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

)81/0 ( ���! Y4% �*0S  �* F; F	R�� 2>.A�� �

 ��>�� ��1.�)72/0 ( ��>	� ��1.� �* �)71/0 ( �* ��

 ���! 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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���� _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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)�-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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 .��~ ���$A� o�5U 2>	 �* R�) �%�.< *��� 8�m�	
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!�  _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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�� �A); �RA#%��< .�3� �]�/�.�� RA#%��< qm�
 �< 
)	�
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