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2. Electrolyte leakage percentage 
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ICPÄ¿Â¼¿�Ä¼Å�Äf^·Y�Ä¯�|��Ã{Z¨f�Y��Ä]�ªË��e��Y�¶^«�ZÅ
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1. Dry ashing 
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ºÌ�Ì¸Ì�Ä»� c�Â�� Ä]�Ä¼¸«� ÉÁ�� ½Z�§Y���� ÉZÅ
�Gillman & Zlesak, 2000� ���{� Ã{Z¨f�Y� c�Â�� Ä]� Á

� ���¶³� {�Â»� �{�ÊËY~£�µÂ¸v»�Hwang et al., 2005��
d�Y�Ã|����Y�³�� Morgan et al.��1999��Ã{�¯�½ZÌ]�|¿Y

Ã�YÂË{��{��¼ne�Z]�Ä¯,Ê·Â¸��ÉZÅ�ºÌ�Ì¸Ì��{ZnËY�\^��
�[~m��ËY�§Y� ÄnÌf¿� �{� Á� ½ZÅZÌ³� �{�Ê³{Zf�ËY�d·Zu

Ê»� �fÀ�Âf§� ÊËY�Z¯� Á� �Â¿{Â�� ���ËY�§Y� \^�� �»Y� ¾ËY
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d�Y��Ä¯�Ê»Y|¿Y�,¾¼���{�dve��º«��Á�Äf§�³��Y�«��ÌiZe

d�Y�cÁZ¨f»�¾¸ÌeY��ÌiZe�½Y�Ì»��]��Ì¿�ÊÅZÌ³���ÃZeÂ¯�¹Z«�Y
Ã{Y{�½Z�¿��¼��Ê·Zu��{�|À�Z�u�Ê¸Ìy�¾¸ÌeY�Ä]�Ä¯�|¿Y

¾¸ÌeY� �]Y�]� �{�Ê´¼Å� 0Z^Ë�¬e� �¼��|À¸]� ¹Z«�Y�Ä¯�d»ÁZ¬»�
Ê»� ½Z�¿� |ÀÅ{�Leonard et al., 2005� ��� º«�� ¾ËY��Ì¿

Ê»���¿�Ä]�Á�Ã|��[Â�v»��¼��|À¸]�¹Z«�Y�Á�m�Ä¯�|��
��Y�«�|Ì·Âe�º¯��ZÌ�]�Äf�{��{��Ì¿�¾¸ÌeY�|Ì·Âe�ÄÀÌ»���{

Ê»{�Ì³���¶j»�Ê¨¸fz»�cZ^Ì¯�e�,É�Â���Àe��ËY����{

É{�½Â·Z»µZ°Ë{Y��Á�|ËZÅ|·MÊ»�|Ì·Âe�{Y�M�ÉZÅ¯�|¿Â��Ä
}Â¨¿��]|¿�iÂ»�Ê·Â¸��ÉZ�£�É�Ë~a�Shakirova, 2007; 

Fadzilla et al., 1997��  
Ê»�cZ^Ì¯�e�¾ËY�d·Zu�¾ËY� �{���ËY�§Y�h�Z]�|À¿YÂe

Ã�Y|¿Y�ªË����Y�Ä¯�|¿Â��Ê·Â¸��ÉZ�£�É�Ë~a}Â¨¿�É�Ì³
Ê»�Ê���]�¶]Z«�Ê¿ÂË�d�¿�|��{|�Z]���Ã�Z¼��µÁ|m��{

�d�¿�|��{�,�{�]�Z¯�Z]�Ê¿ÂËºÌ�Ì¸Ì�Z¯��Ä¯�Äf§ZË��Å
¬Ì¬ve� lËZf¿� Z]� Ä¸�Zu� lËZf¿cZ�Liang et al.�(1996)�

{�Y{�d¬]Z�»� Á�Ê¿YÂz¼Å� �Ã|�� �¯}�¶ËÓ{� Ä]ZÀ],��Z¼Ìe�
���Ê¸Ì»��fÌ·��{�¹�³ºÌ�Ì¸Ì��¶Ì·{�Ä]�É�Â��ÃY�¼Å�Ä]�

� ½|�� Ã�Ë�¼Ì¸aºÌ�Ì¸Ì���f�]� ZË� ÊËY~£� µÂ¸v»� �{�
�d�¿�¶»Z���]�Y���Àe�¾ËY�Ê¨À»�cY�iY�Äf�¿YÂf¿�,d�Z¯

ÂË|À¯�d�§Zv»�µÂ¸��ÉZ�£�É�Y|ËZa�Á�Ê¿� ��\·Zm�Äf°¿
ÉZÅ�Z¼Ìe��{�¶³�É�Z^¿Y��¼��Ä°ÀËY���Á����Ê¸Ì»��¹�³
Ê»�½Z�¿�Ä¯�Äf§ZË��ËY�§Y��fÌ·� �{�|Å{ºÌ�Ì¸Ì��\^��

µÂ¸�� É�Y|ËZa� �ËY�§Y� Ê¨À»� cY�iY� �]Y�]� �{� ZÅ�|Ë�¸¯
ºË|�d�Y� Ã|��� �,|�� ½ZÌ]� Ä¯� Ä¿Â´¿Z¼Å� ,¾¼�� �{�

ºÌ�Ì¸Ì�ÂË{� �{� �¼ne� Z]��ÉZÅ� �z]� Á� Ê·Â¸�� Ã�Y
Ê»�ÃZÌ³�Êm�Zy�Á�Ã|��|Ë|��©� e�Á��Ìz^e��¿Z»�|¿YÂe

Ä¿�Á�� dÌ·Z §Ê»� µ�fÀ¯� �fÆ]� �Ì¿� ZÅ�¾ËY� Ä¼Å� Á� ,{Â�
Ê»� {�YÂ»ÄyZ��¶³� �¼��µÂ���ËY�§Y�\^��|¿YÂe�Ã|Ë�]

{Â��d�Y{�]��Y��a�  
�É�Â�� c�Z�y� �ÅZ¯� {�Â»� �{� É{ZË�� cZ¬Ì¬ve

��Y�Ê�Z¿ºË|��|Ë�¸¯�ÄË~¤e�Z]�Ì�Ì¸Ì�º�d�Y�Ã|��ÄËY�Y�
�¾ÌÀq��{�ºË|��[~m��ÅZ¯�Ä¸X�»�Ä]�Ê´¼Å� 0Z^Ë�¬e�Á

Ã{�¯�Ã�Z�Y�Ê�ËY���|¿Y�;Savvas et al., 2007, 2009, 

Liang, 1999; Zhu et al., 2004����½{Á�§YºÌ�Ì¸Ì��Ä]�
�µZ¬f¿Y��ÅZ¯�\^�����ÉZÅ�¶³�ÊËY~£�µÂ¸v»Na�Á�Cl�

�É{ZË�� |u� �{� ZÆ¿M� �Y|¬»� �Y� Á� Ã|�� ½YÂm� ÉZÆ³�]� Ä]
�d�Z¯�Savvas et al., 2007��  

� É�´Ë{� ªÌ¬ve� �{�Savvas et al., 2009��lËZf¿� ,
¯� ÃZÌ³� ÉÁ�� ÊÆ]Z�»||�� ¶�Zu� Êf��Ây� ÉÁ� ��lËZf¿

Ê»�½Z�¿�d¬]Z�»�cZ¬Ì¬ve�¾ËY�lËZf¿�Z]�Z»�cZ¬Ì¬ve|Å{�
�Liang��1999�� ¾Ì]� ¶]Z¬f»� Ê·Z¼fuY� �iY� ,ºÌ�Ì¸Ì��Á�

ºË|�� |Ë�¸¯� �{� Y��� ½Y�Ì»¿� Á� Äf�¿Y{� ºË|�� [~m��Ì
ºË�¿M��Y�Êy�]�cÁZ¨f»�dÌ·Z §��Àe�Z]�Ä¸]Z¬»�{�Â»��{�ZÅ

� �Â�u� �{� É�Â�ºÌ�Ì¸Ì��½M� �]� �iÂ»� ¶»YÂ�� �Y� Y��
d�Y� Ã{�¼��]� �� ªÌ¬ve� ¾Ì¼Å� �{(Liang, 1999)�,



���  �����������Ä¸n»�Ê¿Z^£Z]�¹Â¸�ËY�½Y��Ã�Á{���Ã�Z¼��,��,���� 

�ÃY�¼Å�Ä]�É�Â���Àe��ËY��� �{�ºÌ�Zfa�[~m��ËY�§Y
ºÌ�Ì¸Ì����Y�³� ZÆÀe�É�Â��Z]�Ä�ËZ¬»��{�Âm�ÃZÌ³��{�
d�Y�Ã|����½{Á�§Y�Z]Ì�ºÌ�Ì¸�¹�§�Ä]�ÊËY~£�µÂ¸v»�Ä]�

�,ºÌ�Zfa� ¶j»� É��ZÀ�� [~m� ½Y�Ì»� ,ºÌ�Zfa� cZ°Ì¸Ì�
Ê»��ËY�§Y�½�Á�fÌ¿�Á��¨�§|]ZË�Wang et al., 2001��  

ÄnÌf¿Ê¸¯�É�Ì³ 

��iY�Ä¯�{Y{�½Z�¿�ÊËY~£�µÂ¸v»��{�ºÌ�Ì¸Ì���Y�Ã{Z¨f�Y
¶³� dÌ¨Ì¯� Á� |��� �]� É|À»{Â���ËY��� dve� ��� ÉZÅ

d�Y{� d�°]M� �¾ÌÀr¼Å{Z¨f�Y�ºÌ�Ì¸Ì�� �Y� Ã�\^��
|���ËY���¾ËY��{��eÓZ]�{�°¸¼��Á��fÆ]�dÌ¨Ì¯�µÂ�u,�

�d�¸£�Á{��Y�Ä¯�Ê»Z´ÀÅ� 0Z�Â�y���Á�����¹Y�Êa�Êa�
{Â]�Ã|��Ã{Z¨f�Y�  

�¾ËY�lËZf¿�ªÌ¬ve��{Z«�ºÌ�Ì¸Ì��Ä¯�{Y{�½Z�¿�¾ÌÀr¼Å�
�É�ÅZ��dÌ¨Ì¯�d�Y�¶³�É�Ë~a}Â¨¿��¨u�ªË��� �Y� Y�

� LÂ���iY� Á�|�z]�{Â^Æ]�Ê·Â¸��ÉZÅZ�£�Y��É�Â���Àe
|¿Z��]� ¶«Y|u� Ä]� º«�� ¾ËY� �{�Ì¸Ì�� �Y� Ã{Z¨f�Y�/�cZ°

Ì�Zfa/]�ÓZ]�d�¸£��{�º//�¿�Ä/Ê»����]��ÌiZe�Z]�Ä¯�|��
pH��Y�Ê�Z¿�ÉZÆ]Â���¶Ì°�e�¾ÌÀr¼Å�Á�ÊËY~£�µÂ¸v»�

µÂ¸v»� �{� ½|�� Ã�Ë�¼Ì¸a�{ZnËY� \^�� ,ÊËY~£� ÉZÅ
� |��� |ÀËY�§� �{� ÊeÔ°�»� Â¼¿� Á�Ä]� ½|Ì��� 0ZfËZÆ¿� Á

�dÌ¨Ì¯¿Z�\�ZÀ»�{¶³�d�Y�Ã|��ZÅ��� ,¾¼���{���¿�Ä]
Ê»�\^�� �Àe� �ËY��� �{� ºÌ�Ì¸Ì�� �Â�u� Ä¯� |��

�Ã|�� ZÆ¿M�[~m� �{�µ{Z e� {ZnËY� Á� ��ZÀ��[~m�ºÌ�Àe
d�Y�  

REFERENCES 
1. Arnon, D. (1949). Copper enzymes in isolated chloroplasts. Phenoloxidase in Beta vulgaris, Plant 

Physiology, 24, 1-15. 
2. Belanger, R.R., Bowen, P. A., Ehret, D. L., & Menzies, G. (1995). Soluble silicon: its role in crop and 

disease management of greenhouse crops. Plant Disease, 79, 329-336. 
3. Bugbee, B. (2004). Nutrient management in recirculating hydroponic culture. Acta Horticulturae. 648, 

99-112. 
4. Cramer, G.R., Lauchli, A., & Epstein, E. (1986). Effects of NaCl & CaCl2 on ion activities in complex 

nutrient solutions and root growth of Cotton.Plant Physiology, 81, 792-797. 
5. Emadian, S.F. & Newton, R. J. (1989). Growth enhancement of Loblolly pine (Pinus taeda L.) seedlings 

by silicon. Journal of Plant Physiology, 13, 98-103 
6. Epstein, E. (1994). The anomaly of silicon in plant biology. Proceedings of the National Academy of 

Science, 91, 11�17. 
7. Datnoff, L.E., Snyder, G. H., & Korndörfer, G. H. (2001). Silicon in Agriculture. Elsevier Science, 

Amsterdam. 
8. Fadzilla, N.M., Finch, R. P. & Burdon, R. H. (1997). Salinity, oxidative stress andantioxidant responses 

in shoot cultures of rice. Journal of Experimental Botany, 48, 325�331. 
9. Gillman, J. H. & Zlesak, D. C.. (2000). Mist applications of sodium silicate to rose (Rosa L. 'Nearly 

Wild') cuttings decrease leaflet drop and increase rooting. Horticultural Science, 117, 500-503. 
10. Gong, H. J., Randall, D. P., & Flowers, J. (2006). Silicon deposition in the root reduces sodium uptake in 

rice (Oryza sativa L.) seedlings by reducing by pass flow. Plant and Cell Environment, 29, 1970�1979. 
11. Hwang, S.J., Park, H. M., & Jeong, B. R. (2005). Effects of Potassium silicate on the growth of 

miniature rose �Pinocchio� grown on rockwool and its cut flower quality. Journal of Japanese Society of 
Horticultural Science, 74, 242-247. 

12. Hwang, S.J., Hamayun, M. Kim, H.Y., Na, C.I., Kim, K.U., Shin, D.H., Kim, S.Y., & Lee, I.J. (2008). 
Effect of nitrogen and silicon nutrition on bioactive gibberellin and growth of rice under field conditions. 
Journal of Crop Science and Biotechemistry, 10, 281-286. 

13. Iler, R.K. (1979). The Chemistry of Silica. Wiley Interscience. New York. 
14. Jeschke, W.D. & Wolf, O. (1988). Effect of NaCl on growth development, ion distribution and ion 

translocation in castor bean (Ricinus communisL.). Plant Physiology, 132, 45-52. 
15. Jones, J. B. J. (2001). Laboratory guide for conducting soil tests and plant analysis. CRC Press, New 

York. 
16. Leonard, R.T., Nell, T. A., & Hoyer, L. (2005). Response of potted rose varieties to short-term ethylene 

exposure. VIII International Symposium on Postharvest Physiology of Ornamental Plants. Acta 
Horticulturae, 669, 373-380. 

17. Liang, Y.C., Liu, Q., Zhang, Q., Ding, W. (2003). Exogenous silicon (Si) increases antioxidant enzyme 
activity and reduces lipid peroxidation in roots of saltstressed barley (Hordeum vulgare L.). Journal of 
Plant Physiology, 160, 1157-1164. 

18. Liang Y. C., Wanchun, S., Yong-Guan, Z. & Peter, Ch. (2007). Mechanisms of silicon-mediated 
alleviation of abiotic stresses in higher plants: A review.Environmental Pollution, 147, 422-428. 



  É�Ë�½Y�Z°¼Å�Á������Ê¨Ì¯�Á�Ê¼¯�cZ¨���]�d�°]M��Ìv»��{�ºÌ�Ì¸Ì���iY���  ��� 

19. Liang, Y.C., Shen, Q. R., Shen, Z. G., & Ma, T. S. (1996). Effects of silicon on salinity tolerance of two 
barley cultivars. Journal of Plant Nutrition, 19, 173-183. 

20. Liang, Y.C. (1998). Effects of Si on leaf ultrastructure, chlorophyll content and photosynthetic activity in 
barley under salt stress. Pedosphere, 8, 289-296. 

21. Liang, Y. C. (1999). Effects of silicon on enzyme activity and sodium, potassium and calcium 
concentration in barley under salt stress. Plant and Soil, 209, 217-224. 

22. Lorenzo, H., Cid, M. C., Siverio, J. M., & Ruano, M. C. (2000). Effects of sodium on mineral nutrition 
in rose plants. Annual Applied Biology, 137, 65-72. 

23. Lutts, S., Kinet, J. M., & Bouharmont, J. (1996). NaCl-induced senescence in leaves of rice (Oryzasativa 
L.) cultivar differing in salinity resistance. Annal of Botany, 78, 389�398. 

24. Ma, J. F. & Takahashi, E. (1990a). Effect of silicon on the growth and phosphorus uptake of rice. Plant 
and Soil, 126, 115-119. 

25. Marcelis, L.F.M. & Hooijdonk, J. V. (1999). Effect of salinity on growth, water use and nutrient use in 
radish (Raphanus sativus L.). Plant and Soil, 215, 57-64. 

26. Marschner, H. (1995). Mineral Nutrition of Higher Plants. Academic Press. London. Second edition. pp. 
674. 

27. Matoh, T., Kairusmee, P. & Takahashi, E. (1986). Salt-induced damage to rice plants and alleviation 
effect of silicate. Soil Science and Plant Nutrition, 32, 295-304. 

28. Mercurio, G. (2007). Cut Rose Cultivation Around the World. The Netherlands. 
29. Momeni, A. (2010). The geographical distribution and salinity levels in Iran. Iranian Journal of Soil 

Research, 24 (3), 203-215. (In Farsi) 
30. Morgan, L. (1999). Silica in hydroponics. Practical Hydroponics and Greenhouses. July/August, 51-66. 
31. Muhammad, S., Akbar, M. & Neve, H. U. (1987). Effects of Na/Ca and Na/K ratios in salinc culture 

solution on the growth and mineral nutrient of rice (Oryza sativa L.). Plant and Soil, 104, 57-62. 
32. Muller, R., Andersen, A. S., Serek, M. (1998). Differences in postharvest characteristics of miniature 

potted roses (Rosa hybrida L.). Scientia Horticulturae, 76, 59-71. 
33. Pessarakli, M. (1999). Handbook of Plant and Crop Stress. Marcel Dekker, Inc. USA, pp. 1198. 
34. Plaut, Z. & Grieve, C. M. (1988). Photosynthesis of salt stressed maize as influenced by Ca/Na ratios in 

the nutrient solution. Plant and Soil, 105, 283-286. 
35. Reid, M.S., Dodge, L. L., Mor, Y. & Evans, R. Y. (1989a). Effects of ethylene on rose opening. Acta 

Horticulturae, 261, 215-220.  
36. Reid, M.S., Evans, R. Y., Dodge, L. L. & Mor, Y.(1989b). Ethylene and silver thiosulfate influence 

opening of cut rose flowers. Journal of American Socience  of  Horticulture, 114(3), 436-440. 
37. Romero-Aranda, M.R., Jurado, O. & Cuartero, J. (2006). Silicon alleviates the deleterious salt effect on 

tomato plant growth by improving plant water status. Journal of Plant Physiology, 163, 847-855. 
38. Rozema, J. (1991). Growth, water and ion relationships of halophytic monocotyledonae and 

dicotyledonae; a unified concept. Aquatic Botany, 39, 17-33. 
39. Savvas, D., Giotis, D., Chatzieustratiou, E., Bakea, M., & Patakioutas, G. (2009). Silicon supply in 

soilless cultivations of zucchini alleviates stress induced by salinity and powdery mildew infections. 
Environ, Experimental Botany, 65, 11-17. 

40. Savvas, D., Gizas, G., Karras, G., Lydakis-Simantiris, N., Salahas, G., Papadimitriou, M. & Tsouka, N. 
(2007). Interactions between silicon and NaCl-salinity in a soilless culture of roses in greenhouse. 
EuropianJournal of Horticultural Science, 72, 73-79. 

41. Shakirova, F. M. (2007). Role of hormonal system in the manifestation ofgrowth promoting and 
antistress action of salicylic acid. In: Hayat S., Ahmad  A.,  Salicylic Acid� A Plant Hormone, Springer, 
pp. 69-89. 

42. Szabolcs, I. (1992). Salinization of soil and water, its relation to desertification. Desertification 
Contribute Bulletin, 21, 32-37. 

43. Takahashi, E., Ma, J. F. & Miyake, Y. (1990). The possibility of silicon as an essential element for 
higher plants. Comments in Agriculture and Food Chemistry, 2, 99�122. 

44. Voogt, W. & Sonneveld, C. (2001). Silicon in horticultural crops grown in soilless culture. In: Datnoff 
L.E., Snyder, G. H. & Korndorfer, G. H.(Eds.): Silicon in Agriculture. Elsevier, Amsterdam, pp. 115-
131. 

45. Wang, H., Li, C. H., & Liang, Y. (2001). Agricultural utilization of silicon in China. In Datnoff L.E., 
Snyder G.H. & Korndörfer, G.H., (Eds.), Silicon in Agriculture. Elsevier, Amsterdam, pp. 343-358. 

46. Wang, L., Showalter,A. M. & Ungar, I. A. (1997). Effect of salinity on growth, ion content, and cell wall 
chemistry in Atriplex prostrata (Chenopodiaceae). American Journal of Botany, 84, 1247-1255. 

47. Zhu, Z., Wei, G., LI, J., Qian, Q. & YU, J. (2004). Silicon alleviates salt stress and increases antioxidant 
enzymes activity in leaves of salt-stressed cucumber (Cucumis sativus L.). Plant Science, 167, 527-533. 


