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1 - Photoinhibition                                                                                                2 - Electron Transport Chain (ETC)  
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1 - Imaging of fast chlorophyll fluorescence induction curve (OJIP)                                           2 - Reaction centers  
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Table 1. Location, thirty-year average temperature (°C), and total annual rainfall (mm/year) of 17 different 
geographical areas of Iran where the tomato landraces used in this study were obtained from (Iran Meteorological 
Organization, 2019). 

����� 

Number 

��6� 

Location 

� Y4@��430 ��= �.�2  

30 years average temperature (°C) 


>����� i���� ��G�2  

Total annual rainfall (mm/year) 
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Fig. 1. Changes in the relative maximal variable fluorescence (FM/F0) during seven days of water withholding in 
17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one graph 
(except the bottom right graph). 

 P6�1-   �����44K%��� ��4+4� N��2��Q�� 

O� �4K1� )0F/MF(  �= ���4�A HIJ :� N- :�� 3!� 
L17  � ���	� 
@��� ���> 34<��

 �=�>��= .����  �� ������ �=��� S^+�5 �1��> ���J P6� M	 �= 34<�� ���)32�� 3�2 Y4e�- P6� ���v12� ��(. 

  

��41���� ) 8�C�� 0C�� �� ��:� �� ��� VW� ��04� ?���4�A HIJ :� ���: 3�W> �� �C =�= ��+� 8��,- Y	�ABS/RC (

 ����4> �= �	:8�% 
� 8	�0�� P6�) ���	2 .(��41���� N��	��� �	0�% �=�=��  �= S7�� Y	� ���/� 3
O� Y4� �C =�= ��+�

 ����4> �	: ���� ����4> �� 8�% (8�% / ����)34<�� 
���% �= � ���>��=�� 
�<� _��!% T��1B� ~I2 �= ���=5  �"�=

) =��= =�����41���  .(32� ��+� �=�= ��+�U�Y4�a  ����= ����44K% S7��ABS/RC  _��!1� 
2��� =��� ����4> �=


�T�v� ����� �� .����?  :� �A ���/� :��4� 34<�� �=52/2  �� T�� :�� �=23/5 32� ��42� U1!� :�� �=?  34<�� �= ���

����  :� Y�C�%44/2  �� T�� :�� �=86/14  P6�) 32� �1��	 8	�0�� U1!� :�� �=2 .(��41����  �	=�/� 3
O� Y4@��4� �O	�/�

 ����4> �	:�� Z[17� Y	�1�C ����= ����: 34<�� �C =�= ��+� 04� ]�1^� ����4> �= U��- :�� �= ���� �� 8�%  ����4>

���� 34<�� � =�7 ���� 
� =�7 ���� ����4> �� Z[17� Y	�1+4� ����= Y�C�%����� )��41��� (32� ��+� �=�= ��+� . �=

 
+��,-Jedmowski �  Brüggemann)13 ����4> �= 8�C�� 0C��� :� 
p<� ��� T�<��4� �C ��=�C o��0> ( �	: 8�%

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
14

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.14.5
https://journal-irshs.ir/article-1-463-en.html


� 
	��2�2 ����6��  

80 

 �A �� 04� G�� �= �C ��I���� ?
6+7
� 8�C�� 0C�� �� ��:� �� ��� VW� ��04� 8	�0�� h��� ?�� ����� :� �@	= 
6	 .=��

 ����4> �= 8�C�� 0C�� �� ��:� �� ��� VW� ��04� 8	�0�� P	G= �	:?8�%  :� P4����C h	�^% ��� :� 
��� t�� X�=�: ��4-


� 
6+7 8�% ���/� 8��C � 8�C�� 0C��� ��� T�<��4� h��� �C ��������4>
� �9�� ���) =��7  �14.(  

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7

8
���

C��
 0

C�
���

 �
���

 �
�:�

 �
�� 

��
�� 

V
W�

A
B

S
/R

C
 (

a.
u.

)

 

 Matin (Hybrid)
 Yazd
 Orumie
 Gorgan
 Esfarayen

 

 Shiraz
 Sari
 Semnan
 Bandar Torkman
 Kermanshah

8
���

C��
 0

C�
���

 �
���

 �
�:�

 �
�� 

��
�� 

V
W�

A
B

S
/R

C
 (

a.
u.

)

(:��) ���:

Time (day)

 Neishabour
 Kordestan
 Sirjan
 Hamedan
 Varamin

 

(:��) ���:

Time (day)

 Shahrood
 Zanjan
 Rasht
 8320 (Hybrid)

 

Fig. 2. Changes in the specific energy fluxes per reaction center for energy absorption (ABS/RC) during seven 
days of water withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five 
landraces placed in one graph (except the bottom right graph). 
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Fig 3. Changes in the electron transport flux per reaction center (ET0/RC) during seven days of water 
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces 
placed in one graph (except the bottom right graph). 

 P6�3- �44K% ������� ) 8�C�� 0C�� �� ��:� �� ���16.� T�/1�� ���/�RC/0ET ��!� �= ���4�A HIJ :� N- :�� 3!� 
L (

 �= � ���	� 
@��� ���> 34<���>��=��.  �� ������ �=��� S^+� 3d�5 �1��> ���J P6� M	 �= 34<�� ���) ��

 3�2 Y4e�- P6� ���v12�32��(. 

 

��41����  �j�B 8��,-U�Y4�a ) 8�C�� 0C�� �� ��:� �� ���16.� Y1��> ��04� �C =�= ��+�RC/0TR Z[%� �\��� � (

) 8�C�� 0C�� �� ��:� �� ���RC/0DI 8	�0�� 
2��� =��� ����4> �= 
6+7 8�% T���� � ���4�A HIJ D	��� �= ( 3��	

 P6�)4  �5 .(��41���� 3
O� �	=�/� N��	��� �	0�%����) �� / 34<�� Y4� �C =�= ��+� 
2��� =��� ����4> �= (8�% � ��

�>��=��� 
�<� Z[17� ]�1^� T��1B� ~I2 �= ���=5  % .=��= =�����41���� 3
O� Y	� Y4@��4� �O	�/� U��- :�� �= ��

34<�� �C =�= ��+� 04�� Y	�1+4� =����� � =0	 ��� �= =�7 ���� ����4> �� �� Z[17� Y	�1�C ����: 34<�� � Z[17

 S7�� ���/�RC/0TR ��=�= ��+� )��41��� (32� ��+� �=�= ��+� S7�� =��� �= .RC/0DI ���� 34<�� 04�  Y�C�%

34<�� � Z[17� Y	�1+4�I���� .��=�= ��+� =�7 ���� ����4> �� �� Z[17� Y	�1�C Y4���� � ����: ��� �= �C ��

P6� ���4  �5  8	�0�� ���/� 32� ��� �=�= ��+�RC/0TR � RC/0DI  ]�1^� ����4> �= ���4�A HIJ :� N- :�� 3!� 
L

 _��!1�=��T�v� ����� �� .?  S7�� ���/�RC/0TR  :� Y4���� 34<�� �=95/1  �� T�� :�� �=47/2 �42� U1!� :�� �=?  �= ���

 :� =����� 34<��94/1  �� T�� :�� �=31/3  P6�) =�C ��4- 8	�0�� U1!� :�� �=4 S7�� 8	�0�� ���/� .(RC/0DI  :�� :�

 :��4� 34<�� �= ���4�A HIJ :� N- U1!� :�� �% T��78/1  :�)45/0  ��24/2 ����2 34<�� �= � (09/9  :�)49/0  ��4/10 (

 P6�) =��5� �= �C ��I���� .( P65 ���� 34<�� ?����2 34<�� :� N- 32� ��� �=�= ��+�  ��04� Y	�1+4� Y�C�%

 S7�� �= �� Z[17�RC/0DI  
�C ��L �� .32� �=�= ��+� 8�% T���� :� N- U1!� :�� �% T�� :�� :�?  X�2���o��0> ���

Guha ) ����6�� �12 � (Dong ) ����6�� �10
���: ( 
6+7 8�% T���� �9� �= �C T�/1�� � P/� ��04� ?��4> �� �� ���16.�

) 8�C�� 0C�� �� ��:�RC/0ET
� 8��C () �\��� Z[%� ��04� ?���	RC/0DI) ���16.� Y1��> ��04� � (RC/0TR �� ��:� �� (

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

1.
14

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 jo
ur

na
l-

ir
sh

s.
ir

 o
n 

20
26

-0
6-

11
 ]

 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.1.14.5
https://journal-irshs.ir/article-1-463-en.html


� 
	��2�2 ����6��  

82 


� 8	�0�� ��4> �= 8�C�� 0C�� �	=�/� Y4� 3
v� 
@1O
�� =��� ��� Y	� .���	RC/0ET �� RC/0DI  وRC/0TR 
� ����%

 �= 8�C�� 0C��� �� �=��� _��O7 :� 
����= ���� U1O42  

 ) =�� T�<� 8�C�� 0C�� M% �� �= �\��� ��	�� 8	�0�� h��� 32� Y6�� �C ���� 04�21 T�/1�� � P/� 8��C .(

 :� 8�C�� 0C��� �= 
���16.� ��2 T�/1�� ��4��: �= ���16.� T�/1�� � P/� 8��C :� ��4>��� h
2 �@	=���16.�  �C ���


� w��� �� ���� ?�B :� 84� �\��� �=�� Y4� :� =�� ��4�C ?�4e�C[4% ��+� �= �4%��4OC� h42A ����2� ��2A) =��13 .(  

 

1.5

2.0

2.5

3.0

3.5

1 2 3 4 5 6 7

1.5

2.0

2.5

3.0

3.5

1 2 3 4 5 6 7

8
���

�C
�� 

0C
��

���
 �

���
� 

�
�:�

 �
���

� �
��

1�
��6

.� Y
1�

��
��>

T
R

0/
R

C
 (

a.
u.

)

 

 Matin (Hybrid)
 Yazd
 Orumie
 Gorgan
 Esfarayen

 

 Shiraz
 Sari
 Semnan
 Bandar Torkman
 Kermanshah

8
���

�C
�� 

0C
��

���
 �

���
� 

�
�:�

 �
���

� �
��

1�
��6

.� Y
1�

��
��>

T
R

0/
R

C
 (

a.
u.

)

(:��) ���:

Time (day)

 Neishabour
 Kordestan
 Sirjan
 Hamedan
 Varamin

 

(:��) ���:

Time (day)

 Shahrood
 Zanjan
 Rasht
 8320 (Hybrid)

  

Fig. 4. Changes in the trapped energy flux per reaction center (TR0/RC) during seven days of water withholding 
in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one 
graph (except the bottom right graph). 
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Fig. 5. Changes in the dissipated energy flux per reaction center (DI0/RC) during seven days of water 
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces 
placed in one graph (except the bottom right graph). 
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Fig. 6. Changes in the maximum quantum efficiency of PSII (FV/FM or P0) during seven days of water 
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces 
placed in one graph (except the bottom right graph). 
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Fig. 7. Changes the performance index on the absorption basis (PIabs) during seven days of water withholding in 
17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one graph 
(except the bottom right graph). 
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Changes in Photosynthetic Capacity of Seedlings of Some Tomato Landraces 

in Drought Stress 

 

N. Sousaraei, K. Mashayekhi*, S. Aliniaeifard, S. J. Mousavizadeh and V. Akbarpour11 

 

In this study, in order to evaluate the effects of drought stress on photosynthetic capacity of 17 
different landraces and two commercial tomato hybrids, plant irrigation was stopped at the 
seedling stage and the changes in photosynthetic capacity during seven days of water withholding 
was measured by OJIP test. The results showed that the relative maximal variable fluorescence 
(FM/F0), electron transport flux per reaction center (ET0/RC), maximum quantum efficiency of 
PSII (FV/FM or P0) and performance index on the absorption basis (PIabs) were decreased in 
drought-induced plants. In these plants, specific energy fluxes per reaction center for energy 
absorption (ABS/RC), trapped energy flux per reaction center (TR0/RC) and dissipated energy 
flux per reaction center (DI0/RC) were increased. The values of decrease and increase in plants 
were different, indicating the difference in drought tolerance levels in plants. The results also 
showed that the more drought-tolerant plants had less difference in the values of the parameters 
compared to their control. The results of this study help us to find the differences between the 
responses of the parameters related to the health of the plants photosynthetic capacity and provide 
theoretical foundations for improving tomato tolerance to dry climatic conditions. 
Keywords: Chlorophyll fluorescence, Photosynthesis rate, Photosystem II efficacy, Quantum. 
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