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 �!$�Triticum boeoticum  4���J?P��5 ��$, ��U$V� ���E �� �.� ��M "�: 4;��W	 XJ�5 "�:��  �K! �� �� ���'	 ��

 � .T�� Y���� Z�;��[�.�  R&	��5 �� 4�P Q5 � 4V,� "�:=�H�T �:�� ��5 4>�; "�: �.'�!�� 4	�����	 ����\�� ��
 ����!�� "?����5����	 4]  4>��? ��90-1389 .� 
�6!� ._���! ���6	 `!����� ��!��� ���L	 4&HJ��� Z�� =�H�T�: �� 


��	 ��L, ��$J 4���� �$T� � G$&	 4'��!# Z�� =�H�T�: �$�. �� ��'V�>$] � �! ×  �� �: �� �V�&� ��? a�� Z�J�� b�>
 Y����Z���E "���� N�#$%$���; 4�.��� �	 ?�� � 4c�	$&; G$&	 ���d Z��	e�� "����.!�$� 4c�	$&; G$&	 ���d Z��	 . �����J

 4��\��: ����d
�6!� � ��L, Z�� [$����� 
�� �� 
�� �� �: �� Y���� R&	 .f�; � .T��  �5 ��� [��!$] ×  b�>
 �	$� G�L	�� � �V�&� ��? a�� Z�J�� �I��� 4��gJ ���!�� ��'V�> .!���. Z�� �� ���>R&	 [�.� Y���� �� �  X�;��V5 hM�� ��!

.� ���� 4!$����� .J ��. �� ���6	 ��$M "�"��� R&	 Y����  Q5�4�P  ��$M _&E� .JP =�� �� =�H�T "�:114 �118 �
176  �216 Z������ Z���� �� =�H�T [�$&> �� �!�� ��'V�> � X�;��V5 hM��.!.� 4����&� ��O� "�: . ���6	 _���!

��$M"� �� JY�� �[�. 	 R& ���� ��$M  �6&J � .�=�H�T "�:3 �10 �12 �52 �120 �127 �257 �277 �320  �485  ?�
����  �
��"���� $] � a�� X�;��V5 hM�� ��!�� ��'V�> Z������ × �� Z�J�� b�>�V�&� ��? a .!�$�.  
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.�J[���'�: � : �H%�IJ	=�H�T 4'��!# G$& "�:Triticum boeoticum  =�	4�P Q5 R&	 � "��> Y����  
  

��'(�  
QOJ ?� 4'� 4'�M � .�� �.&&5 ��.�J XJ�$> Z��	

 ��M�&� [���� � [�OT j��! �g5� �� 4>��? [�:��� .�%$	
4J�$� � �� [�$&> N� R&	 .&k ".H� [�:��� �� �� 

+$I� lV�mJ =�	 	n��S ���f 4J.:� .�� 4] ., �� 
���D� ��5 Z�J? �� �$] ��� 4H��] �� �S� =�%�H;"�: 

\� ���� � [�\!���� ?��� ���J�� �" \5�.�  $T �� Z��5
 ��.i=L:Q:� �T�� 4�!�� ���� ��J�� �.� =�� �5 

Z����OJ �S� Z�� R��J�� ���o	 pP � "�$: 4V5 �Z�J? 
���o	 ���.�J"�: 4��J� �� "?����5 � ?��� R&	"�: 

4'�M � 4��J� =�� )Solomon et al., 2007( . Z�� ?�
��  "��� +�,�.�%$	  
�f�� ?� ����$M�� X��	 ����� �� Z��

R&	=�� =��:� "���� �: .�!$�"�: 4�i� 
.&� 
4J .&!�$	 XJ�i q��&J �$�%��"� ?� [#"�: .�LJ ?� r��% 

=J���J �� R&	"�: 4I��J .&��� .Z�����&� q�T�"��P 
�.O�!�"� 4���?�� � �����5 �!$� Z�� �:�� [�$&> q��&J 

4'��!# .&J�$� "��� R:�5 ���P "��DE 4'��!# 
�f�� 

.&� �� Y���� R&	 �4I��J �� �V��� [�WWm�J +�,� 
���! �� ����� ��!� �� �i 4E"��� =��.  � ��T�:

 Z�5�$:)Hajjar and Hodgkin, 2007 ( 4>��? [�:���
&� �_!�� .&!�J QOJ ��$� � 4&�J? ��� �$T �
.��$J �� 

4���� ���f .!��� � �� [#"�: �!$�"�: 4�i� �5 �� 
�J�!��"�: a��� "��� .�%$	 � 
�f�� .�.T ���L��� �.��.!� 
����� .!��5. G$&	 � R&��� �� Z5� 4V,� �: �J�!�� 

4i�,� ��$� � 
�6!� R&��� j$&J �� �$T� G$&	 p$VIJ 
?� s�i t.: ��$J ���4� 4J.���. 4����"�: �.H�J 

��!��� Z�� =�Hf�� =�� �5 ?$&: ?� G$&	 4'��!# [��� 
�!$�"� 
.&� �� �$] XJ�5 ���L��� �.�! =��.)Sneath 

and Sokal, 1983; Maxted et al., 2006(  Z�����&��  ��
4J �K!Z; �� YV\	 ?� �.T .��"��P =��;$J �[�.J "�:

� �� 4'�J ��	��! +�,� ������\� l�] ?� ���L�� ?� "�
 �$T$J 4'��!# G$&	�!$� � 4V:� 4>��? [�:��� �� "�:

[P �� ��\��� 4�i��:  =��.)De Ponti, 2010(   
[�$'&�� 
.&� )Einkorn( )T. monococcum(  ��

 4J$!# $J�;14=x2=n2 "���� �  
$!#AA�  Z��\m! ?�

.&� �5 =�� 4>��? "�:�!$� [.� 4V:� X,�i  "�:

4�i� T. urartu  �� �T. boeoticum =��  

.(Harlan and Zohary, 1996) 4J �$W	 �5 �$�
�!$� ��I&J ?� [�$'&�� "�: X,�i �: v����M  ���M

N���! )Z��Z��O&%� (4J ���k��.!��� )Stallknecht et
al., 1996 .(4'� ?� =�: �5�J QOJ R��.�E [�:��� �5 

Y�$	 t$V���� .&��!�� 4��� 5l� � 4;�HJ �.���� 
Rm� 4H��� ?� =�\f"�: p�� � ��� p�� [���� �� 

4J XJ���$� . 4i�$! Z�� Z������� ?� 4'� [�$&> ��
 4V:� � R��.�E 4V,� �5��J ?� 4'� � 
.&� 4!# [?�mJ

 4�i� �!$� [.�T. boeoticum 4J ��M�&�.!$� 
)Kimber and Feldman, 1987; Fakhre-Tabatabaei 

and Ramak-Massoumi, 2001( .�Z�����&� 4J [�$	
�$W	  [��� � Z�� 4'��!# G$&	 ?� 4�e�� wI� �5 ��5

=�H�T "�:T. boeoticum  ����� �$T� 4i�$! Z�� ��
.��� )Naghavi et al., 2009(.  [���'�: � "$�!

)Naghavi et al., 2009 ( .,=�H�T ?� T. boeoticum 
��  ?� �5Rm�! �	 4��� ��� "�: 4��� p$&T 4i�$ [����

q�T�$� �.� "��P�  4%$'%$J "�:��!��! N�5 ��SSR  �
4�*������ "�:4��&�  �H%�IJ.!��5  ?� ���L��� �� � ���6	
��$M"� ���� Z�� �� 4�e�� ����	�: ��� [��!.! .  

�H%�IJ x�	$!# N�'L	 � 4'��!# G$&	 �: ?� y��] 
4���� �T�� =:��� � ���L	 "��.H	  ?�!�!$� [�'J� ��DE 

4J���� � j�� 
�6!� [P ����".&� �!$�!�: �� ���L��� ?� 
���HJ ����	 �� 
.> ����	 =�� .��$M ���6	 ?� 4'� "�
C������ "��� ���&J "�: x�	$!# ".&� �� �5 =�� �:

 [�:��� �� 4'��!# G$&	 "$�%� ���6	 "��� 4H��� �$]
4J ���f ���L��� ��$J 4>��? ����� �� �� �� �5 "�$] "��*!

��$M ���6	 ?� 4V,� t.: 4:��� ���� �"�x�	$!# ".&� �:
=�H�T �� �.!��� Q: �� �� �V,�; Z������ �5 =�� 4��: .

t.: ?� Z�� �R:�*E 4���?�� � Z��H	 G$&	 4'��!# 34 
=�H�T T. boeoticum ?� �K! ���,$WM 4>��?  �

N�#$%$���; =�	 Y���� "����P $�HJ � &	Q5 R  �4�P
Z��H	 � �H%�IJ ��$J ��L, =S��� 4���� Y���� [��J 

��'V�> �$� ��L, ���� � �!�� .  
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?%5 % ������  

 � 4>��? ��L, ?� 4M�� G$&	 �H%�IJ �$K&J ��
 N�#$%$���;[P "�� 4'�M R&	 �S� 4���� ��:� 4���J?P 
?� ���L��� �� 34 �!$� ?� =�H�T T. boeoticum  �5�� 

G$&	 4���;��oT  [���� p�� ��� � p�� 4i�$! ?� ���&J
q�T.!$� �.� "��P ) �.T1(�  
�6!�.�.   R��J?P ��

 4>��? ��90-1389  �.'�!�� 4	�����	 ����\�� ��
 ����!�� "?����5 �_5�5 �� qf�� ����	12  v�� "��J$V�5

 �� �����	46  � �T��17  � 4f�� $] ���f�38  � �T��3 
 G�L	�� � 4%��� b�> ���f�1360 ��J ���� wI� ?� 

)Jafarzadeh et al., 1997(� ��5 +�] �%�f �� ��M "�:
U$V� ���E �� �.�5 "�:4;��W	 XJ� ��  
�6!� ���'	 ��

.�.  � R&	 .T�� Y���� XJ�� wI� �� �� 4�P Q5 R&	

=�H�T � 4V,� �$�5�; [�$&> �� "��>4���� ��$J "�:  ��
.!.� ��;�� �K! �� 4>�; �$�5�; [�$&> . �� R&	 Y����

 z�5 ��m�	 N��	 z���A  wI� �� ��80 4V�J  ��J
)"��> Y���� ( �170 4V�J  ��J)����R&	 Y ( ��T� ��

.� ����D� . N�#$%$���; 4�.��� [�J? �	 R&	 ��>�
=;�� �J��� .��5 �� =�H�T �: N� $] �� 4���J?P "�:

 b�> � ��J20 4�!��  � ��J l��� "�� �V,�;10 
4�!�� ��J  =�5.�. �� Xi��J lV�mJ .�� � $�! ���� 
4M�� ?� ��L, � 4>��? 4'�#$%$���; ?� X��f ��	$� G�L	�� 
$]×  �V�&� ��? a�� Z�J�� b�>)� � [�$� Nk$5 X�%�

Qk�E a��( �	 ?�� �a�� "�J� �a�� X�;��V5 hM�� �
 �� �!�� ��'V�> �N�#$%$���; 4�.��� �	 ?�� ��V�&� �$O{

 �!�� [.� �E ���� � �V�&���$J �?�.!�"��� ���f .&�;��.  
  

 �.T1- � n�&J  q�T 4i�$! "��P34 =�H�T   Triticum boeoticum  4���� ��$J 
Table 1. The origin and site description of the 34 populations of Triticum boeoticum under study  

l��� 
No. 

=�H�T 
Population 

q�T X�J "��P  
Collection site 

l��� 
No. 

=�H�T 
Population

q�T X�J "��P  
Collection site 

1 3 4��� [�6����|P -  ���T=���� �� ����OJ  18 171 [����%-���P 
�M -  ����%�30���%� �	 ��J$V�5 
2 4 ���!�J�5- [��?$5 ���!�$T ���T "�.���  19 176 [����%-
�M���P- 20.�c� "��J$V�5=�� 
3 10 [�����5 - ��� �J$i 20 177 [����%-��J$V�525 
�M ���T���P- =��.�c� 
4 12 ���!�J�5- Z���: ���T - �	a�  21 179 ���!�J�5- ���P .�� �� ��&� - z�L%��| "����� 
5 16 ���!�J�5- ���!�$T 4:�� ��  22 181 ���!�J�5- ��&�  
6 18 [����%- 
�M � .!$Vok Z�����P  23 207 [����%- �$!  ���T ���P- Z���: 
7 19 ���!�J�5-���!�J�5 ���T- 5[����J�5 "��J$V�5  24 216 4f�� [�6����|P- ��: - ����V530���V5 �	 ��J$V�5 
8 52 [����%- .�c�[����% =��  25 230 [����%- ��J$V�55���%� ���T- ���P?���; 
9 102 ���!�J�5-���!�$T ���T - ������ "����� ����E  26 257 ���!�J�5- ��&�- .�����P - ��f "������c	 

10 114 Z���f-[��%�]- ��$��	 =�� "�����  27 277 J�5���!�- ��&� ���T 
11 118 [����%-��J$V�535 
�M"��J =�� ?� ���P  28 316 [����%-��J$V�530 
�M���P- =�.�c� 
12 120 [����%- .�c� =��)��? X�(  29 320 ���!�J�5- ��&�- .����f "����� ����P�c	 
13 125 ���!�J�5-Z���: ���T - �$!a��	 "����� ?� .H� ����P 30 368 �
��- �V�P�� - �$5 =�!�J �&J�� 
14 126 [�.�:-���P.��- 6Z\i ?� X�f ��J$V�5���P  31 372 [����%-����� ���T - 
�M��J$V�5 ����P 35
�M���P 
15 127 ���!�J�5-Z���: ���T - �$!����P �� "����� .�L�  32 407 ���!�J�5-
��� ���T���P - ��J$V�5 �.!�5 1��\M���P 
16 155 [����%-���P 
�M ���T -  =�� .�c�  33 484 ��M�&��! 
17 162 "����m� � ��J��Ok - }�;�O�  34 485 [�����5 - ���  
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� "��P q�T ?� .H����b�; "���f�� � �: ���6	 "�:

 =��g	 �$K&J �� ���o�J .&k `!����� ���6	 �`!�����
`c� � .� 
�6!� �� G$! "�IM ���6	  `!����� "���

4J��	 ��L, �?�.!�"��� �� �.� =�H�T"�: ��$J �H%�IJ 
 �!���.T �$] �� Y��J �: "��� � ��E =�Vc�� ��$, ��

U$V� ��$, ��;��W	 XJ�5 "�:.� 
�6!� 4. �� 4	�L, �5 
=�H�T Z�� `!����� �: 4&HJ��� �.� "��T� `!����� � 

G$&	 ����d 4'��!# � 4c�	$&; � Q: Z�&k ����d 
4��\��: .!.� ���P�� ����. 
�� �� 
�� [$����� ?� "��� 

Z��H	 4	�L, �5 Z������ [���J G$&	 ��'V�> �!�� �� �� 
Y���� R&	 .f�; � .T�� ��T$	 4J&5�.& ���L��� .�. 

"��� ����".&� �!$�!"�: ��$J �4���� �� �� Y���� .T�� 
� [�.� R&	���6	 � ��$M"� "��� �H%�IJ ��$J ��L,  ��

Z��!��J ?� ���L��� �� � ���� C�� � �.� ���.!���� "�:
.� 
�6!� 4�.�Vf� �V,�;. "��� Z��H	 C�� �I�! �� �� �K! 

Z�;�� �����: �� [�$&> ����	 � =�H�T[��� "�: �: ���� 

�� [�$&> ���'	 ?� ���6	 .&k `!����� ��o�J.� ���L��� �. 
���6	 � X�V�	 �����: �� ���L��� ?� 
�! ���;� 16.SPSS 
��$, =;��.  

  
@�� % A����  

 "��� ���o�J .&k `!����� ���6	 ?� X,�i _���!
=H�T �.T �� �H%�IJ ��$J "�:2 =�� �.���� ~�� . ��

���4%�e �S� �"��E �S� �`'V�� "�.!e [$J?P ��Ok �: z- 
���� Z������� � �&�V�:  Z�� ��! � R&	 +$I� Z�� "��

=�H�T4&HJ t��M� �:.� �.:��J "��� . X����J �S�
=�H�T × ���� Z������� [$J?P "��� �O&	 R&	  �� � "��

4&HJ .,�� N� ���i� wI�.���� ��� . _���! Z��
P ��!����! ��$J ��L, ?� 4'� �K! ?� Xf�.i �5 =�� [

4&HJ t��M� �H%�IJ=�H�T Z�� "������� �$T� �:.

  
 �.T2- �� 4���� ��$J ��L, "��� ���o�J .&k `!����� ���6	 34  =�H�TTriticum boeoticum  

Table 2. Multivariate analysis of variance for studied characters in 34 populations of Triticum boeoticum 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

���JP ��.�J 
Test statistic 

              [$J?P 
      Test 

�����o	 q��&J 
S.O.V 

0.418** Pillai's Trace 
4�P Q5 R&	 

Water stress 
0.582** Wilks' Lambda 
0.718** Hotelling's Trace 
0.718** Roy's Largest Root 
0.299** Pillai's Trace 

M4V,� ��5 "�I 
Ea 

0.722** Wilks' Lambda 
0.355** Hotelling's Trace 
0.226** Roy's Largest Root 
3.189** Pillai's Trace 

=�H�T 
Population 

0.005** Wilks' Lambda 
11.483** Hotelling's Trace 
6.348** Roy's Largest Root 
1.744 Pillai's Trace 

H�T X����J �S�R&	 � =� 
Population × Water stress 

0.132 Wilks' Lambda 
2.387 Hotelling's Trace 

0.572** Roy's Largest Root 
** 4&HJ���i� wI� �� ���.,�� N�              .** Significant at 1% probability level. 
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4&HJ t��M� ���o�J N	 `!����� ���6	�� "���  Z��

+$I� �$�5�;  4>�;)=�H�T ( ��� [��! ��L, ��V5 "���
�5 =�H�T [��J �� G$&	 �$T� ��!���� ��$J "�: 4���

=�� ��L, Z�� "��� .=�H�T X����J �S� ×  R&	�O&	  "���
4&HJ a�� X�;��V5 hM�� � a�� "�J� ��L, ���.� . �S�

a�� "�J� � �	$� G�L	�� �� R&	 4&HJ �$� ���) �.T3 .(
4&HJ ��;��M� �$T� 
.>+$I� Z�� �� ��L, �g5� �� ��� 

�$�5�; 4V,� )R&	 4'�M (�e���i��]�M ��  ���J=J 
x�	$!# �����=�� 4'�M R&	 �� 4�i� �!$� Z�� "�: 

)Kimber and Feldman, 1987; De Ponti, 2010(. 
 [$'%��)Valkoun, 2001 ( 4�i� ��.T� �5 =��� ��O{�

 "���P v�� � p$&T N�M ���! y]�&J 4J$� �
.&�
����� �� 4�$M �� �6��! �� � .&�\: "�5�J R&	  ��� "�:

�� �%�� ��: �5 �.!?  4��$: � pP �����o	 �� y]�&J ��:
4J ���'	���5 �.�E C?�� �$� �� [����: $] �� � .!�

[# ?� 4�e�� G$&	[P �� R&	 �� X��	 "�:� �: � �$T�
=�� �.JP.   

 ��� [��! ��! Y��J �: "��� �!���.T `!����� ���6	
 �5�T ��  �R&	 Y���� �� a�� X�;��V5 hM�� "���

t��M� �H�T [��J="��� �: ��L, ��V5 �� �� �:  Y����
R&	 � [�.� R&	 4&HJ��� =�� )�����.�! ~�� �:.!�(. 

 [���'�: � "$�!)Naghavi et al., 2009 ( ����	 ��!
 �� �� 4�e�� Z��=�H�T "�:T. boeoticum  C����

�5.!�.  
"��� Z��H	 [���J ��S�	 R&	 4'�M "��  ��$J ��L,

�4���?�� Z��!��J  ��L,=�H�T�� �: Y���� R&	 � [�.� 
R&	  4�P Q5�� Q: �\���J .!.� ) �.T4  X'� �1.( 

 �T �� 4���� ��$J ��L, ��V5 R:�5 s>�� 4�P Q5 R&	
 � a�� "�J��	 ?��  �V�&� �$O{.� �S� �� �5 "�$] �� �

 �	$� G�L	�� R&	)36/9 .,��( �$]×  a�� Z�J�� b�>
 �V�&� ��?)32/7 .,�� (�� ��'V�> � �V�&� �� �!)84/6 

.,��(  .&�;�� R:�5 ��L, ���� ?� �����) X'�1.(

 �.T3- �� 4���� ��$J ��L, `!����� ���6	 34  =�H�TT. boeoticum 4�P Q5 R&	 .T�� � .f�; Y���� �� 
Table 3. Analysis of variance for studied characters in 34 populations of T. boeoticum under normal and water deficit conditions 

�����o	 q��&J 
S.O.V 

 �T��
"��?P 
df 

�	$� G�L	�� 
PH 

 $]*  b�>
a�� Z�J��  

LA 

X�;��V5 hM��
a��  

CHL 
a�� "�J�  

LT 

�$O{ �	 ?��
�V�&�  
DH

4�.��� �	 ?��
N�#$%$���;  

DPM

 ��'V�>
�!��  
SW  

�E ����
�!�� [.�  

GFP
���'	  

Replication 2  1248.99 16.56 63.10 **103.00 4.66 6.87 0.075 6.73 
4�P R&	  

Water stress  1  *2055.36  10.79 51.48 **388.38 4.53 3.44 0.064 15.89 
 "�IM1 
Ea  2  92.47  **7.69  **182.53  0.68  5.25  **23.50  0.004  *16.38  

=�H�T 
Population  33  **176.99 **10.95 53.01** *11.04 **80.26 **32.16 **0.025 **17.68 

R&	*=�H�T 
Population* 

Stress  
33  55.12 1.14 *40.41 *8.10 4.71 2.92 0.007 4.75 

 "�IM2 
Error  132  51.25  1.48  23.13  5.29  4.59  3.04  0.007  5.00  

* �** �� ��	�	 4&HJ ����� wI� ���i� 5 � 1       %                                                            *, **Significant at 5% and 1% levels of probability, respectively 
GFP, SW, DPM, DH, LT, CHL, LA and PH: Grain Filling Period, Seed Weight, Days to Physiological Maturity, Days to Heading, Leaf 
Temperature, Chlorophyll Index, Leaf Area and Plant Height, respectively. 

  
 �.T4-  �� 4���� ��$J ��L, Z��!��J34  =�H�TT. boeoticum 4�P Q5 R&	 .f�; � .T�� Y���� �� ��  

Table 4. Mean of studied characters in 34 populations of T. boeoticum under normal and water stress conditions 

�!�� [.� �E ���� 
GFP (day) 

�!�� ��'V�>  
SW (gr) 

�	 ?��4�.���
N�#$%$���;  

DPM

�$O{ �	 ?��
�V�&�  
DH

a�� "�J� 
LT (oC) 

 X�;��V5 hM��
a�� 

CHL (spad) 

 $]*  b�>
a�� Z�J�� 
LA (cm2) 

G�L	�� �	$� 
PH (cm) 

Y����  
Condition 

29.94 0.45 100.77 70.82 **30.37 44.32 6.27 *67.77 �J�! 
Normal 

29.38 0.42 99.45 71.12 33.13 44.31 5.81 61.42  R&	 4�P Q5  
Water  stress 

* �** �� ��	�	 4&HJ ����� wI� ���i� 5 � 1            %                                                           *, **Significant at 5% and 1% levels of probability, respectively  
GFP, SW, DPM, DH, LT, CHL, LA and PH: Grain Filling Period, Seed Weight, Days to Physiological Maturity, Days to Heading, Leaf 
Temperature, Chlorophyll Index, Leaf Area and Plant Height, respectively. 
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 X'�1 -  R&	 [�.� Y���� �� =�\! 4�P Q5 R&	 Y���� �� �H%�IJ ��$J ��L, R:�5 .,�� ��34 =�H�T T. boeoticum .  
Figure 1. Percent reduction of studied characters under water stress condition as compared with normal condition 
in 34 populations of T. boeoticum. 

��!�� - $'!�� � [���'�: )Sánchez-Blanco et al., 
2004 (�.!��5 C��� �5 R&	 4'�M wI� a�� � =>�� 

.�� [P �� 4J R:�5.:� . R��J?P Z�� �� �5 .&k �:
 � a�� "�J� �T �� ��L, 4J��	 Z��!��J�	 ?��  �$O{

� ?� ����� �J�! Y���� �� �V�&���$� 4�P Q5 R&	 Y��� 
 pP �$��5 R&	 � �J�! Y���� Z�� t��M� ��i Z�> ��

	$� G�L	�� ��L, "��� �O&	4&HJ a�� "�J� � � �.� �� . ��
 `�$�� �)Earl and Davis, 2003 ( �5 .!��5 [�$&>

�!?�� [.� ��\� s>�� pP �$��5 v�H	 [���J R:�5 � �:
4J "�J� R���;� �T$J X�> Z�� � �$�4J a������ .

 =�	 �� �	$� G�L	�� R:�5 [����J ?� 4M�� ��H%�IJ _���!
��� [��! pP �$��5 R&	 Y���� =�� �)Nabipour et

al., 2002; Bashar et al., 2003( . [���'�: � ".��J
)Mohammadi et al., 2006 ( R&	 �5 .!��5 [�$&> ��!

 R:�5 s>�� 4�P Q571/21 .,��" .� �	$� G�L	�� .�� Z
 [����J�� �T$	 �� �5 Z�� ��$J 4��D� �� ��$, $V�J �� 

pP pDT ���� 4J�.!$�  �R&	 Y���� �� �5 .!��5 [�$&>
=���.�J �� q��&J 4�P �6&J �� =���.�J �� ��V5 q��&J 

�.� 4��D� � ���� �$�6J �� Q5 [��5 .�� 4���� � 
��	� 
��? 
��&: �Vi�J 4���� � G��� �Vi�J 4���? 4J���� �
�� ��6��! ���� �".�� �G�L	�� $] �V�&� � 4V,�  ��'V�>

4J R:�5.��� .Z�� G$d$J  ����J ��)Mitra, 2001 (�� 
[�$&> ���; ?� 4'�M ��\L	 ���5 � �5 =��� [��� Z�� 

Q\�!�'J XJ�� $�! 4'�#$%$&;  q���)4:.V� � 4�.��� 

��&:��?(� t�IH!� "��DE "$�! � ���!� �.6J 

"�:�����P ���M| �.� X�f ?� 4:.V� �� �!�� 4J.���. 
4&HJ t��M� �$T� 
.> ��!�� ��'V�> ��L, "��� ���

$] �a�� X�;��V5 hM�� ×  �a�� b�>�	 ?��  �$O{
 N�#$%$���; 4�.��� �	 ?�� � �!�� [.� �E ���� ��V�&�

=�H�T [�\'� @��E �.&:� [��! Z�� "��� 4�i� "�:
 R&	 � �J�! Y���� �� ��L,=�� pP �$��5 . �� �T$	 ��

4J �K! �� _���! Z�� �� =J���J X�\!��E ?� ���L��� �5 .��
=�H�T 4'�M 4�i� "�:4J .!�$	�J�!�� ��  4i�,� "�:
.��� .�LJ �.&�P.   

"��T� ��5`!�� � ����d �����o	 4'��!# � 4c�	$&; 

"��� ��L, ��$J 4���� �� Y���� [�.� R&	 � .T��  R&	
���L��� ��  � �����J ��H��J Z��!��J 4d��� .�J� ?� ��

��	�	 �� �.T"�: 5 � 6 [��! ���� �.�.!� .�� �T$	 �� 
t��M� ���? Z�� ����d �����o	 4c�	$&; � 4c�	$!# �� 
����� ���L, j��&��� 4J�$� �5 ��L, ��$J 4����  ��

"���? ��.�J =�	 ��Sn	 Y��J ���f ��;��.!�.  [�$� Z���E
�����J  "��DE =S���=�H�T Z�� �: ��L, �g5� "���! ��

 G$d$J Z�� �.&:� [��!=��. Z����5 [���J Z�� ����d 
"��� =L, $���; 4�.��� �	 ?��%N�#$ �.:��J .� . ��

 �����J R&	 .T�� Y�����d� �������o	  � 4c�	$&;
 4	�L, "��� 4c�	$!#.&!�J $]× ��? a�� Z�J�� b�>

 �V�&�)40/31 % �70/20(% �V�&� �� �!�� ��'V�> �
)93/22 % �51/7 (% �	$� G�L	�� �)39/16 % �79/8 (%

 �� �\���J �� ��L, Z�� "��� "���? G$&	 �5 ��� [��!
?�� .&!�J 4	�L,  �	 �$O{4�.��� �	 ?�� ��V�&�
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N�#$%$���;�  a�� "�J� � �!�� [.� �E ���� ��

=�H�T  "�:���� �$T� 4���� ��$J ) �.T6.( "�.�i 
)Heidari, 2010 ( 4���� ��XJ�� 
.&� =�H�T N� 9 

 � Qf�36  ?� ��; 4f�	 ?� X,�i ~��! Z���O!P  ��5 C����
�5 d�� �������o	 "��� 4c�	$!# � 4c�	$&;  �!�� ��'V�>

 ?� ����� ���\�4:� �V�&� �	 ?�� .&!�J 4	�L, �  �	 ?��
4�.��� N�#$%$���; =�� .Z�&��:� 4&��$� �  [���'�:

)Boggini et al., 1995( �� 4���?�� 14 x�	$!# 
.&� 

���� Z������ ���d 4c�	$&; G$&	 �� "���  �!�� ��'V�>

 C����.!��5 .4��\��: =�gJ � 4&HJ "��� Z��  ��'V�>
 �!�� � $� N� ?�$]×b�> � �V�&� ��? a�� Z�J�� 

�G�L	�  �� ���� "$� ?� �	$�Y��J R&	 .T�� �$T�  �=���
�� 4%�i �5 4��\��: �!�� ��'V�>  a�� "�J� ��4L&J  �

4&HJ��� �$� . �� ��! �!�� [.� �E [�J?�	 ?��  �V�&� �$O{
J 4��\��:4&HJ � 4L& ��� [��! "���) �.T7 .(4���� 

���d 4��\��: �� [�.� Y����  Y���� .&!��: R&	

4��\��: R&	 .T�� =�gJ � 4&HJ ��� �!�� ��'V�>  ��
$]×b�> � �V�&� ��? a�� Z�J�� �G�L	�  �� �	$� [��!

���.  �� ��! �!�� [.� �E [�J?�	 ?��  4��\��: �V�&� �$O{
4&HJ � 4L&J� "��� =��) �.T8.( [���'�: � �; 4V�;� 

)Afzalifar et al., 2011 (4&HJ � =�gJ 4��\��:���" 
 4�i� "�:$T �� �	$� G�L	�� � �!�� ��'V�> Z��


$�!��!�c�� [���� .!��5 C���� . � 4	$�! Z�� �$T� ��
 [���'�:)Nabovati et al., 2010 (".�! �  [���'�: � �$E

)Naghdipour et al., 2011(  4��\��: 
���� 
.&� ��
4&HJ � 4L&J �.:��J �	$� G�L	�� � �!�� ��'V�> Z�� "���

.!��5 . [���'�: � 4&��.%�5)Calderini et al., 1995 (

.&� [�.J 4>��? 
�f�� �� �5 .!��5 [�$&>�  ��'V�> �$�O�

 �6��! �� � �.� Q:��; �	$� G�L	�� R:�5 y��] ?� �!��
m� �� ��$J ����� ���!� 4���� Rm� �� =�\! 4���? R

=�� ��;�� ��$, z�J$�� �� 4���� ���o	 [�.�.  

  

  
 �.T5- Z��!��J�: ����d �`!����� "��T� ������o	 4c�	$&; � 4'��!# =S��� �  ��$J ��L, "��� "��DE �H%�IJ ��34  =�H�TT.

boeoticum R&	 [�.� Y���� �� 4�P Q5  
Table 5. Means, variance components, genetic and phenotypic coefficients of variation and heritability for the 

measured characters in 34 populations of T. boeoticum under normal irrigation condition 

"��DE =S��� 
h2

B  
 ���d �����o	

4'��!# 
CVG 

�����o	 ���d
4c�	$&;  
CVP

`!�����
4I��J 

VE

`!�����
4'��!# 
VG

 `!�����
;4c�	$& 

VP  
Z��!��J 
Mean 

��L,  
Traits 

44.25  8.58 12.90 18.25 14.49 32.74 44.32  hM��X�;��V5 a��  
CHL (spad) 

9.52  2.46 7.98 5.32 0.56 5.88 30.37 "�J� a��  
LT (oC) 

72.98  5.16 6.05 4.96 13.40 18.36 70.82 �V�&� �$O{ �	 ?��  
DH 

20.56  5.51 12.17 54.04 13.99 68.03 67.77 �	$� G�L	��  
PH (cm) 

40.00  13.85 24.34 0.008 0.004 0.01 0.45 ��'V�> �!��  
SW (gr) 

52.47  20.09 27.78 1.44 1.59 3.03 6.27 
$] * b�>  Z�J��

a��  
LA (cm2)  

60.55  2.13 2.74 3.01 4.62 7.63 100.77 
 �	 ?��� 4�.��

N�#�$���;  
DPM  

31.50 5.36 9.56 5.61 2.58 8.19 29.94 
�!�� [.� �E [�J?  

)?��( 
GFP (day) 

h2
B, CVG, CVP, VE, VG, VP, CHL, LT, DH, PH, SW, LA, DPM and GFP: Broad-sense heritability, genetic 

coefficient of variation, phenotypic coefficient of variation, environmental variance, genetic variance, 
phenotypic variance, chlorophyll index, leaf temperature, days to heading, plant height, seed weight, leaf area, 
days to physiological maturity and grain filling period, respectively. 
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 �.T6 - Z��!��J�: ����d �`!����� "��T� ������o	 4c�	$&; � 4'��!# =S��� �  ��$J ��L, "��� "��DE �H%�IJ ��34  =�H�TT.
boeoticum R&	 [�.� Y���� �� 4�P Q5 4�P Q5 R&	 .T�� Y���� ��  

Table 6. Means, variance components, genetic and phenotypic coefficients of variation and heritability for the 
measured characters in 34 populations of T. boeoticum under water stress condition  

��L, 
Traits 

Z��!��J 
Mean 

4c�	$&; `!����� 
VP 

4'��!# `!����� 
VG 

4I��J `!����� 
  VE 

�����o	 ���d
4c�	$&; 
CVP

 ���d�����o	 
4'��!# 
CVG 

=S��� "��DE
4J$�> 

h2
b 

hM�� X�;��V5 a�� 
CHL (spad) 

43.31 32.88 1.21 31.67 13.23 2.53 3.68 
a�� "�J� 
LT (oC) 

33.13 9.34 1.89 7.45 9.22 4.41 20.23 
�V�&� �$O{ �	 ?�� 

DH 
71.12 15.59 11.86 3.73 5.55 4.84 76.07 

G�L	�� �	$� 
PH (cm) 

61.42 101.35 29.20 72.15 16.39 8.79 28.81 
��'V�> �!�� 

SW (gr) 
0.42 0.009 0.001 0.008 22.93 7.51 11.11 

$]×b�> Z�J�� a�� 
LA (cm2) 

5.81 3.33 1.45 1.88 31.40 20.70 43.54 

 �	 ?���N�#�$���; 4�.�� 
DPM 

99.45 7.92 5.03 2.89 2.83 2.25 63.51 
�!�� [.� �E [�J? )?��( 
GFP (day) 

29.38 6.12 1.56 4.56 8.42 4.24 25.49 
h2

B, CVG, CVP, VE, VG, VP, CHL, LT, DH, PH, SW, LA, DPM and GFP: Between population heritability, 
Genetic Coefficient of Variation, Phenotypic Coefficient of Variation, Environmental Variance, Genetic 
variance, Phenotypic Variance, Chlorophyll Index, Leaf Temperature, Days to Heading, ,Plant Height, Seed 
Weight, Leaf Area, Days to Physiological Maturity and Grain Filling Period, respectively. 

  
  

 �.T7-  �� 4���� ��$J ��L, 4��\��:34 �H�T =T. boeoticum 4�P Q5 R&	 Y���� �� 
Table 7. Correlations among studied characters in 34 populations of T. boeoticum under water stress condition 

��L,  
Traits 

 hM��
a�� X�;��V5  

CHL 
a�� "�J�  

LT 

 �$O{ �	 ?��
�V�&�  
DH 

�	$� G�L	��  
PH 

�!�� ��'V�>  
SW 

$]×b�>
� Z�J��a�  
LA 

4�.��� �	 ?��
N�#$%$���;  

DPM 

 [.� �E ����
�!��  

GFP 
LT 0.02 1       
DH 0.02 -0.09 1      
PH 0.26** -0.34** 0.30** 1     
SW 0.18 -0.29** 0.12 0.71** 1    
LA 0.28**\ -0.21* 0.11 0.54** 0.51** 1   

DPM 0.22* 0.00 0.78** 0.32** 0.13 0.08 1  
GFP -0.07 0.14 -0.68** -0.10 -0.04 -0.09 -0.07 1 

* �** �� ��	�	  4&HJ ����� wI� ���i� 5% � 1%.             *, **Significant at 5% and 1% levels of probability, respectively. 
CHL, Chlorophyll index; LT, Leaf Temperature; DH, Days to Heading; PH, Plant Height; SW, Seed Weight; 
LA, Leaf Area; DPM, Days to Physiological Maturity; GFP, Grain Filling Period. 
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 �.T8-  �� 4���� ��$J ��L, 4��\��:34  =�H�TT. boeoticum R&	 [�.� Y���� �� 4�P  

Table 8. Correlations among studied characters in 34 populations of T. boeoticum under normal irrigation 
condition 

��L,  
Traits 

 hM��
a�� X�;��V5  

CHL 
a�� "�J�  

LT 

 �$O{ �	 ?��
�V�&�  
DH 

	���	$� G�L  
PH 

�!�� ��'V�>  
SW 

$]×b�>
a�� Z�J��  

LA 

4�.��� �	 ?��
N�#$%$���;  

DPM 

 [.� �E ����
 �!��)?��(  

GFP 
LT -0.21* 1       
DH -0.05 -0.32** 1      
PH -0.10 -0.17 -0.06 1     
SW 0.14 0.03 -0.07 0.48** 1    
LA -0.03 -0.13 0.06 0.51** 0.45 ** 1   

DPM -0.05 -0.27** 0.75** 0.02 -0.08 -0.03 1  
GFP 0.02 0.22* -0.77** 0.11 0.02 -0.12 -0.16 1 

* �** �� ��	�	  4&HJ ����� wI� ���i� 5% � 1%.             *, **Significant at 5% and 1% levels of probability, respectively. 
CHL, Chlorophyll index; LT, Leaf Temperature; DH, Days to Heading; PH, Plant Height; SW, Seed Weight; 
LA, Leaf Area; DPM, Days to Physiological Maturity; GFP, Grain Filling Period. 
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 �.T9- [$����� 
�� �� 
�� "��� ��'V�> �!�� �� [�$&> ��o�J q��	 � ���� ��L, �� [�$&> ��o�J X��\J �� Y���� R&	 4�P Q5 
Table 9. Stepwise regression for grain yield as the response and other characters as predictors under water stress 

condition 

.J �� �.� �;�d� ��o�J  
Variables added to the 

model 
�.�J ?� b�> 
Constant  

[$����� ����d  
Regression 
coefficients 

 Z���	 ���d
�T4�  

Partial R2 
 Z���	 ���d

.J R2 F b1 b2
�	$� G�L	��  

Plant height (cm) 
-0.001 0.007**  0.511 0.511 104.36** 

$]×a�� Z�J�� b�>  
Leaf area (cm2) 

0.000 0.009* 0.006** 0.021 0.531 56.15** 

*� ** �� ��	�	 4&HJ ����� wI� ���i� 5% � 1%.             *, **Significant at 5% and 1% levels of probability, respectively. 

  
T�. 10- [$����� 
�� �� 
�� "��� ��'V�> �!�� �� [�$&> ��o�J q��	 � ���� ��L, �� [�$&> ��o�J X��\J �� Y����  .f�;R&	  

Table 10. Stepwise regression for grain yield as the response and other characters as predictors under normal 
irrigation condition 

 �;�d� ���o�J.J �� �.�  
 Variables added to the 

model 

 ?� b�>
�.�J  

 Constant 

[$����� ����d 
Regression coefficients 

 Z���	 ���d
4��T  

Partial R2 

 Z���	 ���d
.J  
R2 F b1 b2 b3 

$]×a�� Z�J�� b�>  
Leaf area (cm2) 

0.105 0.450**   0.243 0.243 32.08** 

�	$� G�L	��  
Plant height (cm) 

-0.051 0.291** 0.004**  0.063 0.292 21.84** 

a�� X�;��V5 hM��  
Chlorophyll index 

(SPAD) 
-0.240 0.288** 0.004** 0.004* 0.039 0.325 17.21** 

     *� ** �� ��	�	 4&HJ ����� wI� ���i� 5 � 1%         .*,** Significant at 5% and 1% levels of probability, respectively.  
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 X'�2- 
�����.!� X,�i ?� ���6	 ��$M"� "��� 4���� ��$J ��L, �� 34 =�H�TT. boeoticum   � 1 (��  Q5 R&	 [�.� Y����
4�P  �2 (4�P Q5 R&	 Y���� �� .  

Figure 2. Dendrogram of 34 populations of T. boeoticum in 1) normal irrigation condition and 2) water stress 
condition.  
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Abstract

To study genetic diversity of several agronomic and physiologic traits and the effect of water 
deficit stress on these characters in 34 populations of T. boeoticum, an experiment was conducted as a 
split-plot using randomized complete block design with three replications in Research Station of 
University of Tabriz in 2010. The main plots consisted of stress and non-stress conditions and the 
populations were considered as sub-plots. Analysis of variance showed significant differences among 
populations for all studied traits, indicating the existence of genetic variation among populations. 
Phenotypic coefficients of variation for seed weight and leaf area were highest and for days to 
physiological maturity were lowest in both stressed and non-stressed conditions. Correlation 
coefficients and stepwise regression showed significant positive associations of seed weight with leaf 
area and plant height in both stress and normal conditions. In addition, chlorophyll index was also 
included in the regression model under normal condition. Cluster analysis grouped populations into 
five and three clusters in stress and non-stress conditions, respectively. In the water deficit condition, 
populations 114, 118, 176 and 216 by having the highest chlorophyll index and seed weight had 
superiority over other populations. In the normal condition, populations 3, 10, 12, 120, 127, 257, 277, 
320 and 485 in the second group had the highest seed weight, chlorophyll index and leaf area.  
 
Keywords: Agronomical and physiological traits, Cluster analysis, Drought stress, Einkorn, Wild 
wheat 
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