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 ���! Y4%3S  
!  
>*) V�
�3 .( �%�.< *��� 8�m�	

 �	.< R�)�� �$�ΦPSII �->��4< ^
)
! .��~ ���$A� �

 _m�Hyola 330    8�m�	 � 2>.A��<Hyola 401  �

PP-401-16   ��>	� � ��>�� ��1.� �* `�. �<

                                                 
2 - Netondo et al. 

 )�-H1- *,<Z�<�2�e, � ����
 2��, "�O<G�
�, "�O 

<�2�e, <��%# *,<Z� 

  ���$� �A/ �!���U ���

�>����! 
Photochemical quenching 
parameters 

(Fm′- Ft)/ Fm′ ΦPSII 
 ���A);�� *.-���

�* _A3�%�A/ 
Quantum yield of PSII 

( Fm′- Ft )/ ( Fm′- F0 ) qP �>����! �A/ �!���U Photochemical quenching 

(Fm- F0)/ Fm Fv:Fm 
 ���A);�� *.-��� .b�	
1

�* _A3�%�A/ 
Maximum quantum yield 
of PSII 

(Fm-Fm′)/ Fm′ qN 
�� .�P �!���U �$�

�>����!�A/ 
Non-photochemical 
quenching 

Fm )\)�%���/ �->�� �<  
! �����% X>	.! �* .b�	
1( �Fo )\)�%���/ �->�� �<  
! �����% X>	.! �* ]m	
1(  �Fm′ 

)\)�%���/ ��) �<  
! �����% X>	.! �* .b�	
1( �Fo )\)�%���/ ��) �<  
! �����% X>	.! �* ]m	
1 ( �Ft )\)�%���/  �* .b�	
1

���) V*�p X>	.!( 
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 ����� �	
���)������� ���� ����( 
�� �35   ���!4  �� 
#$%	 �1391  

 

 
)*	* o�5AU	 *�U �< 	� �	
6� 2>.A��) V�
�2 .( �<

 V�
� �< ���3 ��  
���� _m� �� **.�PP-401-

16  Q# F�
< X>	.! �*)0S( 2�:)��� �< �82/0  .� �*

 F	R�� 2>.A��< ���>	� � ��>�� ��1.� �*ΦPSII  	�

E!	* . Y4% 2>.n�< �* o�5U 2>	 �* ���! Q#

)3S ( 8�m�	Hyola 330 �RGSoo  �Hyola 401 

�� �< ��.A��� 2�:)�75/0 � �*�1.���>�� ��m� � ���_ 

RGSoo  2�:)��� �<74/0  �	�	* ��>	� ��1.� �*

 F	R�� 2>.A��<ΦPSII  _m� �PP-401-15E  �<

 2�:)���63/0  �	�	* ��>	� � ��>�� ��1.� �* .� �*

 2�:)��� 2>.A��ΦPSII 
)*�< ) V�
�3  .(  

\)�%���/  E���p/ �< _�6A3� ��y �< ]�/�.��

_A3�%�A/ Q#�	� R�	.� �* ]�/�.�� ��,�	 �� *�	*

) ��	R<1996 ��� ^2001( ��:A$!; �)�� .� *��� � ^

2���.9 �	 �*	
p 
��� �	 Ep)��� .�') 
�s��C� ���

2���.9 �< �3>�6� �* �E%C9�.�� X%�  
! R�� ���

 � ��AU�% �)��.�* �> � V��% �A3� X%�  
! R��

�)	
:)� �* .��a���  Q��� �< .�#� ��* _A3�%�A/

��� .b�	
1 X>	.! �* �* _A3�%�A/ ���A);�� *.-

 �->�� �< �����%)Fv/Fm ( ���A);�� *.-��� �

 �>�#!�� X>	.! �* �* _A3�%�A/)ΦPSII (�� **.�

) ��	R<1996 �.d�� � *�,�)	./ ^2003 .( `��4� �< ��� �<

�� 2�#e  
! .�� Q��� �� *��) =�A#A%	 F	�

Fv/Fm  �ΦPSII  .y�j< �
�� �Q>���; 2>	 �*

 ��AU�% � ���) ��W�#�	� �* �:A$!; *���

 Q��� �  *�< E%C9�.�� �* *���� ���
�s��C>�

�� 
�>� 	� z�v�� 2>	 R�) ]�/�.�� �	�A(� F	R��
#�  .  

�� �>����!�A/ .�P �!���U �$�)qN ( 2�< �* R�)

 �->��4< �
! .��~ ���$A� ���! q�Aj� B�4%

 Q>	R/	 �	 ���! Q# �
!0S  �<3S  ]1	.� �*

 Q>	R/	 `��� `�. �< ��>	� � ��>��2/36  �5/30 

 �
D�*qN  
>*.�) V�
�2  .(  

  
 

 )�-H2- 4/��2 ]�,�3 �� �2�Z>�� �
 ����� � "��# f�>C, F�K� 4�@���, <+��B, 

*,<Z�      �O" ����� ��������� <�T�, �2 �

�A��� 

*,<Z�      �O" ����� ��������� <�T�, �2 �

�A��� 

 

qN qP ΦPSII Fv/Fm qN qP ΦPSII Fv/Fm 
�,�1 $��,�3 "�O  

"��# 

b59/0 a79/0 a81/0 a83/0 d58/0 a80/0 a81/0 a97/0 ) 0S (92/1 �%* .A� .< \#�>�( 

ab68/0 b75/0 b79/0 b80/0 c65/0 b76/0 b78/0 a98/0 ) 1S (87/9 �%* .A� .< \#�>�( 

a75/0 c72/0 b76/0 c77/0 b72/0 bc75/0 b76/0 a78/0 ) 2S (6/19 �%* .A� .< \#�>�( 

a77/0 c71/0 c71/0 d76/0 a79/0 c73/0 c72/0 a76/0 ) 3S (94/21�%* .A� .< \#�>�(  

_m� 

67/0 a 77/0 a 78/0 a 80/0 a 64/0 b 78/0 a 78/0 a 81/0 a Hyola 330(1) 

68/0 a 74/0 bc 77/0 ab 79/0 bc 67/0 ab 76/0 ab 77/0 ab 79/0 bc Hyola 60(2)   

67/0 a 75/0 ab 77/0 ab 79/0 ab 64/0 b 76/0 ab 77/0 ab 80/0 ab Rgsoo(3)        

71/0 a 73/0 cd 76/0 bc 78/0 c 70/0 ab 75/0 b 76/0 b 78/0 c Oftion 500(4)  

70/0 a 72/0 cd 74/0 c 76/0 d 69/0 ab 74/0 bc 74/0 c 77/0 d    PP-401-15 E(5) 

71/0 a 75/0 ab 77/0 ab 80/0 a 68/0 ab 77/0 a 78/0 a 81/0 a Hyola 401(6)  

72/0 a 73/0 ab 75/0 c 78/0 c 72/0 a 75/0 b 75/0 bc 79/0 bc PP- 308- 8(7) 

68/0 a 76/0 a 78/0 a 80/0 a 74/0 a 76/0 a 77/0 ab 80/0 ab PP- 401- 16(8 

*��� �3>�6� .� �*  V��A1	 Y4% �* ����; ���$ 8
�  
#�* F��) T.A�� [.1 O> ]m	
15 % �� 
!�<.  
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 � �)��
#� ���'�F	��-�� : ���D�5U �U.< � ]�/�.�� \)�%���/ �<�>��	... 

 

 

   

)�-H3- <+��B, 4�@���,   "��
 "��# $%& � U�� �
�B>, �g� "�O*,<Z�      �O" �������� 

������4/��2 c�� <
 � 

*,<Z�       "�O��������  <�T�, �2 �������

�A��� 

*,<Z�       "�O��������  �2 �������

�A��� <�T�, 

�,�1                                                                                 $��,�3  "�O

qN qP ΦPSII Fv/Fm qN qP ΦPSII Fv/Fm                    ���!                                             _m�

58/0 c 80/0 a 81/0 ab 83/0 a 50/0 bc 80/0 a 81/0 ab 84/0 a 

H
yo

la
 3

3
0

 

0S 

65/0 b 76/0 bc 80/0 ab 81/0 bc 62/0 abc 78/0 c 80/0 ab 82/0 c 1S 

75/0 ab 73/0 cd 76/0 cd 79/0 cd 65/0 abc 76/0 c 78/0 c 80/0 c 2S 

70/0 ab 75/0 c 73/0 de 78/0 d 80/0 a 76/0 c 75/0 d 78/0 d 3S 

65/0 b 77/0 b 80/0 b 81/0 b 71/0 ab 78/0 ab 80/0 ab 82/0 ab 

H
yo

la
 6

0
 

0S 

67/0 b 74/0 cd 78/0 bc 79/0 cd 62/0 abc 75/0 cd 79/0 bc 78/0 cd 1S 

66/0 b 72/0 d 74/0 d 78/0 d 62/0 abc 75/0 cd 75/0 cd 79/0 cd 2S 

76/0 ab 73/0 d 73/0 de 77/0 d 74/0 ab 76/0 de 74/0 de 77/0 de 3S 

57/0 c 78/0 ab 80/0 b 82/0 ab 52/0 bc 79/0 b 81/0 ab 83/0 b 

R
g

so
o

 

0S 

62/0 bc 76/0 c 79/0 bc 80/0 c 62/0 abc 77/0 c 80/0 bc 80/0 c 1S 

73/0 ab 73/0 cd 75/0 d 78/0 cd 62/0 abc 76/0 c 74/0 cd 79/0 c 2S 

75/0 ab 72/0 d 74/0 de 77/0 d 79/0 a 73/0 e 75/0 d 77/0 e 3S 

55/0 c 78/0 ab 80/0 b 83/0 ab 59/0 abc 80/0 b 81/0 ab 83/0 b 

O
ft

io
n

 5
00

 

0S 

65/0 b 74/0 c 77/0 c 79/0 c 65/0 abc 75/0 cd 77/0 c 79/0 cd S1 

85/0 a 72/0 de 75/0 d 77/0 de 84/0 a 74/0 d 76/0 cd 77/0 d 2S 

79/0 a 68/0 f 68/0 ef 74/0 f 48/0 ab 70/0 f 70/0 e 74/0 f 3S 

61/0 bc 78/0 b 80/0 b 82/0 b 54/0 bc 79/0 ab 80/0 ab 82/0 ab 

P
P

-4
0

1
-1

5E
 

0S 

74/0 ab 74/0 cd 76/0 cd 78/0 cd 64/0 ab 75/0 cd 76/0 c 78/0 cd 1S 

68/0 b 68/0 f 76/0 cd 73/0 f 82/0 a 73/0 d 75/0 cd 77/0 d 2S 

77/0 ab 66/0 g 63/0 f 71/0 g 77/0 ab 68/0 g 63/0 ef 71/0 g 3S 

57/0 c 79/0 a 80/0 b 83/0 a 51/0 bc 81/0 a 81/0 ab 84/0 a 

H
yo

la
 4

0
1

 

0S 

69/0 b 75/0 c 78/0 bc 80/0 c 69/0 ab 77/0 c 79/0 bc 80/0 c 1S 

77/0 ab 74/0 cd 76/0 cd 78/0 cd 65/0 ab 77/0 c 77/0 c 80/0 c 2S 

81/0 b 71/0 de 73/0 de 77/0 de 85/0 a 75/0 cd 75/0 cd 79/0 cd 3S 

60/0 bc 78/0 ab 79/0 bc 83/0 ab 62/0 abc 79/0 b 80/0 bc 83/0 b 

P
P

-3
0

8
-8

 

0S 

60/0 bc 74/0 c 76./ cd 80/0 c 66/0 abc 76/0 c 76/0 c 80/0 c 1S 

85/0 a 71/0 de 74/0 d 76/0 de 77/0 ab 74/0 d 74/0 d 77/0 d 2S 

81/0 a 70/0 e 69/0 e 76/0 e 81/0 a 72/0 ef 72/0 f 75/0 ef 3S 

58/0 c 80/0 a 82/0 a 84/0 a 63/0 abc 81/0 a 82/0 a 84/0 a 

P
P

-4
0

1
-1

6
 

0S 

70/0 ab 77/0 c 77/0 c 80/0 c 70/0 ab 77/0 c 78/0 c 81/0 c 1S 

69/0 b 74/0 cd 76/0 cd 78/0 cd 79/0 a 75/0 cd 77/0 cd 79/0 cd 2S 

76/0 ab 74/0 de 73/0 de 77/0 de 83/0 a 73/0 e 71/0 g 76/0 e 3S 

 ]m	
1 *��� �3>�6� .� �* >�� 
D�* f#9 V��A1	 Y4% �* ����; ���$ 8
�  
#�* F��) T.A�� [.1 O 
!�<  
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 ����� �	
���)������� ���� ����( 
�� �35   ���!4  �� 
#$%	 �1391  

 

 .��~ ���$A� o�5U 2>	 �* R�) �%�.< *��� 8�m�	


)
!�  _m� �->��4<PP-401-16 2�:)��� �< �74/0 

 8�m�	 � 2>.A��<Hyola 330  �RGSoo  �< ��.A��

 2�:)���64/0  F	R�� 2>.A���� �$�qN  ��1.� �* 	�

 
)*	* o�5AU	 *�U �< ���>��) V�
�2   .( �< ��� �<

�#p� �	.< ���! Q# � _m� ]<�6A� .c	 F
! �	*�� �$�

qN  ���! Q# Y4% 2>.n�< �* �� 
>*.�  
����

)3S (  F	R�� 2>.A��<qN )85/0  �81/0  �* `�. �<

��>	� � ��>�� ��1.� ( _m� �<Hyola 401  2>.A�� �

 F; F	R��)48/0  �70/0  � ��>�� ��1.� �* `�. �<

��>	� (8�m�	 �< `�. �< Oftion 500  �Hyola 

330  E/.� ?�p) V�
�3.(  

 �� �	.m �%�.< *��� ?�6( 2>	 �* �� �.:>* �$�

 E/.�qP  F�.A-�	 �i.)	 �>����!�A/ �!���U �>

�� �Aj�:)	.<
!�< .  
�; E%
< f>�A) �< ��� �<) V�
�

2 ( 2>	 �� 
>*.�  
�������#p� ��4< �$� E( ��	*

*�< ���! Q# � _m� .�c� �	 ���! Q>	R/	 �->��4< ^ 

0S  �<3S  Q��� `���75/8  �
D�*qP  ��1.� �*

 � ��>��12/10 
>*.� ��>	� ��1.� �* �
D�* . �*

 ^
)
! .��~ ���$A� R�) �%�.< *��� 8�m�	 o�5U 2>	

 F	R�� 2>.A��< �->��4<qP  _m� 	�Hyola 330   �

 _m� 	� F; 2>.A��PP-401-15 E  ��1.� �* .� �*

 ��>�� 
#A!	* ��>	� �) V�
�2  .(  

 ���! Q# Y4% 2>.n�< �*)3S ( *��� 8�m�	 R�)

_m� �->��4< ^
)
! .��~ ���$A� �%�.<Hyola 330 

2�:)��� �< `�. �< ��>	� � ��>�� ��1.� �* .� �* ���

76/0  �75/0  _m� � 2>.A��< �	�	*PP-401-15 E  R�)

2�:)��� �< ���68/0  �66/0  ��>�� ]1	.� �* `�. �<

 F	R�� 2>.A�� ��>	� ��� �i.)	 �>����!�A/ �!���U �$�

 �>����!�A/ *.���� .:)��< �� ��Aj�:)	.< F�.A-�	

 �RA#%�A/  �:A%*) 
���ATP  �NADPH ( 	� E%	

 
)*	* F��)) V�
�3.(  

�� 2�#e  
�; E%
< f>�A) �< ��� �< ��,#A%	 F	�

� *��) Q>	R/	 �	 �.����� �< �Q# �< ]�(A� 8�m�	 �

 .�P �!���U F��� �> ��) ��	.1 [C	 
1 �	 Q�<

 �>����!�A/)qN( �2A!	* �:) n�< .:>* [.y �	 � �

 �>����!�A/ �!���U)qP ( *.���� .:)��< ��

 �< ���6A3� ��,�	 �  *�< �RA#%�A/  �:A%* �>����!�A/

 
���ATP  �NADPH � F	�#� �< 
).� ��D	 ���

F�.A-�	  �:A%* �>�#!�� �U.e �* �Aj�:)	.< ���

 *�	* �RA#%�A/) ��	R<1996  �.d�� � *�,�)	./ �2003( �

 *.-��� 
1 �	 Q�< Q��� �	 �.����� h��<

�* _A3�%�A/ ���A);�� )ΦPSII ( *.-��� .b�	
1 �

�->�� �<  
! �����% X>	.! �* ���A);�� )Fv/Fm (

y 2>	 �	 �  
! �* 	� n�< *.-��� � 
��� V�51 ?>.

 E%	  *.� 2��'  
#>;) �.d�� � *�,�)	./2003.(  

 �)���C< �->�� �	 u.< O> ����D�/  �>�#!�� �<

�� ]6A#� �  
! �A3< �* _A3�%�A/ Q#�	� R�.� �**.�

 F	R�� Q>	R/	 ���) E/�>�* ��'(� 2���	 �*\)�%���/ 

��  
���� ]�/�.�� **.�) �.d�� � *�,�)	./2003 ^

F�3)�� � V� \���1 �2000 .( F	R�� 
p< ��
)	

\)�%���/ *
���	 �� Q���> ��6�	 `,% �< 	.>� �
<�

 ����)_>R); E���p/ F
! ��< � 2<.� _3���<�A� ���

�)��� �	 F�.A-�	 V�6A)	 E�.% �* ��>	R/	 �  
! *�>� ��

�� *��� �< O> _A3�%�A/ �< �* _A3�%�A/ F; �< �� 
>;

 F�.A-�	 �>����!�A/ �!���U)qP(�� �A$� � *�!

) �F�3)�� � V� \���2000 .(  

A� � Q# X>	.! �* F����� 2A/.� �	.m �< �F; �	 .c�

�)��� F
! �A3< F	R�� � �>����!�A/ �!���U F	R�� ���

 F�.A-�	 V�6A)	)2ETR (�� Q���> F; E�� �� 
<�

 F�.A-�	 FRj� ���) ���1	 �U.e .A�� �>	��� .y�j<

)_A3�%�A/ (�* ���1	 �< E,3)
�3�	 2<.�)CO2(  ��

 
!�<).>.A%	3 �1988 .( �.A��< Qj< .�	 2>	 V�,)* �< ��

 ��	.1 [C	 ���5<  
! *�	� �)	��) �i.)	 �	

)�� F�>��) �>����!�A/ .�P �!���U**.� . z�v�� 2>	

                                                 
1 - Maxwell & Johnson 
2 - Electron transport rate 
3 - Stryer 
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 � �)��
#� ���'�F	��-�� : ���D�5U �U.< � ]�/�.�� \)�%���/ �<�>��	... 

 �n�< .>*�6� 2A!	*qPw��)i �* � �< 	� ]�(A� ���

.c	 EW� *�U V*�p .AW< �$1 � ���! �	 .A�� �.>N9

�� ���� ���! �n�< B�4% �* +�31 8�m�	 �< E,3)

�>	��� .:)��< � 
#� �� ��! X>	.! �* �W); .A��<
!�< .  

 h�
 ������� "��>(,  

]�/�.�� ��$D F	R�� 2>.A��<a )Chla( �

]�/�.��b )Chlb ( ]�/�.�� �a+b )Chla+b ( �*

 ���! Y4%0S  ���! Y4% �* �W); F	R�� 2>.A�� �

3S  
>*.�  
����) V�
�4 .( �	 ���! Q>	R/	0S   �<

3S  Q��� h��<28/14  F	R�� �
D�* ]�/�.��a+b 

)Chla+b (
! .  

 F	��-�� � �>��) �F	��-�� � �>��2001 ( �3>�6� �<

�� 8�m�	 E'�P ���! �� 
#A/�>�* =�#$%	 � �:)./

�� Q��� 	� ]�/�.��
�* .�� F��� Q��� �� *��

 E�� �< ����! Q# .�c� E( ]�/�.�� E'�P

V�./��� �$�; � ]�/�.�� �RA#%��< .�3� F*�< T.A�� 

)� 2���A>E ( X>	.! 2>	 �*  ��� �� 
!�<)���! Q# (

�� �A); �RA#%��< .�3� �]�/�.�� RA#%��< qm� �< 
)	�

 ]��* �< 2�#g�� � 
>��) V�p/ 	� V�./��� �$�; F	
�3�	

`��. EU�% �* Fi�.A�) _3���<�A� .�3� .��a .�') �>��

�� ��� �< �R�%	 _�'# �	.< �� 
!�< 2���.9 
)��

)V�<  �F	��-�� � ���1989 �F	��-�� � �>�� ^2001 .(

�� \9 ��! X>	.! E( �� �)����� �� *��) F��< F	�

�� �	.m�� �	.m .�c� E( �W); ]�/�.�� �	�A(� �
).��

�� Q��� ]�/�.�� �	�A(� �W); .b�	 �* � *.��>
<� . �*

 ]�(A� ���! �< �� �)����� �	 �A%* F; �F��� 2>	

� �
#A3�� ]>
p 	� ]�/�.�� �	�A(� Q��� 2>	 
#)	�


##� .  �]�/�.�� �	�A(� Q��� ���A) �* R�) u.< �.�9

�� �	.m ���! Q# .�c� E( *.��) �F	��-�� � �>��

2001 .(  

 ��$D .') �	 R�) Q>���; *��� q�Aj� 8�m�	

���$ �	�	* ]�/�.�� �	�A(��#p�
)*�< �	* . �->��4<
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98/1 ef 76/2 cd 20/7 c 99/1 c 062/0 bc 002/0 b 060/0 b 2S 
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)*��) F��<


>*.�^  	R�� �N< �	  
! V�5(A%	 2P�� .< �.�c{ ���
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)ΦPSII ( ��>�� ��1.� �* .� �* R�))72/0  =r �

01/0P≤(  ��>	� �)61/0  =r �01/0P≤ ( � *�	* *���

�� `�4� 2>	 .:)��< .b�	
1 .>*�6� Q>	R/	 �< �� 
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<� . 2>	

�� F��) �<�U �< z�v�� ���A)	�� *.-��� �� 
�*

E%	  *�< �RA#%�A/  �:A%* E�C%  
#�* F��) �.A��<^ 

�#<�� 2>	.< 2>	 �	 *.-��� _�6A3� S�jA)	 ��� �< F	�

  ��* V�y � *��)  *�$A%	 Q#>R� .�	 �* ���D�5U

*��)  ��� 	� �1CD	 .�#p� � E,b� �:A3,�� 2�< ��	*

                                                 
1- Francois & Kleiman 

 �)	* *.-��� F	R�� � �
��� O�U  *��)84/0  =r �

01/0P≤ (
>*.�  
���� ��� `�4� 2>	 .:)��< �� 
!�<

n�< *.-��� V�51�� .A��< O�U  *�� 
��� �.� �* 


!�< .�#p� � n�< ���3< �:A3,�� R�) �/.y �	 2�< �	*

 2P�� *.-��� � �)	* *.-���)98/0  =r �01/0P≤ (

�� �#p� 2>
<.� �� 
!�<  	
�9 Q>	R/	 �)	* *.-��� �e


#�� �� Q>	R/	 R�) 2P�� *.-���>
<� . �< ��/ f>�A)

 F	��-�� � �
)�A) f>�A))2004( F	��-�� � 0��* ^

)1989 ( F	��-�� � �s	i  �)2007 (*�	* E6<�4� . �<

 _m�  
�; E%
< f>�A) �< ���Hyola 60  .') �	 ��

 ��$DΦPSII )��>	� � ��>�� ��1.� �*( �Fv/Fm 

)��>	� � ��>�� ��1.� �*(�>����!�A/ �!���U �)qp( �

 ]�/�.��a ]�/�.�� �b ]�/�.�� z���� �a �b  *�� �

U B�4% �* 2P�� *.-��� � �)	* *.-��� �]� O�

E!	* �.n�< 2�:)��� 8�m�	 .>�% �< E,3) ���! �n�<� 

 _m� � ���! �< ]�(A� _m� F	�#� �<PP-401-15E 

2�>�9 ���! �n�< B�4% �* �� 8�� �* �,� 2>.

 R�< �%�.< *��� ��$D�� �>����!�A/ .�P �!���U �$�

*�<  *	* o�5AU	 *�U �< 	� �< +�31 _m� F	�#� �< �


! �<�>��	 ���!.  



13 

 ����� �	
���)������� ���� ����( 
�� �35   ���!4  �� 
#$%	 �1391  

 

  j
�%,  

1. 	 �*	.$)	.T ��#�A%�9 �.F ��#�31 F�#�� �.z ��p��y �.� .	 ����4� 
�1	 ��	�U � .1382 .Q#�	� �->i���>R�/ ���

 	R�� 8�m�	.)Brassica napus L (���! Q# �< E,3) ��>�� 
!� ��1.� �* . ���� t<�#� � ������� F�#/ � 8���

 ��p�,y7)4:( 103-112.  

2. 8 �]����%	 ��9.8 ��)�<.m � . ����U �� �*	}) .1384 .�)	�� ��� ���! .c	 ��)�> �	�A(� �O�U � . F�� ��)�


#m �2���.9  ��� �A%��) � V��(� ���Suaeda fruticosa . �F�<��< ����10 )2:( 257- 265. 

3. � ��,�31. ��*	.� �� .�,) �8 ���9 .1386 .w��)i F*.� V�<.P �	  *�$A%	 �< 2�s�9 ���* Q# �< ]�( �	.< f).< ���

\)�%���/ ]�/�.�� . �F	.>	 ��	�� 8��� ����9 )1:( 14-31.  

4. 	 ���n �*C�� .F�31	 �� � *	� .1389 . RA#%�A/ Y4% Q��� ?>.y �	 0).�� *.-��� .< �-�U Q# �$#� .�c�

 _A3�%�A/ ���A)	�� �>	��� �  
##�II . �F	.>	 ��	�� F����� 8��� ����41 )2:( 375-384.  

5. 8 ��#�s�).�.B ��)�3� �.	 � .B ���A$� M�U .	�.�� �8 ���9.B .1383 .>
% ��.�� �	 �!�) ���! Q# .c	 � E'�P .< _


#m � �)
p� .D�#� t>����)	 ���� _m� �% V��(� ��� . ��p�,y t<�#� � ������� 8��� ����12 )1:( 112-121. 

6. Abrol, I.P., and Yadav, J.S.P. 1988. Salt affected soils and their management. 39. 
FAO, Rome, 131 p. 

7. Arnon, D.I. 1940. Copper enzymes in isolated chloroplats polyphenol oxidase. Journal 
of Plant Physiology, 45: 100-114.     

8. Ashraf, M., and Khanum, A. 1990. Relationship between ion accumulation and 
growth in two spring wheat lines differing in salt tolerance at different growth stage. 
Journal of Crop Science, 178: 39-51. 

9. Ashraf, M., and McNeilly, T. 1990. Responses of four Brassica species to sodium 
chloride. Journal of Plant Physiology, 30: 475-487. 

10. Ashraf, M., and McNeilly, T. 2004. Salinity Tolerance in Brassica Oilseeds. Journal 
of  Plant Science, 23: 157-174. 

11. Ashraf, M., and Waheed, A. 1993. Responsess of some genetically diverse line of 
chickpea to salt. Field Crops Research, 64: 100-110. 

12. Balibrea, M.E., Parra, M., Bolarin, M.C., and Perez-Alfocea, F. 1999. PEG-osmotic 
treatment in tomato seedling induce salt-adaptation in adult plants. Australian Journal 
of Plant Physiology, 26: 781-786. 

13. Bazzaz, F.A. 1996. Plants in changing environments: linking physiological population 
and community ecology. Cambridge University Press, Cambridge, UK. pp: 124-152. 



14 

 � �)��
#� ���'�F	��-�� : ���D�5U �U.< � ]�/�.�� \)�%���/ �<�>��	... 

14. Belkhodja, R., Morales, F., Abadia, A., and Medrano, H. 1999. Effects of salinity on 
chlorophyill fluorescence and photosynthesis on barley (Hodeum vulgare L.) grown 
triple-line-source sprinklersystem in the field. Photosynthetica, 36: 375-378. 

15. Belkhodja, R., Morales, F., Abadia, A., Gomez-Aparisi, J., and Abadia, J. 1994. 
Chlorophyll fluorescence as a possible tool for salinity tolerance screening in barley 
(Hordeum vulgare L.). Journal of Plant Physiology, 104: 667-673. 

16. Bolhar-Nordenkampf, H.R., Long, S.P., Baker, N.R., Oquist, G., Schreiber, U., and 
Lechner, E.G. 1989. Chlorophyl fluorescence as a probe of the photosynthesis 
competence of leaves in the field. Journal of Ecological science, 3(4): 497-514. 

17. Bongi, G., and Loreto, F. 1989. Gas exchange properties of salt-stressed olive (Olea 
uropea L.) leaves. Journal of Plant Physiology, 90: 1408-1416. 

18. Brugnoli, E., and Lauteri, M. 1991. Effect of salinity on stomatal conductance, 
photosynthetic capacity and carbon isotop discrimination of salt-tolerant (Gussypium 
hirsutum L.) and salt sensitive (Phaseolus vulgaris L.) C3-non-halophytes. Journal of 
Plant Physiology, 95: 628-635. 

19. Colmer, T.D., Epstein, E., and Dvorak, J. 1995. Differential solute regulation in leaf 
blades of various ages in salt-sensetive wheat and a salt-tolerant wheat × Lophopyrum 
elongatum (host) A. love amphipoloid. Journal of Plant Physiology, 108: 1715-1724. 

20. Demmig-Adams, B.W.W., Adams, N.I., Winter, K., Meyer, A., Schreiber, U., Pereira, 
J.S., Kruger, A., Czygan, F.C., and Lange, O.L. 1989. Photochemical efficiency of 
photosystem II. Ohoton yield of O2 evolution, photosynthetic capacity, and carotenoid 
composition during the midday depression of net CO2 uptake in Arbutus unedo 
growing in Portugal. Journal of Plant Physiology,  177(3): 377-387. 

21. Doring, J., and Ludders, P. 1986. Effect of different salt treatment on punica granatum 
1.at different root temperaturea. Artenbauwissenschaft, 52(2): 92-96. 

22. Francheboud, Y., and Leipner, J. 2003. The application of chlorophyll fluorescence to 
study light, temperature and drought stress. In: De-Ell, J.R., P. M. A. Tiovonen (eds.). 
Practical applications of chlorophyll fluorescence in plant biology. Boston: Kluwer 
Academic Publishers, 125-150. 

23. Francois, L.E., and Kleiman, R. 1990. Salinity effect on vegetative growth, seed yield 
and fatty acid composition of crambe. Journal of Agronomy and Crop Science, 82: 
1110-1114. 

24. Hoai, N.T.T., Shim, I.S., Kobayashiand, K., and Kenji, U. 2003. Accumulation of 
some nitrogen compounds in response to salt stress and their relationship with salt 
tolerance in rice ( Oriza sativa L.) seedling. Journal of Plant Growth Regular, 41: 159-
164. 

25. Jimenez, M.S., Gonzalez-Rodriquez, A.M., Moralez, D., Cid, M.C., Socorro, A.R., 
and Cabollero, M.. 1997. Evaluation of Chlorophyll fluorescence as a tool for salt 
stress detection in roses. Photosynthetica, 33: 291-301. 



15 

 ����� �	
���)������� ���� ����( 
�� �35   ���!4  �� 
#$%	 �1391  

 

26. Joao- Correia, M., Leonor-Osorio, M., Osorio, J., Barrote, I., Martins, M., and David, 
M.M. 2006. Influence of transient shade period on the effect of drought on 
photosynthesis, carbohydrate accumulation and lipid proxidation in sunflower leaves. 
Environmental and Experimental Botany, 58: 75-84. 

27. Kaya, C., Higges, D., and Kirnak, H. 2001. The effects of high salinity (NaCl) and 
supplementary phosphorus and potassium on physiology and nutrition development of 
spinach. Journal of  Plant Physiology, 27(3-4): 47-59. 

28. Kaya, C., Kirnak, H., Higgs, D., and Satali, K. 2002. Supplementary calcium enhances 
plant growth and fruit yield in strawberry cultivars grown at high (NaCl) salinity. 
Journal of Horticulture Science, 93:65-74. 

29. Lee, M.H. 2001. Low temperature tolerance in rice: the Korean experience. Increased 
lowland rice in the Mekong region edited by Fukai and Jaya Basnayake. ACIAR 
Proceeding, 101:109-117. 

30. Maxwell, K., and Johnson, G.N. 2000. Chlorophyll fluorescence-a practical guide. 
Jouranl of Experimental Botany, 51: 659-668. 

31. Meneguzzo, S., Navari-Izzo, F., and Izzo, R. 2000. NaCl effects on water relation and 
accumulation of mineral nutrient in shoot, root and ceel sap of wheat seedling. Journal 
of Plant Physiology, 156: 711-716. 

32. Mishra, S.K., Subrahmanyam, D., and Singhal, J.S. 1991. Interrilationship between 
salt and light stress on primary processes of photosynthesis. Journal of Plant 
Physiology, 138: 92-96. 

33. Misra, A.N., Srivastava, A., and Strasser, R.J. 2001. Utilization of fast Chlorophyll 
fluorescence technique in asseissing the salt/ion sensitivity of mung bean and Brassica 
seedlings. Journal of Plant Physiology, 158: 1173-1181. 

34. Netondo, G.W., Onyango, J.C., and Beck, E. 2004. Sorghum and salinity: I. Response 
of growth, water relation , and ion accumulation to NaCl salinity. Journal of Crop 
Science, 44: 797-805. 

35. Paquine, R., and Lechasser, P. 1997. Obsertions sur une method dosage la libre, pp: 
145-160. 

36. Pessarakli, M., Tucher, T.C., and Nakabuyashi, K. 1991. Growth response of barley 
and wheat to salt stress. Journal of Plant Nutrient, 14 (4): 331-340. 

37. Powles, S.B. 1984. Photoinbition of photosynthesis induced by visible light. Rev. 
Journal of Plant Physiology, 35: 15-44.  

38. Qasim, M. 2000. Physiological and Biochemical Studies in a Potential Oilseed Crop 
Canola (Brassica napus L.) Under Salinity (NaCl) Stress. Ph.D thesis. Departmant of 
Botany, University of Agriculture, Faisalabad, Pakistan. Canadian Journal of Plant 
Science, 58: 783-787. 



16 

 � �)��
#� ���'�F	��-�� : ���D�5U �U.< � ]�/�.�� \)�%���/ �<�>��	... 

39. Raghav, C.S., and Pal, B. 1994. Effects of saline water on growth, yield and yield 
contributory characters of various wheat cultivars. Journal of Agricultural Research, 
15 (3): 351-356. 

40. Sairam, R.K., and Tyagi, A. 2004. Physiology and molecular biology of salinity stress 
tolerance in plants. Journal of Current Science, 86: 407- 421. 

41. Shannon, M. 1997. Adaptation of plant to salinity. Adv.  Journal of Agronomy, 60: 
75-120. 

42. Stryer, L. 1988. Biochemistry, 3rd edition. WH Freeman and Company, New York, 
1089 pp. 

43. Winicov, I. 1994. Gene expretion in relation on salt tolerance. In: S. Barsa, ed. Stress-
induced gene expretion in plant. Harward Academic Publishers: Switzerland, pp: 61-
85. 

44. Yang, G.P., Rhodes, D., and Joly, R.J. 1996. Effect of high tempreture on membrane 
stability and chlorophul fluorescence in glycinebetain-deficient and glycinebetain-
containing maize lines. Australian Journal of Plant Physiology, 23(4): 437-443. 

45. Yokota, S. 2003. Relationship between salt tolerance and proline accumulation in 
Australian acacia species. Journal of Crop Science, 8: 89-93. 

46. Zhao, G.Q., Ma, B.L., and Ren, C.Z. 2007. Growth, Gas Exchange, chlorophyll 
fluorescence, and ion content of naked oat in response to Salinity. Journal of Crop 
Science, 41: 123-131. 

 


