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�Â]�»�Ä]�eÌ�Z¼�Ô³Ë�Ì¾�WZf]Ì¾�Á��f¼¯Ë¾��Y|¬»�Z»{É�aÂ¿Z¯Ê��Â]�»�Ä]�|ÅZ��{Â]��¾ÌÀr¼Å�
�Ì·Z¿M�´f�^¼ÅÊ�cZ¨��½Z�¿�{Y{�Ä¯�]Ì¾�Âfv»É�^�¿Ê�[M�±�]�Z]�Z»{É�aÂ¿Z¯Ê�´f�^¼ÅÊ�
¨À»Ê�Á�Z]�ÅÂ]�¯ÌcY�|ZÅÉ�µÂ¸v»�Á�§Á�¸¯Ì¶±�]��´f�^¼ÅÊ�d^j»�{ÂmÁ�{�Y{��dËZÆ¿� �{�

���z�»ÄeÂ]�Ê°�y�Ä]�¶¼ve��ËY�§Y��{�¾ÌWZf]�¾Ì�ËÔ³�Ä¯�|��e�iÂ»�¾Ì·Á�a��Y��Â´¿Y�ÉZÅ
{Â]���
��

ÉZÅ�Ã�YÁ�¸¯Ì|É��ÊaÂ¿Z¯�ÉZ»{�,µÂ¸v»�cY�|ÌÅÂ]�¯�,¶Ì§Á�¸¯��
� �

Ä»|¬»��
�Àe��Y�Ê°Ë�Ê°�y��j¯Y�ÉÁ��Ä¯�d�Y�Ê�Ìv»�ÉZÅ

Ê»�{�YÁ�É�ÁM�½ZË��Á�[�z»��ZiM�ÃZÌ³�|���¶uY�»�{�Z� 

.(Nilsen & orcutt, 1996)Ê·Z�°�y� Ä]� ÄmÂe� Z]��ÉZÅ
Ã|ÀËM� �{� {ZË�� µZ¼fuY� Ä]� �ÌyY� µZ�� |Àq�Z]�®Ë{�¿� ÉY

{Â]�ºÌÅYÂy�Á�]Á��ÄÀÌ»��¾ËY��{�É|m�cÔ°�»���¾ËY�]ZÀ]

{{�³� ÄWY�Y� ÊËZÅ�Z°ÅY�� ½M� Z]� Ä¸]Z¬»� ÉY�]� |ËZ]� ��ÊËZ¿YÂe
�Àe�Ä]���Z��ÉY�]�½ZÅZÌ³�c|��,�Â¿�Ä]�Ê�Ìv»�ÉZÅ

� Á� ÊÅZÌ³� Ä¿Â³� ,�Àe� c|»� ,�ÀeÄ¸u�»�ÃZÌ³� |���
�{�Y{�Ê´f�](Yordanov & Tsoev, 2000)� ���ZÌ¬»��{

�ºÌ�Àe� {YÂ»� ®¼¯� Ä]� Y�� �Àe� ��»� �ZiM� ÃZÌ³� Ê·Â¸�
�,ÄÀÌ»M� ÉZÅ|Ì�Y� ¶»Z�� �f�Ì]� Ä¯� É�¼�Y� �Z�§� Ã|ÀÀ¯
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½ÂË�Êy�]�Á� ZÅ|À«½Â»�ÂÅ� ,Ê¿| »�ÉZÅ¾ÌXeÁ�a�Á� ZÅ�ZÅ
Ê»µÂ¸���{�,|�Z]Ê»��ÅZ¯�{Ây�ÉZÅ�|Å{(Ingram & 

Bartles, 1996)���ÉY�]�ÃZÌ³��{�Ä¯�Ê·M�cZ^Ì¯�e�Ä¸¼m��Y
Ê»��ËY�§Y��Àe�Z]�Ä¸]Z¬»�¾Ì�ËÔ³�Á�¾Ì·Á�a��|]ZË��¾ÌWZf]

Ê»�|�Z](Zhang et al., 1999)���Àe�¶»Z��Ê�Ìv»�ÉZÅ
�¾Ì�ËÔ³��¼ne�h�Z]�¾ÌËZa�ÉZ»{�Á�É�Â��,[M�{Â^¼¯

ÃÁ�³��{�¾ÌWZf]Ê»�½ZÅZÌ³��Y�ÊËZÅ�{Â�(Jones et al., 

1981)�Ê»� ¾ÌWZf]� ¾Ì�ËÔ³� ,�Àe� �ËY��� �{���Y� |¿YÂe
dÌ·Z §ºË�¿M� ¶»Z�� É�fÀ�Âf§� ÉZÅ�É�fÀ�Âf§� ÉZÅ

(Incharoensakadi et al., 1986)¾ÌXeÁ�a��,�ZÅ|ÌbÌ·�Á�ZÅ
�É|ÌWÂ¯ÔÌe�ÉZÅLZ�£��{(Wiliams & Brain, 1992)�Á�

�d�Z¨v»�Á{�ºf�Ì�Âf§�\Ì¯�e��{�Ê¿Á�f°·Y�½ZË�m|À¯�
(Papageorgiou et al., 1991)� ��Ã{Y{�½Z�¿�¾ËY��]�ÃÁÔ�
� ¾Ì�ËÔ³� Ä¯� d�Y� Ã|���Y� d�Z¨u� Ä¨Ì�Á� ¾ÌWZf]

¾ÌXeÁ�a�Á� ÓZ]� ÉZÅZ»{� ¶]Z¬»� �{�Ê·Â¸��ÉZÅLZ�£� Á� ZÅ
�Àe�Ã|Æ���]�Y��ÃZÌ³�½Á�{�É�¼�Y�ÉZÅ{�Y{(Robinson 

& Jones, 1986; Jolivet et al., 1981; Laurie & 

Stewart, 1990)��Ì�Y��Y�Ê°Ë��Ì¿�¾Ì·Á�aÄÀÌ»M|�µZ §�ÉZÅ
Ê»�É�¼�Y�ºÌ�Àe� Ã|Ë|a� �{��¨u� Á� {ZnËY� �{� Ä¯�|�Z]

�{�Y{�ÊËY���Ä]��¬¿�ÃZÌ³�½Á�{�É�¼�Y��Z�§�Barker et 

al., 1993�����{�Ä¯�Ê¿ZÅZÌ³��{�{Y�M�¾Ì·Á�a�½Y�Ì»�ÓÂ¼ »
Ê»�É�ZÌ]M�[Â¸�»�|u�{Á|u��{�Á�º¯��ZÌ�]�|¿Â����

��Ê¸Ì»�Ê»�®�y�Ã{Z»�¹�³��{�¹�³�Z»Y�,|�Z]�¾ËY��Y|¬»
d§Z]�[M��ÅZ¯��Y��a�Ã{Z»�Ze�ZÅ��������{�¹�³�Ê¸Ì»�

Ê»��ËY�§Y�®�y�Ã{Z»�¹�³��Å�|]ZË(Heuer, 1994)����{
�¾Ë|Àq�Ê]M�º¯��Àe�ÄÌ·ÁY�¶uY�»� �{�½ZÅZÌ³� �Y�Êy�]

Ê»��ËY�§Y� ÄÀÌ»M� |Ì�Y��¬§� Ê]M� º¯� Ä»Y{Y� Z]� Ä¯� |]ZË
Ê»� Ã�Ìy}� Á� �¼ne� �f�Ì]� ¾Ì·Á�a� ÄÀÌ»M|Ì�Y�{Â�

(Heuer, 1994)� �¹Y|¿Y� Ä¼Å� �{�¾Ì·Á�a� Äq�³Y�ÃZÌ³�ÉZÅ
Ê»� �¼ne� Ê°�y� �Àe� Ê�� �{�Ë��� Ê·Á� |]ZË�¾Ë�e

±�]� �{� Y�� d�Z^¿Y{�Y{� ZÅ(Heuer, 1994) ��{�]�Z¯�
�¾Ì�ËÔ³Ä¿Â³��{�¾ÌWZf]�ZË�Á�º¯�Y��\Ì¯�e�¾ËY�Ä¯�ÊËZÅ

Ê¼¿� |Ì·Âe� Ô�Y�Àe� ��»� cY�iY� �ÅZ¯� �{� |ÀÀ¯�ÉZÅ
Ê»�®¼¯�Ê�Ìv»�|À¯(Makela et al., 1998; Yang & 

Lu, 2005)� �µÂ¸v»� Ã|�� ¹Zn¿Y� cZ¬Ì¬ve� ª^��Ê�Za
�¾Ì�ËÔ³Ä¿Y|´¿��dÌ^je�Z]�l¿�]��{��¾ÌWZf]�Ä]��nÀ»�Ä¯�ZÅ

Ê»�É|���ÉZÅ�f»Y�Za�Á��fÀ�Âf§�½Y�Ì»�½|���fÆ]�,{Â�
¼ve///Ì³� ¶//]Y�]� �{� Y�� ÃZ//���Àe� �//§Y� É�Â//��ËY�

Ê»|Å{(Gadallah, 1999;  Cha et al., 2006)� ��{�]�Z¯
���»�cY�iY��ÅZ¯�Ä]��nÀ»�¹Â³�Â���{�¾ÌWZf]�¾Ì�ËÔ³

µÂ¸�� �{� É�¼�Y� �ÀeÊ»� Ê¸Ì§Á�»� ÉZÅ{Â�� ��lËZf¿
Ê»� ½Z�¿� Ã|»M� d�|]�É�¼�Y� �Àe� cZ»|�� Ä¯� |Å{

� É�Â�� �Y� Ê�Z¿NaclÊ»� Y���¾Ì�ËÔ³� {�]�Z¯� Z]� ½YÂe
¾ÌWZf] �½Z»��Á�d�¸£�Ä]�Äf�]��Â�Â»�¾ËY�Ä¯�{�¯�º¯�

»� ¾ËY� ¥��»/�Y{� Ã{Z� {�Arafa et al., 2009� ��À]//���
Ê»�Ê°�y��Àe�dve�¾ÌXeÁ�a�ÉYÂfv»��ÅZ¯�Ä¯�|��

ºË�¿M�dÌ·Z §��ËY�§Y�Z]��Ì¿�Á�¾ÌXeÁ�a�Ã|ÀÀ¯�ÄË�ne��ÉZÅ
a� Ä¸¼m� �Y� {Y�M� ÉZÅ|Ì�YÂÀÌ»M� �¼ne/»� ¾Ì·Á�//��^e�

Ê»|�Z] (Hanson & Hits, 1982)� ��±�]� �{�Ä ·Z�»� �{
�ÅZ¯�|��Ã|ÅZ�»��Àe��ËY����{� �Â´¿Y�ºÅ��fÀ�Âf§�

���Zz]� ºÅ� Á� ¾]�¯� |Ì�¯Y� É{� [~m��ÅZ¯� �Y� Ê�Z¿
ºË�¿M� dÌ·Z §� �ÅZ¯� Ã{Â]� ZÅd�Y�(Chaves et al., 

2002)��Àe�É�Ìa� ,±�]� t����ÅZ¯� ¾¼�� Ê°�y�
½MÊ»�Ä¸Ì�Á�¾Ë|]�Á�Ã{Â¼¿��Ë��e�ºÅ� Y��ZÅ�½Y�Ì»�|¿YÂe

��Y� Ê�Z¿� cY�iY� d¸�� Ä]� Är¿M� �Y� �f�Ì]� Ê¸Ìy� ,Y�� |Ì·Âe
�fÀ�Âf§� c|�� �ÅZ¯Ê»� ¶Ì¸¬e� �·Zy���ÅZ¯� ,|]ZË

|Å{���[~m�c|��Ä¯�Ê¿Y�Ì»�Ä]�Ê°�y��Àe�,µZj»�ÉY�]
��¬§� Y���·Zy��� ���ÅZ¯�|��� Ä¯�d�Y�Ê§Z¯� ,|Å{

±�]|À¯� ¦«Âf»� Ô»Z¯� Y�� ZÅ� ��½M� �´¿ZËZ¼¿� �Â�Â»� ¾ËY
±�]�t���Ä¯�d�Y�dve��·Zy�[~m�c|���Y��f�Ì]�ZÅ

Ê»� �Y�«�[M�{Â^¼¯��Àe��ÌiZe� {�Ì³(Taiz & Zeiger, 

2006)���Ä�ËZ¬»��{��fÀ�Âf§�Ä¯�d�Y�Ã|��d]Zi�¾ÌÀr¼Å
�¶Ì�¿Zfa� Ä]� É�f¼¯� dÌ�Z�u� ±�]� t��� Ä �Âe� Z]
��fÀ�Âf§�½Y�Ì»��À¯YÁ�¶Ì·{�¾Ì¼Å�Ä]�,{�Y{�[M�É�Z�§
�Ä]Z�»� c�|¿� Ä]� [M� ��Âf»� �Àe� Ä]� x�Za� �{� ±�]

�d�Y��Àe� Ä]�±�]� Ä �Âe��À¯YÁ(Taiz & Zeiger, 

2006)� �Y� �ÅÁ�a� ¾ËY� �Y� ¥|Å� ¾ËY�]ZÀ]�½Y�Ì»� Ê]ZË��
�°�ÄeÂ]� ¶¼ ·Y��Á� ¾Ì·Á�a� Ê�Za� µÂ¸v»� Ä]� �Â´¿Y� ÉZÅ

{Â]�Ê°�y��Àe��ËY����{�¾ÌWZf]�¾Ì�ËÔ³���
��

�Á��Á�{YÂ»ZÅ��
�µZ���{��ËZ»�M�¾ËY�����®Ë�Äm�{�½ÂÌ�°¸¯��{�

|Ë{�³� Y�mY�¾ËÁ�«� ½Zf�Y� �{��«YÁ� ½Zf�¯Ze� �Â´¿Y� ��ÉY�]
Ê¿Y�ËY�º«��Á{�¶»Z���Â´¿Y�º«���ZÆq��Y��Z¯�¾ËY À�Ây�ÁZ

Êm�Zy� º«�� Á{� Á� �¼�Z¯� Ê¿Z°Ìa� Á� ½Zf�{�¯ �d·�a
�Perlette� �ºÌ¸§� Á��·|Ì��Flame Seedless� ��Ã{Z¨f�Y
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�Ä§��Á{� ½Á{�Â¯� c�Â�]� Á� Ä·Z�� �ZÆq� ¹Z«�Y� ¾ËY� ,|�
|¿{Â]� Ã|�� dÌ]�e� Ä¬^�Á{� ��c�Â�� Ä]� �ËZ»�M� ¾ËY

Â¸]� s��� �{� ¶Ë�Âf¯Z§��ZÆq� �{� Ê§{Z�e� Ô»Z¯� ÉZÅ
|Ë{�³�LY�mY��Y�°e��¼�Y�dÆm��ZÌ¿��Y|¬»�Ê°�y��Àe�µZ

�[Zf¯� �Y� �Â´¿Y�Ê]M��Ã|¼��½ZÅZÌ³� �ZÌ¿� {�Â»�[M�{�ÁM�]
�Â�¯�Ê£Z]�Á�Ê�Y���¹Á{�|¸m���{�Â»�Ä¬�À»�Ä]�ÄmÂe�Z]�

�½Y�Ì»�Ä]�Á�kY�zf�Y��ËZ»�M���®¼¯�Ä]�½M��Y�|��{�
�|��Ã{Y{�ÃZÌ³�Ä]��ÂfÀ¯(Kafi et al., 2010)���ZÌ¿�{�ÁM�]�

Ä·{Z »� �Z�Y� �]� [Zf¯� ¾ËY� �{� Ê]M�¾¼Àa� Äf§ZË� �ÌÌ¤e�
d�Y�Ã|��Ä^�Zv»�hÌf¿Z»� ��{�Â»�¹Z«�Y�Ä°ÀËY�Ä]�ÄmÂe�Z]

�[Zf¯�¾Ì¼Å� ÄÌ�Âe��Z�Y�]� ,|¿{Â]� Ä·Z�� �ZÆq� Ã{Z¨f�Y
�\Ë���Ã|��Ä^�Zv»�É�ZÌ]M�[M�½Y�Ì»��d§ZË�����Y|¬»

�½Zf�¯Ze�¶v»��{��Â´¿Y�ÉY�]��ZÌ¿�{�Â»��·Zy�É�ZÌ]M�[M
Ã��«�É�ZÌ]M��Á�� �{c|»�ÉY�]�ÉY����]� �Á����Z�Y�

� ©Â§� [Zf¯�����Ã|�� Ä^�Zv»� �Zf°Å� �{� \ °»� �f»�
d�Y���\Ë���Ä]�ÄmÂe�Z]��ÄeÂ]�¾��ÉY�]�Ã|���¯}��ZÅ

������ ��� ����� ���Àe� ½Y�Ì»� Ä]� dËZÀ�� Z]� Á���
�{Á|u�|ËZ]�,�Z»���¿�{�Â»�|��{���������� ������

�Ê���{�\ °»��f»����Ê»�Ã{Z¨f�Y��Zf°Å�®Ë�ÉY�]��Á��
|Ë{�³� �� �Å� LY�Y� Ä]Ã��«� Á{� ÄeÂ]�Ä¯�d�Y{� {ÂmÁ�½Z°q

Ã��«��Å�ÊmÁ�y�Ê]{�d�Z��®Ë��{�½Z°q��{�ÁM�]��fÌ·�
� |�� �½Z°q� Ã��«� Á{�����Å�ÉY�]�d�Z�� �Å� �{� �fÌ·�
ÄeÂ]����

�d�Z¯�º¯Y�e�Ä]�ÄmÂe� Z]��� ��ÄeÂ]�É�ZÌ]M� �³Y� ,�ZÅ
�¶�YÂ§� Z]�� Ä^e�»� �Å� Á� �Z^°Ë� �Á�������¿� �{�d�Z��

ZÌ¿�{�Â»��Àe��Y|¬»�{Â��Äf§�³�µZ¼�Y�ÓZ]��{�Ã|���¯}��
Ê»{{�³� �¾Ì·Á�a�ÉZÅ�Z¼Ìe �mM���¾Ì�ËÔ³� Á¾ÌWZf] 

�mM��� �� Ä¸u�»� �ZÆq� �{��,ÊÅ|¸³� ,ÊÅ|¸³� �Y� �Ìa
Ä^u� ¾f§�³� ²¿�� �Á��� Á� Ã�Â£� Ä¸u�»ZÅ� ��c�Â�� Ä]

ÄeÂ]�ÉÁ���]�Ê�Za�µÂ¸v»|¿|��µZ¼�Y� ZÅ� ��[Zzf¿Y�¶Ì·{
�{�Ê]M�º¯�Ä]��Â´¿Y�{ZË���ZÌ�]�dÌ�Z�u�¶uY�»�¾ËY�¾ËY�

d�Y� ¶uY�»� ��½Y�Ì»� ,±�]� t��� É�Ì³� Ã�Y|¿Y� ÉY�]
Ä¸u�»�Á{��{�ÊaÂ¿Z¯�ÉZ»{�Á�¶Ì§Á�¸¯�²¿���Á���Á�Ã�Â£�

Ä�Ây�¾f§�³�{�Â»�±�]�Ä��¥{Z�e��Â�]�ÄeÂ]��Å��Y� ZÅ
�Y� ¾ËY� ¾Ì´¿ZÌ»� Á� �ËZ»�M/Ì »� ½YÂÀ�� Ä]� {Y|/��{� �Z

ÄË�ned§�³� �Y�«� Ã{Z¨f�Y� {�Â»� É�Z»M� ÉZÅ� ���Â�À»� Ä]
��É�Ì³� Ã�Y|¿YÃZ´f�{� �Y�±�]�t�Leaf Area Meter, 

VM-900 (E/K, USA) Ã�Y|¿Y� ÉY�]���Y� ¶Ì§Á�¸¯� É�Ì³

�ÃZ´f�{SPAD 502 (Konica-Minolta, Japan)��ÉY�]�Á
� É��Ì·� Ê´À¨e� lÀ�Z»{� �Y� ÊaÂ¿Z¯� ÉZ»{Minitemp-

Laser Radiation (Raytek, China)�|��Ã{Z¨f�Y� �dÆm
¶À§� �Á�� �Y� µÂ¸v»� ÉZÅ|À«� ½Y�Ì»� {�ÁM�]�

Y|�� Ã{Z¨f�Y� ®Ë�Â¨·Â�|Ì��(Khochert, 1978)���Y|f]Y
��Ê¸Ì»��µÂ¿Zf»� �fÌ·��� �� Ä]� Y���Ê¸Ì»�Ä¿Â¼¿� �Y� ¹�³�

±�]®�y�ÉZÅ�c|»�Ä]�Á� Ã{�¯�Ä§Z�Y�Ã|���Z]�Ä¬Ì«{�
�d��������Ã�Z��� Á� Ã{�¯� �ÂÌ§�f¿Z�� Ä¬Ì«{� �{� �Á{�

|��¶¬fÀ»�Ã�Á��¾·Z]�Ä]�Ä·Â·��Å�ÊËÁ�� ��Ã�Z���¶¼��¾ËY
�¶°·Y�Z]�É�Ì³���ÊËÁ��Ã�Z���Á�Ã|���Y�°e��Z]�Ä��|��{�

|Ë{�³��¼m�Zn°Ë�Ä¸u�»�Ä���Å���½Á�{�Y��Ä¸�Zu�Ã�Z��
�ÉZ»{�Z]�½ÁM��Á�Ã{Y{��Y�«�{Y�´Ìf¿Z��Äm�{��Ê¸Ì»���fÌ·

�µÂ¿Zf»����|Ë{�³�Ä§Z�Y�\Ì¯�e�Ä]���
���Ê¸Ì»��,��¬»�[M��fÌ·��ÉÁ��cZ¨·Â���fÌ·�Ê¸Ì»�

�Á�Ê¸Ì»��ºË�Z]|Ì�¯Á�|ÌÅ��fÌ·�����Ä§Z�Y|���dËZÆ¿��{
�Ê¸Ì»��Á�Äf�Y{�]�Y��Ã�Z����Y��fÌ·�Ê¸Ì»��µÂÀ§��fÌ·���
�Á�Ê¸Ì»��[~m�½Y�Ì»�Á�Ã{�¯�Ä§Z�Y�®Ë�Â¨·Â�|Ì�Y��fÌ·

Ä¿Â¼¿� kÂ»� µÂ�� �{� ZÅ���|¿|Ë{�³� dWY�«� �f»Â¿Z¿���
±�]� [M� Ê^�¿� ÉÂfv»ZÅ �RWC: Relative Water 

Content��Á�� �Y� Ã{Z¨f�Y� Z]���Kirnak et al., 2001��
¿YÃ�Y||��É�Ì³� �±�]� Y|f]Y�Á� �Ì¼e� µZ¼f�{� Z]� Ã�Ze�ÉZÅ

|Ë{�³�¾Ë�Âe��±�]��b��c|»�Ä]�Y��ZÅ���½Á�{�d�Z��
Ä�Â£� ��¬»�[M�dËZÆ¿� �{� Á� Ã{�¯�½�Á� 0Y{|n»� Ã{�¯� �Á

±�]� c|»� Ä]� Y�� ZÅ��� ÉZ»{� Z]� ½ÁM� ½Á�{� d�Z�����
|Ë{�³� ½�Á� Ã�Z]Á{� Á� Ã{Y{� �Y�«� {Y�´Ìf¿Z�� Äm�{� ��dÆm

Ê^�¿� ÉÂfv»� Ä^�Zv»�Ã{Z¨f�Y� �Ë�� Ä�]Y�� �Y� ±�]� [M�
|����

100
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)(
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WDWF
RWC

��
WF��±�]��e�½�Á��

� WT��±�]��Z»M�½�Á��
WD�½�Á��®�y�±�]��

��ZÆq��Y�Ã{Z¨f�Y�¶Ì·{�Ä]�ZÅ�Z¼Ìe�cY�iY�Ê���]�ÉY�]
Ã{Y{�cY�ÌÌ¤e�|��{� Y|f]Y�º«��Á�¾Ì·Á�a�ÉZÅ�Z¼Ìe� �{� ZÅ

�ÄË�ne��b��Á�Ä^�Zv»�|ÅZ��Ä]�d^�¿�¾ÌWZf]�¾Ì�ËÔ³
YÁÃ{Y{��¿ZË���Y�§Y�¹�¿�®¼¯�Ä]�ZÅSPSS¾Ì´¿ZÌ»�Á��Z]�ZÅ

|¿|��Ä�ËZ¬»�¾°¿Y{�½Â»�M� ��d�Y�Äf°¿�¾ËY��¯}�Ä]�¹�Ó
�Z»Y�d§�³� ¹Zn¿Y�cY�ÌÌ¤e� |��{� Z]�É�Z»M�cZ^�Zv»� Ä¯



���� ������������Ä¸n»�Ê¿Z^£Z]�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

�{Y|�Y��¿ZË�YÁ�ÄË�ne�µÁY|m��{�Ã|���¯}�É{|���Ë{Z¬»
Ê»�Ê¸�Y|À�Z]���

��
lËZf¿��

e� �ÌiZe� Ä¯� {Y{� ½Z�¿� Ã|»M� d�|]� lËZf¿��]� ZÅ�Z¼Ì
�±�]�[M�Ê^�¿�ÉYÂfv»�,ÊaÂ¿Z¯�ÉZ»{� ,µÂ¸v»�ÉZÅ|À«

�RWC�� ¶Ì§Á�¸¯� ½Y�Ì»� Á� ±�]� t��� ,����P<��
ÊÀ »{Â]��Y{ �µÁ|m�����¾Ì]�Ä¯�{Y{�½Z�¿�lËZf¿�¾ÌÀr¼Å

{�Y|¿� {ÂmÁ�Ê¸]Z¬f»� �iY� Ä¿Â´rÌÅ�º«�� �ZÆq� Á� ZÅ�Z¼Ìe 

�µÁ|m�� ��¾Ì´¿ZÌ»� Ä�ËZ¬»�¾Ë�f�Ì]� Ä¯� {Y{� ½Z�¿� ZÅ
ÉZÅ|À«�½Y�Ì»�Z]�¾ÌWZf]�¾Ì�ËÔ³��Z¼Ìe�Ä]��Â]�»�µÂ¸v»�

����Ê»� �e� ½�Á� ¹�³� �{� ¹�³� Ê¸Ì»�|�Z]� ����¿� �Y
ÊÀ »�¥ÔfyY�±�]�[M�Ê^�¿�ÉÂfv»�ZÅ�Z¼Ìe�¾Ì]�É�Y{

�[M� Ê^�¿� ÉÂfv»� Ä¯� É�Â�� Ä]� d�Y{� {ÂmÁ� |ÅZ�� Á
�\Ìe�e� Ä]� ¾ÌWZf]� ¾Ì�ËÔ³� Á� ¾Ì·Á�a� �Z¼Ìe� �{� ±�]

����� Á�����Ìe� �{� Ä¯� Ê·Zu� �{� ,|��{��|ÅZ�� �Z¼
����|»M�d�|]� |��{�� ��|���z�»�Ê���]�¾ËY� �{

�¾ÌWZf]� ¾Ì�ËÔ³� �Z¼Ìe� �{� ±�]� t��� �j¯Y|u� Ä¯
�����Êf¿Z���]�»� �f»� �|»M�d�|]� ��¶«Y|u�¾ÌÀr¼Å

�¾Ì]� Á� Ã{Â]� |ÅZ�� �Z¼Ìe� Ä]� �Â]�»� ºÅ� ¶Ì§Á�¸¯� ½Y�Ì»
�¶Ì§Á�¸¯�½Y�Ì»� ��¿� �Y�¾ÌWZf]�¾Ì�ËÔ³� Á�¾Ì·Á�a� �Z¼Ìe

ÊÀ »�¥ÔfyYÁ�É�Y{{�Y|¿�{Âm����
��

µÁ|m��Ã�Y|¿Y�cZ¨��cY�ÌÌ¤e��¿ZË�YÁ�ÄË�ne��,ÁZÀ�Ây�,Ê¿Z°Ìa��Â´¿Y�º«���ZÆq��{�Ã|��É�Ì³� �
Ê°�y��Àe��ËY����{�¾ÌWZf]�¾Ì�ËÔ³�Á�¾Ì·Á�a��Z¼Ìe�dve��·|Ì��ºÌ¸§�Á�d·�a��

cZ ]�»�¾Ì´¿ZÌ» � �
�[M�Ê^�¿�ÉÂfv»

±�]� �
±�]�t�� ÉZ»{±�]� µÂ¸v»�ÉZÅ|À«� � ¶Ì§Á�¸¯ 

� �

É{Y�M�Äm�{� �
�df�� �

cY�ÌÌ¤e��]ZÀ» 

(s.o.v)� �

����� ns ������ ns ���� ns ����� ns ���� ns � Â¸] 

����� ns ������� * ���� ns ����� ns ����� ns � º«� 

������ ** ������� ** ���� ** ����� ** ���� ** � �Z¼Ìe 

����� ns ������ ns ���� ns ����� ns ���� ns � º«� �Z¼Ìe 

�����  ������  ����  �����  ����  �� Z�y 

����  ����  ��  ���  ����   �cY�ÌÌ¤e�\Ë��CV���� �
����,���,nsÊÀ »�\Ìe�e�Ä]��t����{��Y{���,���ÊÀ »��Ì£�Á�Y{��

��
�,|»M� d�|]� cZ¨�� �ËZ�� ¥Ôy� �]� ÊaÂ¿Z¯� ÉZ»{

¼Ìe�Ä¯�É�Â�]//�Z]�|ÅZ���Z����m�{�//Ìf¿Z��Ä///�{Y�´��
f�Ì]//»{�¾Ë�////Z�fyY�{Ây�Ä]�Y��//{Y{��Z �µÁ|m����

�Y� �]///f§ZË� �Z////Ä¬¬v»� ÉZÅ///�Ê°�y� �Àe� ½Z

�±�]�[M�Ê^�¿�ÉÂfv»�|��{��ÅZ¯�Ä]��nÀ»�RWC��,
¯////Ì�¿Zfa� �ÅZ///¶¯� [M� ¶�øw� ��� Ä]� Á///�¶¯� �Â

nÀ»///¯� Ä]� �///��� �ÅZ///Ì³� |///Ê»� ½ZÅZ�//�{Â
(Bajji et al., 2001)���

��
µÁ|m��¾Ì´¿ZÌ»�Ä�ËZ¬»��Â´¿Y�º«���ZÆq��{�¾ÌWZf]�¾Ì�ËÔ³�Á�¾Ì·Á�a�,|ÅZ���Z¼Ìe�Ä���{�ZÅ� �

Ê°�y��Àe�dve��·|Ì��ºÌ¸§�Á�d·�a�,ÁZÀ�Ây�,Ê¿Z°Ìa���
cZ ]�»�¾Ì´¿ZÌ» 

±�]�ÉZ»{� �
�C��� �

¶Ì§Á�¸¯��yZ���
�spad�� �

±�]�t�� 
�Cm2� 

�±�]�[M�Ê^�¿�ÉÂfv»
���� �

µÂ¸v»�ÉZÅ|À«� �
�mg/g FW� 

�Z¼Ìe 

�����  a ������  b ����  b ����  b ����  b |ÅZ� 

�����  b �����  a ����  b ����  a ����  b ¾Ì·Á�a 

�����  b �����  a ����  a ����  a ����  a ¾ÌWZf]�¾Ì�ËÔ³ 

¾Ì´¿ZÌ»�½Âf���Å��{ÊÀ »�cÁZ¨e�¾°¿Y{�½Â»�M���¿��Y�Ä]Z�»�¥Á�u�ÉY�Y{�ÉZÅ�t����{�É�Y{���|¿�Y|¿ 

��
¼�Y� ºÌ�Àe� Ê§��� �Y//ºÆ»� �Y� Ê°Ë� É�e/�¾Ë�

¹�Ì¿Z°»�Ä]� Ä¯� d�Y� ½ZÅZÌ³� �{� Ê°�y� Ä]� ¶¼ve� ÉZÅ
��{�sÔ»Y��¼ne�ªË����Y�É�¼�Y�¶Ì�¿Zfa��ÅZ¯�Ä��YÁ

µÂ¸���Z»M� �Z�§� �¨u� Z]� Á� Ã|�� ¶�Zu� ÃZÌ³� ÉZÅ
µÂ¸���Àe��ËY��� �{� ÃZÌ³� |��� Á�Ê·Â¸�� Ä �Âe� Ä]� ZÅ

Ê»�®¼¯� |À¯�Rascio et al., 1994�� ��,�Àe� Ã�Á{� �{



� �Ê¿Z»��|¼v»½Y�Z°¼Å�Á���iPeÌ��{�]�Z¯�·Á�aÌ¾�Á�Ô³Ë�Ì¾�]WZfÌ¾���� ���� 

��Y��Ë�³��Â�À»�Ä]�ÃZÌ³��{��¿Z���Âe�Ä»Y{Y�Á��Ì·Â¼�Ôa
µÂ¸�µÂ°·Â»� ,{Ây�ÉZÅ�Ä]� Y��Äf�Z�¿��Ì�¿�d��{�ÉZÅ

µÂ°·Â»��b�� Á� ��Z¯Z��Á� �¯Â¸³� |À¿Z»� É�f°qÂ¯� ÉZÅ
Ê»�¶Ë|^e� �Âf¯Á�§Ê¨À»�\mÂ»� �Â�Â»�¾ËY� Ä¯� |À¯��e

µÂ¸���{�[M�¶Ì�¿Zfa�½|�Ê»�É�¼�Y�ºÌ�Àe�Á�ZÅ�{Â�
Ë{�¶»Z���Ì¿�|À«�¥��»��ÅZ¯� ,½M��]� ÃÁÔ��ÉY�]�É�´
Ê»�µÂ¸���{�µÂ¸v»��ÉZÅ|À«�d�¸£��ËY�§Y�|�Z]�|¿YÂe

.(Irigoyen et al., 1992)�Ê»�½Z�¿�cZ¬Ì¬ve�lËZf¿�|Å{
�ÃZÌ³�¶¼ve�µÂ¸v»�ÉZÅ|À«�Á�¾Ì·Á�a�½Y�Ì»��ËY�§Y�Ä¯

Ê»��ËY�§Y�Ê°�y�Ä]�Y��ÄËÂ^n¿�{Z]|Å{�.(Abbaszadeh 

et al., 2008) �¾ËY� Ä]� ZÅ|À«�¾ËY� �¼ne�dÌ¼ÅY� Á��¬¿
Ì·{Ê»� ¶��Z�§� ºÌ�Àe� \^�� {YÂ»� ¾ËY� �¼ne� Ä¯� |�Z]

�É�Y|Æ´¿� Á� µÂ¸��[M� ½{Y{�d�{� �Y��ÅZ¯� Á�É�¼�Y
Ê»��Z»M{Â��(Hekmat Shoar, 1993) � ��d�|]�lËZf¿

�¾Ì�ËÔ³� {�]�Z¯� Z]� Ä¯� {Y{� ½Z�¿� ªÌ¬ve� ¾ËY� �{� Ã|»M
Ê»�Y|Ìa��ËY�§Y�|ÅZ��Ä]�d^�¿�µÂ¸v»�ÉZÅ|À«�¾ÌWZf]�

�|ÀÀ¯��µÁ|m�����
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Ê°�y��Àe�dve�¾Ì·Á�a�Z]�Ã|���Z¼Ìe 

�¾Ì´¿ZÌ»��Ë�Âe�{�Y|¿Zf�Y�ÉZ�y��´¿Z�¿�É{Â¼���Â�y��ZÅ�SE��Ê»|�Z]���
��

��
�¶°����¾Ì´¿ZÌ»�Ä�ËZ¬»��º«���ZÆq��{�µÂ¸v»�ÉZÅ|À«�cY�ÌÌ¤e�|��{�

|���Z¼Ìe��Â´¿YÊ°�y��Àe�dve�¾Ì·Á�a�Z]�Ã��
�¾Ì´¿ZÌ»��Ë�Âe�{�Y|¿Zf�Y�ÉZ�y��´¿Z�¿�É{Â¼���Â�y��ZÅ�SE��Ê»|�Z]� 
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�¶°����¾Ì´¿ZÌ»�Ä�ËZ¬»��º«���ZÆq��{�±�]�t���cY�ÌÌ¤e�|��{�

Ê°�y��Àe�dve�¾ÌWZf]�¾Ì�ËÔ³�Z]�Ã|���Z¼Ìe��Â´¿Y 

��Y|¿Zf�Y�ÉZ�y��´¿Z�¿�É{Â¼���Â�y�¾Ì´¿ZÌ»��Ë�Âe�{�ZÅ�SE��Ê»|�Z]���
��

 
�¶°����¾Ì´¿ZÌ»�Ä�ËZ¬»��º«���ZÆq��{�µÂ¸v»�ÉZÅ|À«�cY�ÌÌ¤e�|��{�

Ê°�y��Àe�dve�¾ÌWZf]�¾Ì�ËÔ³�Z]�Ã|���Z¼Ìe��Â´¿Y��
�¾Ì´¿ZÌ»��Ë�Âe�{�Y|¿Zf�Y�ÉZ�y��´¿Z�¿�É{Â¼���Â�y��ZÅ�SE��Ê»|�Z]���

��
Ê»�½Z�¿�cZ¨��¾Ì]�Ê´f�^¼Å�ÄË�ne�Ê§����Y�|Å{

±�]� [M� Ê^�¿� ÉÂfv»� Á� µÂ¸v»� ÉZÅ|À«� ¾Ì]� Ä¯ 

�RWC� �ÊÀ »� Á� d^j»� Ê´f�^¼Å�{�Y{� {ÂmÁ� É�Y{
�� µÁ|m�� ���{�]�Z¯� Ä¯� d�Y� ½M� �´¿ZÌ]� �Â�Â»� ¾ËY

Ê¨À»� h�Z]� ¾ÌWZf]� ¾Ì�ËÔ³�É�¼�Y� ¶Ì�¿Zfa� ½|�� �e
�{� Ä]�[M� ½ZË�m��ËY�§Y�h�Z]� Á� Ã|�� µÂ¸�� ½Á�{�½Á

Ê»�µÂ¸�{Â���Ê»�½Z�¿�cZ¬Ì¬ve�Àe��{�Ä¯�|Å{�ÉZÅ
Ê»� Y|Ìa� �ÅZ¯� µÂ¸v»� ÉZÅ|À«� ,É�¼�Y� |Ë|�|À¯�

(Abbaszadeh et al., 2008)�ÉZÅ|À«� ½Y�Ì»� �ÅZ¯�
�Àe� �{� µÂ¸v»Ê»� |Ë|�� ÉZÅ�¥��»� ¶Ì·{� Ä]� |¿YÂe

dÌ·Â]Zf»� �fÀ�� �{� ZÅ|À«�¹Y|¿Y� �{� ¾Ì·Á�a� ½Âq� ÊËZÅ

� |�Z]� ÊËYÂÅ(Iririgoyen et al., 1992)��½YÂf]� |ËZ��
�,cZ^Ì¯�e�¾ËY�Êm�Zy�¥��»�¶Ì·|]�Ä¯�{�¯�½ZÌ]�Ä¿Â´ÀËY
�cZ^Ì¯�e� ¾ËY� �fÀ�� ÉY�]� |À«� ¥��»� Ä]� É�ZÌ¿� ÃZÌ³

|ÅZ��Ä]�d^�¿��Z¼Ìe�¾ËY��{�|À«�½Y�Ì»�Á�Äf�Y|¿ ��ËY�§Y
|]ZË� ���¼ne�¾Ì]� Y��ÊËÓZ]�Ê´f�^¼Å�½Z¬¬v»�Ê§��� �Y

ZÌ³� �{� Ê°�y� Ä]� ¶¼ve� ½Y�Ì»� Á� µÂ¸v»� ÉZÅ|À«�½ZÅ
³//¯� ��Y�/Ã{�� |¿Y(Hoekstra & Buitink, 2001)��

ÃÁ�³�Á� ZÅZ�£� [M� ¾Ë�´ËZm� ZÅ|À«� ¶Ì�¯Á�|ÌÅ� ÉZÅ
ÌXeÁ�a///¾Å///Ê»� Z�À¯YÁ� Ze�|¿Â�[M�ÉZÅ��{� ,Êf�Á{

{Â�� �¨u� Ê³|Ì]Z�a� Ê�� ��Z]� ZÅ|À«� �Z°ÅY�� ¾ËY� �{
¾ÌXeÁ�aÅ//�£�Á�Z/////¿ÂÌa�LZ////ÌÅ�|///�¶Ì°�e�Ê¿�Á�|



� �Ê¿Z»��|¼v»½Y�Z°¼Å�Á���iPeÌ��{�]�Z¯�·Á�aÌ¾�Á�Ô³Ë�Ì¾�]WZfÌ¾���� ���� 

Ê»e��Y�Á�|ÀÅ{ÌÌ¤///°���///½M�¶Å///¸m�Z///Ì³Â///�É�»///ÊÀÀ¯///�|.(Leopold et al., 1994)���
��

µÁ|m��Ã�Y|¿Y�cZ¨��Ã{Z��Ê´f�^¼Å�\ËY�����Â´¿Y�º«���ZÆq��{�Ã|��É�Ì³� �
�·|Ì��ºÌ¸§�Á�d·�a�,ÁZÀ�Ây�,Ê¿Z°Ìa�Ê°�y��Àe�dve�¾ÌWZf]�¾�ËÔ³�Á�¾Ì·Á�a�Z]�Ã|���Z¼Ìe��

¶Ì§Á�¸¯ µÂ¸v»�ÉZÅ|À« ¯�ÉZ»{ÊaÂ¿Z ±�]�t���� RWC cZ¨���
    � RWC� �
   � ���� ** ±�]�t�� 

  � ����  ����� ** ÊaÂ¿Z¯�ÉZ»{ 

 � �����  ���� ** ���� * µÂ¸v»�ÉZÅ|À«� �
� ����  ����� ** �����  ���� * ¶Ì§Á�¸¯ 

�������,���,nsÊÀ »�\Ìe�e�Ä]��t����{��Y{���,���ÊÀ »��Ì£�Á�Y{��
��

Ì³� �´Ë{� ÉZÅ�Z°ÅY�� �Y� Ê°Ë��Àe� �Â«Á� ½Z»�� �{� ÃZ
Ê»�±�]�t����ÅZ¯� ,Ê°�y|�Z]� ��ªË���¾ËY� �Y� ÃZÌ³

Ê»��ÅZ¯� Y�� ©� e� ½Y�Ì»�±�]� t����ÅZ¯� Z»Y� |Å{
�µZ^¿{�Ä]�Y��{�°¸¼���ÅZ¯�Á�Ã|���fÀ�Âf§��ÅZ¯�h�Z]

� {�Y{(Michelbart et al., 2006)� �Ê���]�½Z�¿� Z»�ÉZÅ
Ê»��{� ±�]� t����ÅZ¯� �Y� ¾ÌWZf]� ¾Ì�ËÔ³� Ä¯� |Å{

��ËY��Ê»�É�Ì³Â¸m�Ê°�y�t���¾Ì]�Ê§����Y�Á�|À¯
� Á� ±�]RWC�{ÂmÁ� ÊËÓZ]� �ZÌ�]� Á� d^j»� Ê´f�^¼Å�

� {�Y{�� µÁ|m�� ��Z]� ¾ÌWZf]�¾Ì�ËÔ³� |Å{�Ê»�½Z�¿� Ä¯
����ÅZ¯� �Y� �¿Z»� ±�]� [M� ½Y�Ì»��ËY�§Y///�±�]� t

Ê»{Â�� ��d�¸£mM��Ê»�¾ÌWZf]�¾Ì�ËÔ³��h�Z]�|¿YÂe
É�Â���Àe�dve�½ZÅZÌ³��{�±�]�t����ËY�§Y�Z»Y�{Â��

� d�¸£mM��Ê»� ÃZÌ³� �{� dÌ¼�� {ZnËY� h�Z]��{Â�
(Lopez et al., 2002)��Ê»�½Z�¿�cZ�ËZ»�M�lËZf¿�Ä¯�|Å{

d�¸£� {�]�Z¯� ÉZÅ�� ,��� Á���Ê¸Ì»��¾Ì�ËÔ³� �ÓÂ»
�É�Ì³Â¸m��Àe��ËY��� �{�±�]�t����ÅZ¯� �Y�¾ÌWZf]

Ê»�d�¸£� Z»Y� |À¯��Ê¸Ì»��,dÌ¼�� {ZnËY� ¶Ì·|]� �ÓÂ»
Ê¼¿ÅZ¯��Y�|¿YÂe±�]�t�����|À¯�É�Ì³Â¸m��Â´¿Y�ÉZÅ

(Michelbart et al., 2006)� �Ê»� � ½Z�¿� cZ¬Ì¬ve�|Å{
Ä¿�Á�� ,Ê]M�º¯�Ä]��À¯YÁ� �{� ÃZÌ³Ê»� Y��{Ây�ÉZÅ�,{|À]

Ä¿�Á�� ½|�� Äf�]�\Ë�ze� h�Z]� Ê¿ÓÂ�� c|»� Ä]� ZÅ
Ê»�¶Ì§Á�¸¯��ÅZ¯�½M�µZ^¿{�Ä]�Á�d�ÔaÁ�¸¯{{�³� ���]

Äf§ZË� �Z�Yf]� ¾Ì�ËÔ³� ,½Z¬¬v»� ÉZÅÊ»� ¾ÌWZ�|¿YÂe
�|Å{��ËY�§Y�Y��¶Ì§Á�¸¯�½Y�Ì»(Blunden et al., 1997)�

¶Ì§Á�¸¯�d�§Zv»�h�Z]� ZË� {Â�� ZÅ(Gadallah, 2000)��
Äf§ZË�Z]�lËZf¿�¾ËYÊ»�d¬]Z�»�Z»�ÉZÅ|À¯���d�¸£��ÅZ¯

Ê»�Ê]M�º¯��ËY����{��¶Ì§Á�¸¯�¶»Z��®Ë�½YÂÀ��Ä]�|¿YÂe
Ä¿�Á��Ì£�Ã|ÀÀ¯�{Á|v»|ËM�[Z�u�Ä]�ÉY� ��Ê°Ë�¶ËÓ{��Y

�½Y�Ì»��ËY�§Y��Àe��ËY��� �{� ¶Ì§Á�¸¯�d�¸£��ÅZ¯
�½ZÌ]��Àe��ËY���dve�Ä¯�d�Y��ÔÌ§Á�¸¯�ºË�¿M�dÌ·Z §

Ê»� LZ¬·Y� ºË�¿M� ¾ËY� ½�{Â�� ��Á� ¾Ì·Á�a� Ä¯� Ã|����Y�³
Ê»� ¾ÌWZf]� ¾Ì�ËÔ³�ºË�¿M� ¾ËY� [�z»�dÌ·Z §� �Y� |À¿YÂe

��{� ¶Ì§Á�¸¯��ÅZ¯� �Y� ª]��� ¾ËY� �Y� Á� Ã{�¯� É�Ì³Â¸m
�//e� �ËY�À//�y� �///¸m� Ê°///Ì³Â///ÀÀ¯� É�////�|

(Ranjan et al., 2001)� �� Ä¸�Zu� lËZf¿� �{�� µÁ|m���
Ê»� Ã|Ë{�h�Z]�¾ÌWZf]�¾Ì�ËÔ³�Á�¾Ì·Á�a��Z¼Ìe�Ä¯�{Â�

±�]� �{�[M��¨u� ZË� Á�[~m�½Y�Ì»��ËY�§Y�Á� Ã|�� ZÅ
�¾Ë�f¼Æ»� Ê]M� \�ZÀ»� dÌ �Á� �{� ¾f§�³� �Y�«� |ËZ�

ZÅ|Ì�YÂÀÌ»M�¾ËY�½{Â]��iÂ»��{��Âf¯Z§�dÌ �Á�{Â^Æ]��{�
|�Z]�Ê°�y��Àe��ËY��� �{� ÃZÌ³� ��Á�Ê¨À»�Ê´f�^¼Å

ÊÀ »� ¾Ì]� Ä¯� É�Y{RWC�{�Y{� {ÂmÁ� ÊaÂ¿Z¯� ÉZ»{� Á�
��µÁ|m���¿�,/Ê»�½Z�Ê]M�dÌ �Á��{�ÃZÌ³�Êf«Á�Ä¯�|Å{

Ä¿�Á�� |�Z]� Äf�Y{� �Y�«�Ê]ÂyÊ»� �Z]� Y�� {Ây�ÉZÅ�Á� |À¯
Ê»�ÃZÌ³�ÉZ»{��ÅZ¯�h�Z]�©� e�Á��Ìz^e{Â�����Â�¿Z¼Å

Ä¯Ê»�ºË�¿M� ½|��µZ §� �Ì£�h�Z]� Z»{��ËY�§Y� ºÌ¿Y{�ZÅ
dÌ·Z §� Á� Ã|�Ê»� µÔfyY� �Zq{� Y�� ÃZÌ³� ÉZÅ|À¯� ���{

��ÅZ¯�h�Z]�Ä¯�¾ÌWZf]�¾Ì�ËÔ³�Á�¾Ì·Á�a��Z¼Ìe�ÄnÌf¿
Ì³�ÉZ»{//Ê»� �Ã|��ÃZ��{�ÓZ]�ÉZ»{���»�cY�iY� �Y�|¿YÂe

|À¯� É�Ì³Â¸m� ÃZÌ³� ���]Ze� Ä¿�Á�� ½|�� �Z]� ½Y�Ì»� ½Âq
¸�� Ê]M� dÌ �ÁµÂÊ»� ,d�Y� Ä¿�Á�� �§Zv»� ÉZÅ�½YÂe

��ÌiZe�\mÂ»�ÃZÌ³�[M�½Y�Ì»��{�É�ÌÌ¤e��Å�d�Y{��Z�f¿Y
Ä¿�Á�� ½|�� Äf�]� Á� �Z]� �]� {{�³� ZÅ(Taiz & Zeiger, 

2006)�� ��Ä¯�Ê¿ZÅZÌ³�|Àf§ZË�{�{Ây�cZ¬Ì¬ve�{�½Z¬¬v»
�[~m�|ÅZ��Ä]�d^�¿�,|¿{Â]�Ê°�y��Àe��Zq{Co2��Ä]

{�]�Z¯� Z]� Z»Y� |Àf�Y{� É�f¼¯� \eY�»�¾ÌWZf]� ¾Ì�ËÔ³�
Ì»///m�½Y�////�[~Co2§Y�////Ìa��ËY�////Ê»�Y|À¯///| 



���� ������������Ä¸n»�Ê¿Z^£Z]�¹Â¸��½Y�ËY�Ã�Á{���Ã�Z¼��,��,���� 

 (Xing & Rajashekar, 1999) �½M��´¿ZËZ¼¿��Â�Â»�¾ËY
�Ê°�y��Àe��ËY����{�¾ÌWZf]�¾Ì�ËÔ³�{�]�Z¯�Ä¯�d�Y

Ä¿�Á�� ½|�� Äf�]� �Y��ËY�§Y�\^�� Á� Ã{�¯�É�Ì³Â¸m� ZÅ
Ì³� Ä]� ¾]�¯� |Ì�¯Y� É{� {Á�Á/Ê»� Á� Ã|�� ÃZ�Z]� |¿YÂe�h

�Ã|ÀÀ¯{Á|v»�¶»YÂ�� �Y�Ê°Ë� Y�Ë�� {Â�� �fÀ�Âf§��ËY�§Y
d�Y�¾]�¯|Ì�¯Y�É{� {Â^¼¯� ,�fÀ�Âf§� ��Êf«Á�Ê§��� �Y

Ä¿�Á��Ê]M� º¯� Ä]��À¯YÁ� �{� ÃZÌ³Ê»� Y�� {Ây�ÉZÅ�,{|À]
Ä¿�Á�� ½|�� Äf�]�\Ë�ze� h�Z]� Ê¿ÓÂ�� c|»� Ä]� ZÅ

¯�½M�µZ^¿{�Ä]� Á�d�ÔaÁ�¸¯///Ê»�¶Ì§Á�¸¯��ÅZ�{{�³
(Robinson & Jones, 1986)���

Ê¸¯�É�Ì³�ÄnÌf¿��
�Á�¾Ì·Á�a�{�]�Z¯��iY��{�ÃZÌ³�ÉZ»{�Ä°ÀËY�Ä]�ÄmÂe�Z]
�[M�Ê^�¿�ÉÂfv»� Á� {�¯� Y|Ìa��ÅZ¯�¾ÌWZf]�¾Ì�ËÔ³
�¾Ì�ËÔ³� Á� ¾Ì·Á�a� �Z¼Ìe� Á{� �Å� �{� ¶Ì§Á�¸¯� Á� ±�]

À »��Â��Ä]�¾ÌWZf]/Ê���Y��eÓZ]�É�Y{//»M�d�|]�|ÅZ//�,|��
Ê»�¾ËY�]ZÀ]ÄnÌf¿�Ä¿Â´ÀËY�½YÂe�¯�É�Ì³a�Ä¯�{/Ì·Á�//�Á�¾��

ÄeÂ]� ¶¼ve� �ËY�§Y� \^�� Á{� �Å� ¾ÌWZf]� ¾Ì�ËÔ³�ÉZÅ
Ê»�Ê°�y��Àe� Ä]� �Â´¿Y|¿Â�� ��\^��¾ÌWZf]�¾Ì�ËÔ³

�¾Ì·Á�a� Á� |�� µÂ¸v»� ÉZÅ|À«� Á� ±�]� t��� �ËY�§Y
d�Y|¿�d¨��Á{�¾ËY��]�É�ÌiZe� �Ê»�¾ËY�]ZÀ]�ÄnÌf¿�½YÂe

��Y��f�Ì]�\eY�»�Ä]�¾ÌWZf]�¾Ì�ËÔ³�cY�iY�Ä¯�{�¯�É�Ì³
�ad�Y�¾Ì·Á���

�Ê^�¿�ÉÂfv»�cY�ÌÌ¤e�|��{�Ä°ÀËY�Ä]�ÄmÂe�Z]�¾ÌÀr¼Å�
�Z]�º«���ZÆq��{�±�]�ÉZ»{�Á�¶Ì§Á�¸¯��yZ��,±�]�[M

ÊÀ »�cÁZ¨e�ºÅ�±�]�t���d¨��Á{��{�Á�|Àf�Y|¿�É�Y{
�|��Ã|Ë{�cÁZ¨e�Ä¯�µÂ¸v»�ÉZÅ|À«�Á�¶°���,��,��Á�

�� �Ä¿Â³� Ä]�{�Â»� �{� ��Z«� �Â�� Ä]� ½YÂf]� Ä¯� {Â^¿� ÉY
fÆ]��À¯YÁ�{�¯�d^v��ZÅ�Z¼Ìe�Ä]�d^�¿�¹Z«�Y��Y�Ê°Ë��

À]//Ê»�¾ËY�]Z^Àf�Y�½YÂe///¯��Z/////Ì·Á�a�Ä¯�{�///�Á�¾
³///ÌWZf]�¾Ì�ËÔ////Ê»�¾À¿YÂe///��Â¿� Ä]� ÄmÂe�½Á|]� |
«�////§Y� dÆm� �{� º////¼ve��ËY�///��{� Ê°�y� Ä]� ¶
´¿Y///Ì¨»��Â///«YÁ�|///���//¿Â///|���

� �
REFERENCES 
1. Abbaszadeh, B., Sharifi Ashourabadi, E., Lebaschi, M. H., Naderi Hajibagher Kandy, M.  & 

Moghadami,�F. (2008). The effect of drought stress on proline contents, soluble sugars, chlorophyll and 
relative water contents of balm (Melissa officinalis L.). Iranian Journal of Medicinal and Aromatic 
Plants, 23(4), 504-513. (In Farsi). 

2. Arafa, A. A., Khafagy, M. A. & El-Banna, M. F. (2009).  The effect of glycinebetaine or ascorbic acid 
on grain germination and leaf structure of sorghum plants grown under salinity stress.  Australian 
Journal of Crop Science, 3(5), 294-304. 

3. Bajji, M., Lutts, S. & Kinet, J. M. (2001). Water deficit effects on solute contribution to osmotic 
adjustment as a function of leaf ageing in three durum wheat (Triticum durum Desf.) cultivars 
performing differently in arid conditions. Plant Science, 160, 669-681. 

4. Barker, D. J., Sullivan, C. Y. & Moser, L. E. (1993). Water deficit effects on osmotic potential, cell wall 
elasticity and proline in five forage grasses. Agronomy Journal, 85, 270-275. 

5. Blunden, G., Jenkins, T. & Liu, Y. W. (1997). Enhanced leaf chlorophyll levels in plants treated with 
seaweed extract. Journal of Applied Phycology, 8, 535�543. 

6. Cha-um, S., Supaibulwatana, K. & Kirdmanee, C. (2006). Water relation, photosynthetic ability and 
growth of Thai Jasmine rice (Oryza sativa L. sp. indica cv. KDML 105) to salt stress by application of 
exogenous glycinebetaine and choline.  Journal of Agronomy and Crop Science, 192, 25-36. 

7. Chaves,  M. M., Pereira, J. S., Maroco, J. P., Rodrigues, M. L.,  Riccardo, C. P. P., Osorio, M. L., 
Carvalho, T., Faria, T. & Pincheiro, C. (2002). How plants cope with water stress in the field. Annals of 
Botany, 89, 907-916. 

8. Gadallah, M. A. A. (2000). Effects of acid mist and ascorbic acid treatment on the growth, stability of 
leaf membranes, chlorophyll content and some mineral elements of Carthamus tinctorius, the safflower. 
Water, Air, & Soil Pollution, 118, 311-327. 

9. Gadallah, M. A. A. (1999). Effects of proline and glycinebetaine on Vicia faba responses to salt stress. 
Biologia Plant, 42, 249�257. 

10. Hanson, A. D. & Hitz, W. D. (1982). Metabolic responses of mesophytes to plant water deficit. Annual 
Review of Plant Physiology, 33, 163-203. 

11. Hekmat Shoar, H. (1993). Physiology of Plant in Difficult Conditions. Niknam Publication. (In Farsi). 
12. Heuer, B. (1994). Osmoregulatory role of proline in water-and salt -stressed plants. Handbook of Plant 

and Crop Stress, 363- 481. 
13. Hoekstra, F. A. & Buitink, j. (2001). Mechanisms of plant dessication tolerance. Trends in plant science, 

8(9), 431-438. 



� �Ê¿Z»��|¼v»½Y�Z°¼Å�Á���iPeÌ��{�]�Z¯�·Á�aÌ¾�Á�Ô³Ë�Ì¾�]WZfÌ¾���� ���� 

14. Incharoensakadi, A., Takabe, T. & Akazawa, T. (1986).  Effect of � betaine on enzyme activity and 
subunit interaction of��ribulose-1,5-biphosphate carboxylase oxygenase from Aphanothece halophytica. 
Plant Physiology, 81, 1044�1049. 

15. Ingram, j. & Bartles, D. (1996). The molecular basis of dehydration tolerance in plants.  Annual Review 
of Plant Physiology and Plant Molecular Biology, 47, 377-403. 

16. Iririgoyen, J. J., Emerich, D. W. & Sanches, D. M. (1992). Water stress induced changes in 
concentrations of proline and total soluble sugares in modulated alfalfa (Medicago sativa). Plants 
Physiologia Plantarum, 84, 55-60.  

17. Jolivet, Y., Larher, F. & Hamelin, J. (1981). Osmoregulation in halophytic higher plants: The protective 
effect of glycine betaine against the heat destabilization of membranes. Plant Science, 25, 193�201. 

18. Kafi, M., Borzoee, A., Salehi, M., Kamandi, A., Masoumi, A., & Nabati, J. (2010). Physiology of 
Environmental Stress in Plants. Jahade Daneshgahi Mashhad Publication. (In Farsi). 

19. Jones, R. G., Storey, R., Betaines, L. G. & Paleg, D. (1981). The Physiology and Biochemistry of 
Drought Resistance in Plants, Academic Press, Sydney, 171�204. 

20. Khochert, G. (1978). Carbohydrate determination by phenol- sulphoric acid method. In the handbook of 
physiology methods. J. A. Hellebust & J. S. Garigie (Eds). Cambridge University Press. 96-97. 

21. Kirnak, H., Kaya, C., Tas, I. & Higgs, D. (2001). The influences of water deficit on vegetative growth, 
physiology, fruit yield and quality in eggplants. Plant Physiology, 27 (3-4), 34-46. 

22. Laurie, S. & Stewart, G. R. (1990). The effects of compatible solutes on the heat stability of glutamine 
synthetase from chickpeas grown under different nitrogen and temperature regimes. Journal of 
Experimental Botany, 41, 1415�1422. 

23. Leopold, A. C., Sun, W., Sun, Q. & Bernal-Lugo, L. (1994). The glassy state in seeds: analysis and 
function. Seed Science Research, 4, 267-274. 

24. Lopez, C. M. L., Takahashi, H. & Yamazaki, S. (2002). Plant-water relations of kidney bean plants 
treated with NaCl and foliarly applied glycinebetaine. J. kidney bean plants treated with NaCl and 
foliarly applied glycinebetaine. Journal of Agronomy and Crop Science, 188, 73�80. 

25. Makela, P., Munns, R., Colmer, T. D., Condon, A. G. & Peltonen-Sainio, P. (1998). Effect of foliar 
applications of glycinebetaine on stomatal conductance, abscisic acid and solute concentrations in leaves 
of salt or drought stressed tomato.  Australian Journal of Plant Physiology, 25, 655-663. 

26. Mickelbart, M., Chapman, P., & Collier-Christian, L. (2006). Endogenous levels and exogenous 
application of glycinebetaine to grapvines. Scientia Horticulturae, 111, 7-16. 

27. Nilsen, E. T. & Orcutt, D. M. (1996). Physiology of plants under stress (Abiotic factors). Jon Wily & 
Sons, New York. 

28. Papageorgiou, G. C., Fujimara, Y. & Murata, Y. N. (1991). Protection of the oxygen-evolving 
photosystem II complex by glycine betaine. Biochimica et Biophysica Acta, 1057, 361�366. 

29. Ranjan, R., Bohra, S. P. & Jeet, A. M. (2001). Book of plant senescence. Jodhpur, New York. 
30. Rascio, A., Platani, C.,  Scalfati, G.,  Tonti, A. & Di Fonzo, N. (1994). The accumulation of solutes and 

water binding strength in durum wheat. Physiologia Plantarum, 90, 712-721. 
31. Results of statistical design of garden products. (2010). Agriculture Ministry, Iran, 95. (In Farsi). 
32. Robinson, S. P. & Jones, J. P. (1986). Accumulation of glycine betaine in chloroplasts provides osmotic 

adjustment during salt stress. Journal of Plant Physiology, 13, 659�668. 
33. Taiz, L. & Zeiger, E. (2006). Plant Physiology (4th ed.). Publishers sunderland, Massachusetts, 738. 
34. Wiliams, W. P. & Brain, A. P. R. (1992). Dominy, Induction of non-bilayer lipid phase separation in 

chloroplast thylakoid membranes by compatible cosolutes and its relation to the thermal stability of 
photosystem II. Biochimica et Biophysica Acta, 1099, 137�144. 

35. Yang X. & Lu, C. (2005). Photosynthesis is improved by exogenous glycinebetaine in salt stressed 
maize plants. Plant physiology, 124, 343-352. 

36. Yordanov, V. & Tsoev, T. (2000). Plant response to drought, acclimation and stress tolerance. 
Photosynthica, 38(1),171-186. 

37. Xing, W. & Rajashekar, C. B. (1999). Alleviation of water stress in beans by exogenous glycine betaine. 
Plant Science, 148, 185-195. 

38. Zhang, J., Nguyen, H. T. & Blum, A. (1999). Genetic analysis of osmotic adjustment in crop plants. 
Journal of Experimental Botany, 50, 291-302. 

 

 
��


