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-% ,)2~    ��� 2y  �/� 

   ���OA� ��,� �� -<# (  9��� b!� �# �� ���'Z ]�,�;$ /
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                ����� ,�� �� 9,�O�# XO�� ����" e;Q� �Q�� �� / ����

��� �-% ?��Y�(Ellis and Kirby, 1980).
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Triticum durum L.. / T. aestivum L. )��,Z ���� �# 

�� 
> ]�%�$ �# `�#     �#������ ����" ��%�$ B����� �� ��

        � �� 9� � Z*" 7#�8 )�,�� / -!�A,� ��,8     ��� �/� ��-�<

  �S^!��� ����T�(Heading)    / �^����� 9���� �8���� ��-��<� 1

           ��-�<� i����" 
���# ]��J 1-��,� �-��O" ���� �,�S;P

             ���# �"��8�� ��O�� )�/,�j �� �$�Z 1�S^!� �� ����

           �,��S;P `��# )��,�Z ���� i��,% �(� -!%�# ���8 �$

-!%�# ��%�� 9,�O# ����)Sisodia et al., 1979 .(  ]�;� ��

��          �� ��� w�S��" 9�� ����: b!$�/ �#����� 9�,# ���

              / 7�;(� ]�<� Y�� / w�S��" �s(" 9�� b!� i��,%

   ���� �-�% ��[��� ��S��" 9�� ���% �� 
> ���'Z

(Fernandez, 1992; Fischer and Maurer, 1978; 

Rosielle and Hambline, 1981) .  ]S^"���� / ���S��/�

)Rosielle and Hambline, 1981( %  7�;(� ���(TOL)

   �,���S;P ���j��� ]N����" �����% /)(MP ���A,<" �� 

-����,$ .  7��;(� �����%(TOL)���^P  -��!�� : n*����� 

    i��,��% / &���Ss" i��,��% �� ������: X��� �,���S;P

   �,���S;P ���j��� ]N����" �����% / ��� b!���(MP) 1

-��!$ ���" 
���# �� ��$���" i��,��% �� -����� ]N����" . ��

     ������ ��# ��� �����: �#������  ����% �� ��TOL ��-��=" 

 b!��� ���# ������: ���'��Z ���O��� �����% ]���� ,�������

              ,����=" M���� ,�# ��� �����: &����� ]��,#�!# 1-%�# �"

  ���% ,�;$TOL���  .  9��� ���% �� ������� �#MP

  /TOL          b!�� i��,% �� �$ ���� ����: X��� 
��"� 

              �����: ��# �^'�� -����� 9,�`��# �^'� �,�S;P @� ���
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�������   b!������ 
/-�����# i��,�����% �� i�����=A ������$ ��

 ���� �����/  1-������ ��`���# �,���S;P .���[���" / ,O��A

(Fisher and Maurer, 1978)   b!�� ��# ���'Z ���% 

(SSI)        ���% ��-=" �$ 1-���;� ��T!OJ �� SSI    ��s#�� �� 

YPi)]/D/ SSI= [1-(YSi  ���% ��" �^��(" .  ��-�="D  ��� 

 ���s#�� �� Y��� i��(" ������)Yps/Y(1D
−−

−= �^����(" 

�"     
> �� �$ ��%
−
Yp   / 

−
Ys     ]N��" l�,� �#  �,�S;P

       &�Ss" i��,% �� �� ����: �;�    -�%�# �" b!� /.   ��-�="  

 ,���;$SSI  X��� �,���S;P ,���;$ )�,���� �-��!�� 
�O��� 

              �� / &��Ss" i��,�% ��# �^'�� b!� i��,% �� ����:

����� ������: 
> ,�O��# 9��-����J ���Q��  . �� ��������� ���#

  ���%SSI           
/-�# ��� b!� i��,% �� �$ ���� ����: 1

          �^'��-!�'� ���� 9,�O�# �� ,�;$�,�S;P l�,� �# b!�

#      i�(" /� ,� �� �$ ���� ����: � )   
/-�# / ��� b!��

b!��� ( �,���S;P / ����%�� �^'��� 9,���,# �,���S;P ,�� � ��

-�Y��;� 7#�8 1-���� 9,�`�# .  �-����,A(Fernandez, 1992)

   b!���� ����# 7���;(� ������%(STI)  ����s#�� �� ����$ �� 
2))((

−

×= psipi YYYSTI�^����(" ���A,<" 1����% ���" 

��;� .         9���� ����% ]�� M��� ,# ,���-��J 9�� ����:

 ,�`���# ,�����="STI-!�'���   .  ���# �/� ���" ���� ��� ]��,#���!#
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 7"�% �%�$2~ 1��"�W> Vy 1��"�W> 2~ / ��" 9�Vy 9� 
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             XO�� ����" 7�$ �# ���� 
�/ @'=� �� ���) M��"�#(
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���� �=#�s" 1-#�� �" .

UJ�d*< 	E �2�E E��$1 

       �S��" 9�����;� h��;P� ��# ��",� b!�� ,�v�  B����� w
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         -!��%�� ,N�-��� ��# 9��� �!<" n*��� �S^!�  .  ]�,�O�#
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   ��,� �" �� ����  .            
�/ ,� � �� ���� ��� 9��� �����:
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)   9�� h/-�V   / 5 .(        ,�u�� �# �-"> ��� �# {���� r^.,#

$ B������ �� ,�`���# 9���"� ���# ����� 
-��% ������" / ���%�

 �A�� b��$ �%��,# ���%  . �� ��� �� 9�� ����:

             -!��%�� @�� ��# ��� ��!<" n*���� �%��,# ���% , � .

  ����:FICC0963       ]�,�O�# ��� �����: ,���� ��# �^'� 

  ���%)  �/-Z3g (%  ��%�� �� .        7�#�=�" ,�v� ����� ���

     / ����%�$ w���S��" 9����� B������� ]���# 9��� ����!<"

           ��$ ��%�-� ����/ ����,# ���" ��� �� 9�� ����:

    �����" 9���� �����: ������!�� b!�$�/ ,N����# t̀ ��;�Z�

   ���# ����^��� �� ���%�$ w��S��" 9���� B������ ���# �����,#

��� ���# �%��,# ���%.

 )*1 �% +0<�OV ( C�61 ��**� �%��
	� -�. ?@��

 i��,��% �� ����� ���� ������: ,��� �,���S;P ,�����="

 &����Ss" )YPi (� /  b!���� i��,���% � )YSi ( ,������ /

           ,�u�� ,v� �� �",� b!� �# �"/�=" �#����� 9�� ���%

       h/-�� �� �%�$ B���� ���       ���� �-�% ���� 
�O��  .  ��#

        7�;(� ����% ��# ����)TOL (          ��$ -��� ��" ,� � ��#

  ����:FICC1570    ���'�Z ��� �����: ,��� �# �^'� 

 h/-�2L �P��� h�� �� ,�^� / �^'� �#�.� 1)��,Z ���� 78�-Z / ,o$�-Z i���" 1��-���# 7$ 5~L234�

Table 1. Total precipitation, average max. and min. temperature and relative humidity and evaporation for the 

growing season in 2000-2001
)��,Z ����

Temperature (Cx)
 �^'� �#�.�

Relative Humidity (%)
��"

Month
 h��

Year
,o$�-ZMax.    78�-ZMin.  ,o$�-ZMax. 78�-ZMin.

,�^�

 Evaporation  
(mm d-1)

��-���#

Precipitation
mm

Oct. ,T" 2000 34 16 47 17 8.7 3
Nov. 
�#> 2000 27 12 71 32 4.8 80
Dec. �W> 2000 19 8 89 42 2.3 85
Jan. 9� 2001 19 4 92 37 2.5 51
Feb. ];T# 2001 18 4 89 33 2.1 19
Mar. -!��� 2001 24 6 82 21 3.2 9
Apr. ]���/,A 2001 30 10 70 17 5 15
May �OT^���� 2001 36 17 40 11 9.8 4
Jun. ���,� 2001 41 19 29 8 13.6 L

Jul. ,� 2001 43 22 35 12 13.8 L
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 h/-�3L ��� XO� ���"  ,# �",� ,v� )���� / �,# / ��% ((kg / ha)��� �� ����: {!J �� 

Table 3.  Effect of heat stress on total dry matter of five hull-less barley genotypes
 �%�$ 9�� B���� Planting dates�� ����:

Genotypes T1 T2 T3 T4

]N��"
Mean

FICC0963 10907 a 11097 a 10207 a 9887 a 10524 B
FICC1570 10917 a 10477 ab 9797 ab 9330 b 10130 B
FICC1571 13363 a 12433 a 10283 b 9217 b 11324 A
FICC1725 9363 a 9543 a 8987 a 8803 a 9174 C
FICC2712 10750 a 10163 a 9813 a 9237 a 9991 B

 ]N��" Mean 11060 a 10743 a 9817a 9292 a
 �s� ����� �!<" n*��� -8�A ]N��" 
����� / w��� ,� �� �#�O" n/,Zy)  %]���� 
�"�> M��� ,#(-!%�# �".

Means in each row and column followed by similar letter(s) are not significantly differnt at the 5% level (Duncan multiple range test). 

 h/-�}L��� �� ����: {!J �� e#," ,�" �� �S^!� ��-<�  ,# �",� ,v� 

Table 4.  Effect of heat stress on number of spike /m2 of five hull-less barley genotypes
 �%�$ 9�� B���� Planting dates �� ����:

Genotypes T1 T2 T3 T4

]N��"
Mean

FICC0963 425 a 432 a 387 b 390 b 408 D
FICC1570 620 a 623 a 557 b 560 b 590 A
FICC1571 610 a 610 a 517 b 520 b 564 B
FICC1725 510 a 490 a 437 b 440 b 469 C
FICC2712 497 a 503 a 450 b 430 b 470 C

 ]N��" Mean 532 a 532 a 469 b 468 b
 �s� �� ��� �!<" n*��� -8�A ]N��" 
��� �� / w��� ,� �� �#�O" n/,Zy) %]���� 
�"�> M��� ,#(# �"-!%�.

Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test). 

 h/-�yL,# �",� ,v� ��� �� ����: {!J �� �S^!� X� �� ���� ��-<�

Table 5.  Effect of heat stress on number of grain per one spike of five hull-less barley genotypes
 �%�$ 9�� B���� Planting dates �� ����:

Genotypes T1 T2 T3 T4

]N��"

Mean

FICC0963 31 a 30 a 29 a 30 a 30 A
FICC1570 22 a 21 a 21 a 20 a 21 B
FICC1571 20 a 20 a 20 a 20 a 20 BC
FICC1725 17 b 18 ab 19 ab 21 a 19 C
FICC2712 13 a 14 a 14 a 14 a 14 D

 ]N��"

Mean
21 a 21 a 21 a 21 a

 �s� ����� �!<" n*��� -8�A ]N��" 
��� �� / w��� ,� �� �#�O" n/,Zy) %]���� 
�"�> M��� ,#(" �-!%�#.

Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test). 

 h/-�gL��� �� ����: {!J �� ���� ��Y� 
�/  ,# �",� ,v� 

Table 6.  Effect of heat stress on 1000 grain weight (g) of five hull-less barley genotypes
�� �%�$ 9�� B�� Planting dates�� ����:

Genotypes T1 T2 T3 T4

 ]N��"
Mean

FICC0963 33 a 33 a 30 b 29 b 31 B
FICC1570 29 a 28 a 25 b 25 b 27 D
FICC1571 32 a 30 a 27 b 27 b 29 C
FICC1725 30 a 28 ab 27 bc 25 c 27 D
FICC2712 42a 36b 34c 33 36A
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 ]N��" Mean 33 a 31 b 29 c 28 c
 �s� �� ��� �!<" n*��� -8�A ]N��" 
��� �� / w��� ,� �� �#�O" n/,Zy) %]���� 
�"�> M��� ,# (�"-!%�#.

Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test). 

/-� h4L ���� �,�S;P  ,# �",� ,v� (kg/ ha)��� �� ����: {!J �� 

Table 7.  Effect of heat stress on grain yield (kg / ha) of five hull-less barley genotypes
 �%�$ 9�� B����  Planting dates �� ����:

Genotypes T1 T2 T3 T4 
]N��"
Mean

FICC0963 4285 a 4136 a 3339 b 3361 b 3781 A
FICC1570 3832 a 3690 a 2993 b 2754 b 3317 A
FICC1571 3735 a 3552 a 3054 b 2829 b 3292 B
FICC1725 2579 a 2528 a 2278 a 2220 a 2401 C
FICC2712 2644 a 2550 a 2214 ab 2014 b 2355 C

 ]N��" Mean 3415 a 3291 a 2776 b 2636 b
�O" n/,Z �s� �� ��� �!<" n*��� -8�A ]N��" 
��� �� / w��� ,� �� �#y)  %]���� 
�"�> M��� ,# (�"-!%�#.

Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test). 

h/-�5L ,# �",� ,v�  �%��,# ���% ( % )��� �� ����: {!J ��

Table 8.  Effect of heat stress on harvest index ( % ) of five hull-less barley genotypes
 �%�$ 9�� B���� Planting dates �� ����:

Genotypes T1 T2 T3 T4 
]N��"
Mean

FICC0963 37 a 37 a 33 b 34 ab 36 A
FICC1570 36 a 35 a 31 b 30 b 33 B
FICC1571 28 a 28 a 30 a 31 a 29 A
FICC1725 28 a 27 a 25 a 25 a 26 D
FICC2712 25 ab 25 a 22 ab 22 b 24 E

 ]N��" Mean 31 a 31 ab 28 b 28 b
 �s� �� ��� �!<" n*��� -8�A ]N��" 
����� / w��� ,� �� �#�O" n/,Zy) %� 
�"�> M��� ,#]��� (�"-!%�#.

Means in each row and column followed by similar letter(s) are not significantly different at the 5% level (Duncan multiple range test). 

 h/-��L�# 7;(� �-!!$ �#����� 9�� ���% ��/>,#   ��� �� ����: {!J �� �",� b!� 

Table 9. Effect of heat stress on tolerance indices of five hull-less barley genotypes
�� ����: Ypi YSi

Genotypes kg/ ha kg/ ha
MP GMP TOL SSI STI K1STI K2STI

FICC0963 4285 3361 3823 3795 924 0.94 1.23 1.93 1.19
FICC1570 3832 2754 3293 3248 1078 1.23 0.90 1.13 0.58
FICC1571 3735 2829 3282 3250 906 1.05 0.91 1.10 0.75
FICC1725 2579 2220 2400 2393 359 0.61 0.49 0.28 0.21
FICC2712 2644 2014 2329 2307 630 1.03 0.46 0.27 0.16

 ]N��"  Mean 3415 2636 3025 2998 779 0.97 0.80 0.94 0.58
YPi : �: ,� �,�S;P  1&�Ss" i��,% �� ���YSi  :   1b!� i��,% �� ����: ,� �,�S;PMP  :   1-��� ]N��"GPM  :   1-��� ��-!� ]N��"TOL  :   17;(� ���%SSI  :  ���%

  1b!� �# ���'ZSTI  :   1�-���,A b!� �# 7;(� ���%K1STI  / K2STI  : ��,% �� ��A�� 7�-<� b!� �# 7;(� ���% l�,� �#b!� / &�Ss" i.
YPi , grain yield of each genotype in optimum condition;  YSi , grain yield of each genotype in stress condition;  MP,  mean productivity:  
GPM, geometric mean productivity;   TOL, tolerance index;  SSI,  stress susceptibility index ;  STI,  stress tolerance index ;  K1STI and K2STI:  
modified stress tolerance index in optimum and stress conditions respectively.   

 h/-�2~L ]# �N�'^;� l��,j ��,��"  YPi 1YSi 1STI 1K1STI / K2STI

Table 10. Correlation coefficient among some tolerance indices 
Ypi K2STI K1STI STI

K2STI 0.94**
K1STI 0.97** 0.98**
STI 0.98** 0.98** 0.99**
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YSi 0.96** 0.99** 0.99** 0.99**
** h�;�Z� �s� �� ��� �!<" 2% ** significant at  the 1%level of  probability. .

YPi , grain yield of each genotype in optimum condition;  YSi , grain yield of each genotype in stress condition; ST1, stress tolerance index; 
K1ST1 and K2ST1: modified stress tolerance index in optimum and stress conditions respectively. 

           ���� 7m�A ,��> 9�",� b!� �# 9,�O#)2~45=TOL .(

     ����: �U,��FICC1725         9,��;$ ���'�Z b!�� ��# 

 ��� 
�O����)3y�=TOL ( i��,���% �� 
> �,����S;P �����/

        ��# �� ����: ,��� �,�S;P �� ,�;$ Y� &�Ss" . ���� �#

          b!�� ��# ���'�Z ����% ��-�=" ]�,��;$ ��$ ]��� �#

)SSI (       �����: �# rS<�"FICC1725    ���# )g2/~ = SSI( 1

           9���� w�S��" i��,% �� ����: ]�� �$-�� �" , � �#

     ���� 9,�O�# �,�S;P )�^v .         M���� ,�# ,�N�� n,�. ��

           �����: �-����,A b!�� ��# 7;(� ���%FICC0963   ��# 

V3/2 = STI       9�� ����: / FICC1570 / FICC1571  ��# 

STI       ��# l��,� �# �~/~   / �2/~      ����% ]�,�`��# 9���� 

             i��,�% �� @�� �/� ��" �� ��� M��� ]�� ,# -���# ��#Y"

              9,�O�# �,��S;P 9���� b!�� i��,�% �� @�� / &�Ss"

-!%�# .         �-����,A ��A�� 7�-<� b!� �# 7;(� ���% ,���="

K1STI / K2STI  ������: 9�,��# FICC0963  l���,� ���# 

�3/2   / 2�/2    ����: 9�,# 1FICC1570    l��,� ��# 23/2

 /y5/~ ������: 9�,��# / FICC1571 l���,� ���# 2~/2 / 

4y/~ ��#  .       �����: -��� ��" ,� � �# ]��,#�!#FICC0963

   9���� b!��� i��,��% �� @��� / &���Ss" i��,��% �� @���

    ���� 9,�O�# �,�S;P  .       ]�# �N�'�^;� l��,�jYPi  / 

YSi  9�������� ���������% / STI / K1STI / K2STI �� 

  h/-�2~      ��% �$ ��� 
> �� �$�Z   �K1STI    ��# YPi

       ���% / `�# ��'# �N�'^;� 9����K2STI      ��# Y�� YSi

       ��� 
�O�� ���� �� ��`�# �N�'^;� .     {����� ]��� M����,#

            b!�� ��# 7�;(� 9��� ���% �$ �A,� �Q�� 
��� �" 

   �,��S;P �# 9�� ����: &����� 9�,# �-���,A ��A�� 7�-<�

          -�%�# ��" ,�� l��!" b!� �#,� 7;(�" / ,�`�# . ���,# M�

              ��# ��$ ���;� ��T�� 
��� �" b��"�> ]�� �� 7_�Z {����

            �� / ���� -%� ��/� h�. ,# �s(" i��,% ,vu� �# ����

          �%�$ �� ,�u� ���� ��Y� 
�/ ,# ,vu� �Q��)  9�� B����

      ���" 9� ,��/� / i��/� �%�$ (      7�Z�," �����,# ,�v� ��

       b���$ )��^��" ,�`��# 9��"� b!�� �# ���� �;� / �O���

���<�  b�����$ ����� 1�s���� -���Z�/ ����� ������# �� ������� ��-

                 �� / @��,�A �� ���$��A /� ,� b��$ �� /  ���� ��Y� 
�/

      ��� ��%�� h�^�� �# �,�S;P b��$ �Q�� .      ,�# ]�!U @��

       ����: �-���,A b!� �# 7;(� ���% M���FICC0963

    &��Ss" i��,�% �� @� )kg/ha}V5y (   i��,�% �� @�� /

b!�)kg/ha33g2 ( ;P 9����  ��# 9,�O# �,�S .    ����� ��#

            {�/,�� / �<��� r�,. �� ��� ���" �A�SP ]"u� �;�� �#

              )��==(� 0��Q�� ������ @��� �� t�_�m�� ��� �� ���

          ]��� 9��q�!T# / ��P��YT# w�S��" 9��� �^!��� ,��,�'�

��,� �" ��T!OJ ���.
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