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�:�	�RR^ �J�K
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�>�F/	�*a��/b��1�/�O��	F�=��>*���J�K
/��*�^�K!�	.�K%��.v�/�$	)./��[\v]�����,%<���7��

�. Lutts         \. Jana         '. Choudhuri         �. Hermle         �. Dere           �. Lichtenaler        �. Wellburn 
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�0C 

��� Chla = 11.75 A662 – 2.350 A645 

  Chlb = 18.61 A645 – 3.960 A662 

  CX+ C = 1000 A470 – 2.270 Chla -81.4 Chlb/227 

��
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����%y����/��;�/��O��G��7;w���Q�<��:/������Y���ml�'�������F�Y`���	Y<�8�,Y&F�	F�Y���Y����Y�w��Y��/��Y���������Q�Y<�

������|Y���
��Y.�@��Y��O��G���Y�N�7�����>Y�1�DKY*�/���Yd���:�	Y�4s���;Y�����	Y%�.���O�Y�G��=�����Y����Y����$N�:/��/��%Y���	�\�

;YY����	YY%�.��/�8�,YY&F�	F�YY��O�YY�G�\s��;YY����	YY%�.�:��;YY
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��Yg�w�7����Y�@��$�EY��:�DCPIP������Y?���ZY&@�	Y�
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%��(��� ��&�(�4�
F���� �
�@�
���� �!��
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��F���=�����Y��/����^�=�
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��O����������QN��Y��$N��Yd@�/��Y��	3��Y.�����Y��	Y-g������;Y�����	Y%�.�

�YY������YY<��7=���YY����~�YY?$�	YY*��YY��8�YY�T��1����=N�:�1��YY<���YYK��N�^�YY��
�:�	YY���;F�YY?�bYYC�*�s��;YY����	YY%�.��=�

��_�~�?�q��$N�:/��/��%���	�������;����	%�.�0�%<�	F�����<�������<�8�%<�'�;�����	Y%�.���̂ �Y��~	Y�����/�^���Y�1

�s��;����	%�.����<��0����6<N'�����Y���F�Y`��7��O�Y�G�����Y����Y�����8�Y���Y��4����^Y������Yg�w���:��Y�°
C���������	Yw

�F	3�7�O��G���d@�$����	<�=��������������O���
����v������\��;����	%�.����QbY��noY<�/��������<���Y������
%Y<�

�	%��%F/	%6o<��O��LKB��n��
����H�<�����O�l���nm4����=�����:	�3����	37��

��

%��(��� ��&�?
�>��F�=>�����G� �!C�9NPT:��

�:�	��=�����:	�3�O��
��	�C�:�Y1
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��YF����	Y3

����/����^�=�
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����8��'�����	<�����g�w�rpm���������T�,�	%��<�7�:�	��=�����:	�3�O��
�	�C�:�1
/	+P�;K�µL�'����=���

�. Patsikka               �. Xiong             '. Non Protein Thiol              �. Edreva 
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�0H 

���Y��������Y_��ml�\��	F�Y����8�,Y&F��Y* pH ����Y��	Y��	��:�vs�����Y�������Y�y��������Y��O�Yl����$N�QbY��/nm�m�\�

�=��YYYYY���:	YYYYY�3���noYYYYY<�/��YYYYY��$N�:/�\4�/	6��	YYYYY%�.��\��\�:��/	YYYYY%����4��4��:��:��YYYYY�
�K�0YYYYY�J/E���YYYYY<�� �

�IDTNBILDTNB�mM�v���O�YYY�G��>YYYH�����EDTA��mM�4���8�,YYY&F�	F�YYY��/M��s�����YYY�pH��vs���>YYY@

���	3�L��QbY��D��EF������/��/���/EF���Y�����	%��%F/	%6oY<����
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-1�v��s�'L�[�4]7��

��

%��(��� ��&�
�@��� ��������

�:�	��=�����:	�3�u/��=��8�	%���:��%G������&*��$���6�1�/[mm]�����,%<���Y��7�����YF���=���	Y3�����Y����	Y


�/\�e	��	
��F���=���	3�^�=�
��1 �����	YH�EY������Y&��8��-w����/��Y����������Y��3������Yl��Y��D��Y�=N��Y.�.�>YH������/

���	YYw�YYF	3�$N�:/��noYY<�/���YY1ml����QN��YY��	3��F�YY`��	YY-g��7�.�YY.��8�YY���YY���YY1'���:��YY��^YY��>YYH�������YYg�w�

w�$�����.�.�$����	<�=������/��K%F	3��	�$N�:�%G���1������1Z�EK
����Y�����Y_���d@�/����	3�~�?�QN�����Y��	Y-g�

ml�\4��YY������YY<��7��YY_��=�q����YY����YY��ml��s��:�	YY������%YY���	��8�	YY%���$�EYY���^�YY��
��YY��$N�:/��/ml�ms��

���<��0���&�.�<4����,.�<������<��0�(vI��W/VL����YF�O��G�����$����	<�=������/���/EF�ml�4s(����Y<�

t�����YY��O�YYl����	%��%F/	%6oYY<����
%YY<���YY��$N�QbYY��/��YY���F�YY`�nm�m����=��YY���:	YY�3��YY���=�����,%YY<���YY��/

KGK��������%<��;��:�	��8�	%���:��%G��F���a�1�����D���=N�:�1�Z&@�	�g g
-1

FW�����	3��)<�G�7��

��

%��(��� ��&������� ��"�#���������
����� 

�:�	��=�����:	�3�8�	%�����E�N���.��F�u/��=��=�%*/�������&*��$���6�1�/[mm]�����,%<����7���=���	3

���^�=�
�	
��F�������$�	*��.�=������/ml�(���<�%+�8�	%���������5���;����0��8����������	1�/������<

�H���+� ��� �g�w���?G��/� ���	3�~�.�.� ��� ����~�?�O����:�1�8��� ��� /� �����>g%K��D���=N'������ �g�w�

�8��	@� ����� ���0���
� ��
���6��°C�\4��K%F	3� ��	w.�� =�� ���� ^��8���{w�%��:�	�� ����E�N���.��F� $�	*
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�:�	�NO2-

N�N�������=ml�\��O��G��=����������>g%K��T�,�	%��<��.�.�0�����/��%���	�����$N�:/��/ml������W���,.�<

������0����	�*���<��I'�O��L��/ml��N��I��>�%,�L��:��^��
������	�*/���1�:����N�\s�������F�`��7�=�����

�4��8�������g�w�4�����g�w����	<�rpm��\������T�,�	%��<�N�Qb��/	%��%F/	%6o<����
%<�����$��O��LKB�

n��
����H�<������O�l���nm�4m���=�����:	�3����	3�7�Z&@�	����E�N�^�����.��F���F���E�N���.��F��?��

���	3��)<�G���1�����7��

��

�. 2, 2´ Dinitro-5-5´-dithio dibenzoic acid 
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ANOVA 

 Sum of Squares df Mean Square F Sig. 

Root length Between Groups 758.007 2 379.003 221.783 .000 

Within Groups 10.253 6 1.709   

Total 768.260 8    

Dry weight Between Groups .464 2 .232 81.327 .000 

Within Groups .017 6 .003   

Total .482 8    

 Root Cd content Between Groups 390620.222 2 195310.111 2356.288 .000 

Within Groups 497.333 6 82.889   

Total 391117.556 8    

Shoot Cd content Between Groups 69742.889 2 34871.444 841.402 .000 

Within Groups 248.667 6 41.444   

Total 69991.556 8    

��

e��F� 

1. S. Astolfi, A. Zuchi, C. Chiani, C. Passera, "In vivo and in vitro effects of cadmium on 

H
+
ATPase activity of plasma membrane vesicles from oat (Avena sativa L.) roots", Plant 

Physiology, 160 (2003) 39-387. 

2. S. Astolfi, S. Zuchi, C. Passera, "Effect of cadmium on H
+
ATPase activity of plasma 

membrane vesicles isolated from roots of different S-supplied maize (Zea mays L.) plants", 

Plant Science, 169 (2005) 361-368. 

3. S. Astolfi, S. Zuchi, C. Passera, "Role of sulphur availability on cadmiuminduced changes of 

nitrogen and sulphur metabolism in maize (Zea maysL.) leaves", Plant Physiology, 161 

(2004) 795-802. 

4. M. B. Bazzaz, A. Govindjee, "Effects of cadmium nitrate on spectral characteristics and light 

reactions of chloroplasts", Environmental  Letters, 6 (1974) 1-12. 

5. M. P. Benavides, S. M. Gallego, M. L.Tomaro, "Cadmium toxicity in plants", Brazilian 

Journal of Plant Physiology, 17 (2005) 21-34. 

6. W. H. Campbell, "Nitrate reductase structure, function and regulation: bridging the gap 

between biochemistry and physiology", Annual Reviews of Plant Physiology, Plant 

Molecular Biology, 50 (1999) 277-303. 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

5-
16

 ]
 

                            14 / 18

https://ndea10.khu.ac.ir/jsci/article-1-1369-fa.html


	��	��������*�8�	h�8�r����3����=�%*/���8�	%�����E�N���.��F�/�;����������:�1	%����+�=��;H�������������������������������	)*���+��,�-.��

 

�[C 

7. J. Chen,C. Zhu, D. Lin, Z. X. Sun, "The effects of Cd on lipid peroxidation, hydrogen 

peroxide content and antioxidant enzyme activities in Cd-sensitive mutant rice seedlings", 

Canadian Journal of Plant science. 87 (2007) 49-57. 

8. S. Clemens, E. J. Kim, D. Neumann, J. I. Schroeder, "Tolerance to toxic metals by a gene 

family of phytochelatin synthases from plants and yeast", European Molecular Biology 

Organization Journal, 18 (1999) 3325-3333. 

9. S. Clemens, M. G. Palmgren, P. Kra¨mer, "A long way ahead: understanding and engineering 

plant metal accumulation", Trends Plant Science, 7 (2002) 309-315. 

10. C. S. Cobbett, "Phytochelatins and their roots in heavy metal detoxification", Plant 

Physiology, 123 (2000) 825-832. 

11. C. De Vos, M. J. Vonk, R. V. Vooijs, H. Schat, "Glutathione depletion due to copper-

induced hytochelatin� synthesis causes oxidative stress in Silene cucubalus", Plant 

Physiology, 98 (1992) 853-858. 

12. L. A. Del Rio, L. M. Saudalio, J. M. Palma, P. Bueno, F. J. Corpas, "Metabolism of oxygen 

radicals in peroxisomes and cellular implications", Free Radical Medicine and Biology, 13 

(1992) 557-580. 

13. S. Dere, T. Guns, R. Sivaci, "Spectrophotometric determination of chlorophyll A, B and 

total carotenoid Contents of some algae species using different solvents", Turkish Journal of  

Botany,  22 (1998) 13-17. 

14. M. Drazkiewicz, A. Tukendorf, T. Baszynski, "Age dependent response of maize leaf to 

cadmium treatment: effect on chlorophyll fluorescence and phytochelatin accumulation",  

Plant Physiology, 160 (2003) 247-254.  

15. A. Edreva, E. Hadjiiska, "About the determination of� sulfhydril (thiol) group content in 

plant material", Bulgarian Journal of Plant Physiology, 10 L1984I 73-837 

16. P. Faller, K. Kiennzler, A. Krieger-Liszkay, "Mechanism of Cd
2+

 toxicity: Cd
2+

 inhibits 

photoactivation of photosystem II by competitive binding to the essential Ca site", 

Biochimestry and Biophysics. Acta, 1706 (2005) 158-164.  

17. F. Fodor, "Physiological responses of vascular plants to heavy metals. In: Prasad, M.N.V., 

Strzalka, K. (Eds), Physiology and Biochemistry of Metal Toxicity and Tolerance in Plants", 

Kluwer Academic Publishers, Dordrecht, Netherlands (2002) 149-177.  

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

5-
16

 ]
 

                            15 / 18

https://ndea10.khu.ac.ir/jsci/article-1-1369-fa.html


	��	��������*�8�	h�8�r����3����=�%*/���8�	%�����E�N���.��F�/�;����������:�1	%����+�=��;H�������������������������������	)*���+��,�-.��

 

�[H 

18. J. F. Gonçalves, A. G. Becker, D. Cargnelutti, L. A. Tabaldi, L. B. Pereiva, V. Battisti, R. 

M. Spanevello, V. M. Morsch, T. Nicoloso, M. R. C. Schetinger, "Cadmium toxicity causes 

oxidative stress and induces response of the antioxidant system in Cucumber seedlings", 

Brazilian Journal of Plant Physiology, 19 (2007) 223-232. 

19. H. Gouia, M. H. Ghorbal, C. Meyer, "Effects of cadmium on activity of nitrate reductase 

and on other enzymes of the nitrate assimilation pathway in bean", Plant Physiology, 

Biochemistry, 38 (2000) 629-638. 

20. M. Hatata, E. Adel Abdel-Aal, "Oxidative stress and antioxidant defense mechanisms in 

response to Cadmium", Treatments American-Eurasian Journal of Agricultural and Environ-

mental Science, 4 (6) (2008) 655-669. 

21. R. L. Heath, L. Packer, "Photoperoxidation in isolated chloroplasts. I. Kinetics and stoichio-

metry of fatty acid peroxidation", Archives of Biochemistry and Biophysics, 125 (1968) 189-

198. 

22. L. E. Hern´andez, A. G´arate, R. Carpena-Ruiz, "Effects of cadmium on the uptake, 

distribution and assimilation of nitrate in Pisum sativum", Plant Soil.189 (1997) 97-106. 

23. Y. T. Hsu, M. C. Kuo, C. H. Kao, "Cadmium-induced ammonium ion accumulation of rice 

seedlings at high temperature is mediated through abscisic acid", Plant Soil, 287 (2006) 267-

277. 

24. S. Jana, M. A. Choudhuri, "Glycolate metabolism of three submerged aquatic anagiosperms 

during aging", Aquatic Botany, 12 (1981) 345-354. 

25. Z. Krupa, T. Baszynski, "Some aspects of heavy-metals toxicity towards photosynthetic 

apparatus-direct and indirect effects on light and dark reaction", Acta Physiologia Plantarum. 

17 (1995) 177-190.  

26. H. K. Lichtenthaler, A. R. Wellburn, "Determination of total carotenoids and chlorophylls a 

and b of leaf in different solvents", Biochemical Society Transactions. 11 (1985) 591-592. 

27. O. H. Lowry, N. J. Rosebrough, A. L. Farr, R. J. Randal, "Folin Cioalleu", Journal of  

Biochemistry.�193 (1951)265-267. 

28. S. Lutts, J. M. Kinet, J. Bouharmont, "NaCl-induced senescence in leaves of rice (Oryza 

sativa L.) cultivar differing in salinity resistance", Annual of Botany. 78 (1996) 389-398. 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

5-
16

 ]
 

                            16 / 18

https://ndea10.khu.ac.ir/jsci/article-1-1369-fa.html


	��	��������*�8�	h�8�r����3����=�%*/���8�	%�����E�N���.��F�/�;����������:�1	%����+�=��;H�������������������������������	)*���+��,�-.��

 

�[� 

29. S. Mishra, S. Srivastava. R. D. Tripathi, R. Govindarajan, S. V. Kuriakose, M. N. V. 

Parasad, "Phytochelatin synthesis and response of antioxidant during cadmium stress in 

Bacopamonnieri L. Plant Physiology", Biochemestry. 44 (2006a.) 25-37. 

30. S. Mishra, S. Srivastava, R. D. Tripathi, R. Kumar, C. S. Seth, D. K. Gupta, "Lead detoxify-

cation by coontail (Ceratophyllum demersum L.) involves induction of phytochelatins and 

antioxidant system in response to its accumulation", Chemosphere, 65 (2006b) 1027-1039. 

31.  M. S. Monteiro,  C. Santos, A. M. V. M. Soares, R. M. Mann, "Assessment of biomarkers 

of cadmium stress in lettuce", Ecotoxicology and Environmental safety, 72 (2009) 811-818. 

32. G. Ouzounidou, I. Ilias, H. Tranopoulou, S. Karataglis, "Amelioration of copper toxicity by 

iron on spinach physiology", Plant Nutrition, 21 (1998) 2089-2101.  

33. E. Patsikka, E-M. Aro, E. Tyystjarvi, "Mechanism of copper-enhanced photoinhibition in 

thylakoid membranes", Physiologia Plantarum, 113 (2001) 142-150. 

34. K. Radotic, T. Ducic, D. Mutavdzic, "Changes in peroxidase activity and isoenzymes in 

spruce needles after exposure to different concentrations of cadmium", Environtal and 

Experimental Botany, 44 (2000) 105-113. 

35. D. C. Salo, R. E. Pacifici, S. W. Lin, C. Giulivi, K. J. A. Davies, "Superoxide dismutase 

undergoes proteolysis and fragmentation following oxidative modi- fication and 

inactivation", Biology and Chemistry, 265 (1990) 11919-11925. 

36. L. Sanita di Toppi, R. Gabbrielli, "Response to cadmium in higher plants", Environmental 

and  Experimental Botany, 41 (1999) 105-130. 

37. A. Savoure, D. Thorin, M. Davey, X. Hau, S. Mauro, V. Montagu, D. Inze, M. Verbruggen, 

"NaCl and CuSO4 treatments trigger distinct oxidative defence mechanisms in Nicotiana 

plumbaginifoliaL. Plant Cell and Environment", 22 (1999) 387-396. 

38. W. R. Scheible, R. Morcuende, T. Czechowski, C. Fritz, D. Osuna, N. Palacios-Rojas, D. 

Schindelasch, O. Thimm, M. K. Udvardi, M. Stitt, "Genome-wide reprogramming of 

primary and secondary metabolism, protein synthesis, cellular growth processes, and the 

regulatory infrastructure of Arabidopsis in response to nitrogen", Plant Physiology, 136 

(2004)2483-2499. 

39. A. Stroinski, "Some physiological and biochemical aspects of plant resistance to cadmium 

effect", I. Antioxidative system, Acta Physiologia Plantarum, 21 (1999) 175-188. 

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

5-
16

 ]
 

                            17 / 18

https://ndea10.khu.ac.ir/jsci/article-1-1369-fa.html


	��	��������*�8�	h�8�r����3����=�%*/���8�	%�����E�N���.��F�/�;����������:�1	%����+�=��;H�������������������������������	)*���+��,�-.��

 

�[0 

40. M. Tiryakioglu, S. Eker, F. Ozkutlu, S. Husted, I. Cakmak, "Antioxidant defense system and 

cadmium uptake in barley genotypes differing in cadmium tolerance", Journal of Trace 

Element in Medicine and Biology, 20 (2006) 181-189. 

41. S.Verma, R. S. Dubey, "Lead toxicity induces lipid peroxidation and alters the activities of 

antioxidant enzymes in growing rice plants", Plant Science, 164 (2003) 645-655. 

42. A. Wahid, A. Ghani, I. Ali. M. Y. Ashraf, "Effects of cadmium on carbon and nitrogen 

assimilation in shoots of mung bean [Vigna radiata (L.) Wilczek] seedlings", Journal of 

Agronomy and. Crop Science, 193 (2007) 357–365. 

43. L. Wang, Q. Zhou, L. Ding, Y. Sun, "Effect of cadmium toxicity on nitrogen metabolism in 

leaves of Solanum nigrum L. as a newly found cadmium hyperaccumulator", Hazardous 

Materials, 154 (2008) 818-825. 

44. Z.- T. Xiong, L. Chao, G. Bing, "Phytotoxic effects of copper on nitrogen metabolism and 

plant growth in Brassica pekinensis Rupr", Ecotoxicology and Environmental Safety, 64 

(2006) 273-280. 

 

��
��

 [
 D

ow
nl

oa
de

d 
fr

om
 n

de
a1

0.
kh

u.
ac

.ir
 o

n 
20

26
-0

5-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            18 / 18

https://ndea10.khu.ac.ir/jsci/article-1-1369-fa.html
http://www.tcpdf.org

