¹Y�M�Ê¿��Ä¿YÂm�|��{�Á���Ê/¿�

ÓZ]�É�Z³�Z��Z]�º¯d��¾°¼»��~]�É�eY�f�Y�Á{�{ÂmÁ��
Ä]�É�Z³�Z��Ê�Â¿�d�Y����ËY�/���{�LZ¬]�¾Ì¼�e��Â�À»

cÁZ¨e��|�Z]�¦¸fz»�Ê¿Z°»�Á�Ê¿Z»����Ã|/����Y�³�ÉZÅ
Ä¿YÂm�ÉY�]�¥ÓÂË��~]�Ê¿��Ê»�Ê�uÁ���Y�Ê�Z¿�|¿YÂe��Ä/]
|»M�d�{�ÃZ/´ËZm��{��~]�½�����Á�Är¸^À/��¦/¸fz»�ÉZ/Å
Ã{Á|v»ÉY�Ê»�¾ËY�Ä¯�|�Z]�Z»{��Y���É�Z³�Z/��®Ë�|¿YÂe

��Ê/³�ËÁ�Ä/]�d^�¿��~]���Âa�ÉÂ«�Ê°Ë�Â·ÂË�Ì§���ÉZ/Å
��Y�Ä¯�Ê¬�ZÀ»��Y�ÊËYÂÅ�Á�[M½M�ZÅ �ÁM{�³É �Ã|/���|/¿Y�

��Ä/¿YÂm�d/�Y�¾°¼»�ZX·Za�Á�Z¼·��{�Z���° À»�,Y����Ê/¿�
����,¾Ì/Àm�Ä/]�½�Ì/�¯Y�}Â¨¿�½{�¯�{Á|v»�Z]�Y��Är¸^À�

�dveiPeÌ����|ÀÅ{��Y�«Äq�³Y�ËY�¾�f»Y�Za����~]���Âa�
                                                                               
1.High-risk 
2.Low-risk 

��{Ê���]�ÉZÅ�¹Zn¿Y Ã�Y|¿Y�Ã|���Ê·Á�,d�Y�Ã|�¿�É�Ì³
��Ä/¿YÂm�ÉÓZ/]�|��{���Ê/¿��ÉZÅ�~/]�����{��/�Âa�½Á|/]

Ê���]�¹Zn¿Y �Ã|��]Y�]�¾ËY�Z] ����{��d/�Y��/�¿�ÉZÅ�~/]�
¥ÓÂË���Ê���]�{�Â»�Ê�uÁÉZÅ�~]�ËZaÊÀÌ�,ÊËÓZ]��Z/]�,

�Ä/¿YÂm�|��{�Z»{��ËY�§Y�Z]����Âa�½Á|]�Á�����/Ì¿�Ê/¿�
§Y�ÉZ»{�Ä¯�{�¯�Y|Ìa��ËY�ÄÀÌÆ]���Y�®Ë��Å�ÉY�]½M�ZÅ�

��d�Y{�cÁZ¨e�Â¼n»�{��Ê/»������¾/ËY��{�Ä/¯�d/¨³�½YÂ/e
Ê���]��µÂ���{��~]�ÃZ´ËZm¶³�}MË¾ �iP/eÌ������/]�Ê/¼Æ»
Ä¿YÂm��Ê¿�ÉZÅ�~] dÌ ¼m�ÉZÅ¥ÓÂË��Á�d�Y{�Ê�uÁ

�ÉZÅ�~]ÊËÓZ] ¶³�}MË¾���¶Ì°/�e��e�Ë{�Ä°ÀËY���Zy�Ä]
�/»Ê |¿Â//���Ã�//Ìy}�{YÂ/»��ÉY�//f¼¯É���¾//ËY��|//¿�Y{�º/Å

dÌ �Á�Ä¿YÂm�|��{�Ä¯�d�Y�Ã|��h�Z]��Ê¿���/f¼¯�É
��|À�Z]�Äf�Y{��Ì¿½Á�§Y��~]�ÃZ´ËZm��]�Á����~/]��/�Âa,�

e��Ì¿�Z»{P��ÌiÄ�uÔ»�¶]Z«Y��ÉY���Ä/¿YÂm�|/��{��]���Ê/¿�
Y{��~]{��ÉZ»{�Ze�Z»{��ËY�§Y�Z]�Ä¯�Y�Ë���ÄÀÌÆ]���|/��{
Ä¿YÂm���ËY�§Y��Ì¿�Ê¿�Ê»�Y|Ìa|À¯  .  
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