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ABSTRACT 
Drought is one of the major factors limiting horticultural products and this is more important in arid and semi-arid regions. 
Due to the importance of nanotechnology in improving the methods available in horticulture, this experiment was 
performed on Rosa × damascena Mill as factorial experiment based on the completely randomized design with three 
replications at Faculty of Agriculture, Ferdowsi University of Mashhad, in the growing season of 2018. The treatments 
consisted of 2 irrigation regimes (3 days and 6 days) and 5 levels of titanium (0 (control), 15 and 30 ppm titanium dioxide, 
15 and 30 ppm nano-titanium dioxide). The results showed that with increasing the irrigation interval, decreased leaf area 
and flower diameter. Titanium was affected on flower diameter, peduncle diameter and length of peduncle at all levels. 
Number of flowers increased by 15 and 30 ppm titanium dioxide 40.8 and 54.9%, respectively, and with 15 and 30 ppm 
nano-titanium dioxide 84 and 69%. In treatment of 30 ppm nano-titanium dioxide and irrigation interval 3 days, the amount 
of proline was 0.20 and in the same treatment of titanium and irrigation interval 6 days, was equal to 0.50 µmol/g. In 
general, the use of titanium dioxide and nano titanium dioxide resulted in improved growth traits and flower diameter. Also, 
among the used levels, 15 ppm nano-titanium dioxide had a greater effect on flower diameter, flower number, relative water 
content, and spade. 
 
Keywords: Drought, number of flowers, proline, relative water content, spad. 
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Table 1. Some physical and chemical traits of the soil used in the experiment. 

pH EC 
(dS m-1) 

Total nitrogen 
(%) 

Phosphorus 
(mg/kg) 

Titanium 
(mg/kg) 

Available potassium 
(mg/kg) 

Soil Texture 

7.1 5.5 15 28 1.9 190 Loamy 
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Figure. 1 Image of nanosized TiO2 by STM 
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Figure. 2 Topographic image of nanosized TiO2 by STM 
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Table 2. Results of irrigation regimes and dioxide and nano titanium dioxide on some traits of Rosa damascene. 
Mean of squares   
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d.f. Source of variation 

112.13** 9.07** 128.96** 74.26** 2.241ns 1809580.8** 0.025ns 0.067ns 1 Irrigation regimes (A) 
87.38** 167.63ns 101.95** 101.95** 102.24ns 519124.67** 0.018ns 19.052ns 4 Nanosized and bulk titanium dioxide (B) 
2.38ns 5.38ns 5.87ns 5.87ns 13.06ns 38284.07ns 0.001ns 9.166ns 4 A× B 

2.43 9.97 8.52 8.52 62.18 71688.85 0.021 37.68 20 Error 

8.80 7.46 8.18 12.32 13.70 8.94 43.89 19.27  CV (%) 

**�  * �ns : 0%V��`, J�,", �<:+�$� �� bS�  '�	.]$1  �5  � 6F�� �(D-V��`, �<:+ �$�.  
**, *, ns: Significantly difference at 5 and 1% of probability level, and non-significantly difference, respectively. 
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 '�6=3. �U, y��.-T�A� "#$ ;-���$� 0  V�`F �W"% "% /(�-�.�, 6�Y�$  � (-�- � 6�Y�$  � �  ���%&  �E 45. 6	*+ 

Table 3. Results of irrigation regimes and dioxide and nano titanium dioxide on some traits of Rosa damascene. 
Mean of squares  

Total 
carbohydrates 

Proline 
Relative 

humidity 

content 

Spad index d.f. Source of variation 

0.111** 0.22** 956.54** 8.74ns 1 Irrigation regimes (A) 
0.073** 0.12** 407.83** 71.85** 4 Nanosized and bulk titanium dioxide (B) 
0.072** 0.13** 23.50ns 5.29ns 4 A× B 

0.013 0.025 34.10 9.92 20 Error 

8.54 9.45 9.75 8.30  CV (%) 

 � * �**ns :V��`, J�,", 0% �<:+�$� �� bS�  '�	.]$1  �5  �(D- � 6F��V��`, �<:+ .�$�  
**, *, ns: Significantly difference at 5 and 1% of probability level, and non-significantly difference, respectively. 

  

'�6=4. T�A� "#$ H�p-��+ 0Y��L+  6	*+ 45 ����	�
(��1 � a�A(�(1�(+ V�`F "% (-�- "�2 � (-�- /(�-�.�, 6�Y�$  � �  ���%&  �E.  
Table 4. Mean comparison effects of irrigation regimes and nanosized and bulk titanium dioxide on morphological 

and physiochemical traits of Rosa damascene. 
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0.461a 0.628a 54.26b - 15.800b - 33.63b 22.13b 2750.93b 6 
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) 0.357bc 0.486bc 56.60b 37.08b 16.667c 41.83b 34.05b 22.05b 2922.58b 15(bulk) 

0.374bc 0.509bc 60.23b 37.86b 18.333bc 40.86b 35.86b 23.86b 2989.16b 30(bulk) 
0.482ab 0.655ab 71.36a 42.76a 21.833a 50.76a 41.43a 29.43a 3405.66a 15 Nanosized 

0.536a 0.708a 62.53b 38.90b 20.000ab 41.90b 37.01b 25.01b 3077.00b 30 Nanosized 

0.13 0.19 7.03 3.79 1.87 3.80 3.51 3.51 322.5  LSD 

 C(.� "E ��H�p-��+   �Ea� 4c$6] �% "]e".I+ jbS� �� � '�	.]$  6F�� y<��<:+ V��`,   �$�6-�$6-.  
In each column means followed by at least a common letter, are not significantly at 5% probability level. 
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Figure 3. Mean comparison interaction effect of irrigation regimes and titanium dioxide and nano-titanium dioxide on 

proline leaf content of Rosa damascene. 
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Figure 4. Mean comparison interaction effect of irrigation regimes and titanium dioxide and nano-titanium dioxide on total 

carbohydrate leaf content of Rosa damascene. 

  

0:��S+ ��   $Zheng et al. )2005(�  0-$(= R�$1$

 T�-& >���:1 �4�1�")� 4�@I, �8��5 aIW C!� ��-!

%��� �� q�<`�$ �� $� .<�(.1 >7"� � (@Y, "#$���	  �%

 � 6�Y�$ 6-�(	- 86E�I+ (-�- /(�-�.�,.  V�:��S+Rasouli 

et al. )2018 ("#$ �$� C�I- C�U+��% 8��5 "% 4%�L.+ 

�(S� v).Z+ '()*+ 
��� (-�-8�h  � 6�Y�$  � /(�-�.�,

R<, T� �%& �� �<:+  �$��(%H�".I�% 0@��([ 0% . C$�+ 

H���"�  �%50  /11 6F�� R�$1$ �� 0Y��L+ �% 6E�
 �� 

8��5 86
 ��	�, �% R<, T� �%& 8$"	E �% '()*+ 
��� 

100 /"5 �)�+ ".�� "% (-�- 8�h  � 6�Y�$ /(�-�.�, 

86E�I+ 6
.  �% >�$ 86
 ^�$5 r(1 y��.- �% 9DS<+

'�	7$ R<, T� �%& �� 0% 8$"	E '()*+ 
�� V$�h (-�- �

 � 6�Y�$ /(�-�.�, "�#t, �I�$1$ C$�+ �� H���"�  0.
$�

) >�$Rasouli et al., 2018 V�:��S+ .(��  ��%(� 8��5

 � 8�h(-�- �"%��� �$� C�I- 6�Y�$  >M)2 �� /(�-�.�,

01/0  6
 '()*+  �E6<c R�$1$ 0% "U<+ 6F��

)Abdel latef et al., 2017wB�	.]$ >�$ 86
 ^�$5 .( 

(-�- 8�h /(<��.�, �% >1���� R�$1$ ��(- .<�(.1 � ��$��� 

C& $� R�$1$ 8�$� � 6��(, 4�Y-�.� V$�6�E(%"� 8��5 $� 

B�% ) �"% �+Rasouli et al., 2018.(  

"#�$� ��% ����  

 !$  ���%& ��� R�$1$3  0% !��6  aIW C!�  �� !��

>
$6- "#$ 8��5 4��  �G"% bS� RE�� 0% "U<+ ���

  $(.*+ R�$1$ � G"% O& �DY-  $(.*+ �45 �$6:,

 �"%��� 0� >�$ ���] �� H�$ .6
 V$�6�E(%"� � H���"�

 � 6�Y�$  � (-�- � /(�-�.�, 6�Y�$  0% "U<+ /(�-�.�,

 R<, X�$"
 �� 4� V$�6�E(%"� � H���"� �$6L+ R�$1$

 � .6
 6�Y�$ /"1 �� "E �� /(�-�.�,  � (-�-) 86
 8��`.�$

 C6
 ", >
�� �� ((-�- "�28!$6-$  V�`F R�$1$ � 45

 '��:.+ R�$1$ 6<u"E �>
$� "#$  6	*+ 45 �I���

 B�% � j"[ a� !$ (4� aIW C!� R�$1$) �I��� 6
�

 kW�
) .<�(.1 ��$��� � 45 4�@I, 6F�� H.1�

4�1�")� -   ��]  �E��	�, 0	E �� "p�� j"[ !$ (6i�$

�.�, � (-�- ��	�, �� �6
 86E�I+ /(�- 6�Y�$  0% /(�-�.�,

 bS� �� �(fW15 �� ��  .6
 86E�I+  ".N% y��.- /$  

  

���=>*�?*  

 � �-�D2�% /()7 �ffZ, V�+6W 8s�� 6]$� !$

>%�% 6NI+ ����"1 8�pI-$� D�  ��1 ��6<N+ 

 H�+t,0<�E �+ �-$��6c RE�s� H�$  �E .��"5  

  
REFERENCES 

1. Abdel Latef, A. A., Alhmad, M. F. A. & Abdel fattah K. E. (2017). The possible roles of priming 

with ZnO nanoparticles in mitigation of salinity stress in lupine (Lupinus termis) Plants. Journal of 

Plant Growth Regulation, 36, 60-70. 

2. Alcaraz, C., Botia, M., Carlos, F. & Fernando, R. (2004). Effect of foliar sprays containing calcium, 

magnesium and titanium on peach (Prunus persica L.) fruit quality. Journal of the Science of Food 

and Agriculture, 84 (9), 949-954. 

3. Arazmjo, A., Heidari, M.s & Ghanbari, A. (2010). Effect of water stress and type of fertilizer on yield 

and quality of chamomile (Matricaria chamomilla L.). Iranian Journal of Crop Sciences, 12(2), 100-

111. (In Farsi). 

abc

abc
bc

ab
c

a

a
ab

bc abc

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Control 15 30 15N 30N

to
ta

l 
c
a

r
b

o
h

y
d

r
a

te
 

(m
g

/g
)

TiO2 (ppm)

Irrigation every 3 days Irrigation every 6 days

Archive of SID.ir

Archive of SID.ir



   /()7�-�D2�% C$"�$��� �� 52��	
 �� 3 ����� 1400  709 

 
4. Aziz, E. A., Hendawi, S. T., Azza, E. E. D. & Omer, E. A. (2008). Effect of soil type and irrigation 

intervals on plant growth, essential oil and constituents of Thymus vulgaris plant. American- 
Eurasian Journal Agriculture and Enviromental Sciences, 4(4), 443-450. 

5. Bates, L. S., Waldran, R. P. & Teare, I. D. (1973). Rapid determination of free proline for water 
studies. Plant Soil, 39, 205-208. 

6. Blum, A. & Ebercon, A. (1981). Cell membrane stability as a measure of ought and heat tolerance in 
wheat. Crop Science, 21, 43-47. 

7. Carvajal, M. & Alcaraz, C. F. (1998). Why titanium is a beneficial element for plants. Journal of 
Plant Nutrition, 21(4), 655-664. 

8. Carvajal, M., Martínez-Sánchez, F. & Alcaraz, C. F. (1994). Effect of Ti (IV) on some physiological 
activity indicators of Capsicum annuum L. plants. Horticulture Science, 69, 427-432. 

9. Chao, S. H. L. & Choi, H. S. (2005). Method for providing enhanced photosynthesis. (pp10) Korea 
Research Institute of Chemical Technology, Korea. 

10. Chylinski, K. W., Lukaszewska, A. & Kutnik, K. (2007). Drought response of two bedding plants. 
Acta Physiology Plant, 29, 399-406. 

11. Cramer, G. R., Lauchl, J., Lauchl, A. & Epstein, E. (1987). Influx of Na, K and Ca into roots of salt 
stressed cotton seedlings: Effects of supplemental Ca. Plant Physiology, 83, 510-516. 

12. Ghahraman, A. (1996). Iranian Cormophytes (systematic herbal), Academic Publishing Center, 
Tehran. (In Farsi). 

13. Haghighi, M. & Daneshmand, B. (2012). Comparison of titanium and titanium nanoparticles on 
growth and photosynthesis of tomato in hydroponic system. Science and Technology of Greenhouse 
Cultures, 4(13), 73-79. (In Farsi). 

14. Hassani, A. (2006). Effect of water deficit stress on growth, yield and essential oil content of 
Dracocephalum moldavica. Iranian Journal of Medicinal and Aromatic Plants, 22(3), 256-261. (In Farsi). 

15. Kamali, M., Shoor, M. & Feizi, H. (2018). Impacts of nanosized and bulk titanium dioxide on 
flowering and morpho-physiological traits of petunia (Petunia hybrid) in salinity stress. Journal of 
Horticultural Science, 3(2), 199-212. (In Farsi). 

16. Khorasani nejad, S., Soltanloo, H., Ramezan pour, S., Hadian, J. & Atashi, S. (2015). Effect of 
drought stress on some morphological characteristics, quantity and essence quality of Lavender. 
Journal of Crop Improvement, 17 (4), 979-988. (In Farsi). 

17. Khote, L. R., Sankaran, S., Maja, J., Ehsani, R. & Schuster, E. W. (2012). Applications of 
nanomaterials in agricultural production and crop protection: Crop Protection, 35, 64-70. 

18. Konishi, K. & Tsuge, T. (1936). Inorganic constituents of green-manure cops. Journal Agricultural 
Chemistry Society, 12, 916-930. 

19. Maggio, A., Miyazaki, S., Veronese, P., Fujita, T., Ibeas, J. I., Damsz, B., Narasimhan, M. L., 
Hasegawa, P. M., Joly, R. J. & Bressan, R.A. (2002). Does proline accumulation play an active role 
in stress-induced growth reduction? Plant Journal, 31(6), 699-712. 

20. Mahajan, S. & Tuteja, N. (2005). Cold, salinity and drought stresses. Biochemistry and Biophysics 
Journal, 444, 139-158. 

21. Martinez-Sanchez, F., Nunez, M., Amoros, A., Gimenez, J. L. & Alcaraz, C. F. (1993). Effect of 
titanium leaf spray treatments on ascorbic acid levels of Capsicum annuum L. fruits. Journal Plant 
Nutrition, 16(5), 975-981. 

22. Mozaffarian, V. (2005). The trees and shrubs of Iran, Contemporary Culture Publishing House. (In Farsi). 
23. Nair, R. S., Varghese, H., Nair, B. G., Maekawa, T., Yoshida, Y. & Sakthi Kumar, D. (2010). 

Nanoparticulate material delivery to plants. Plant Science, 179, 154-163. 
24. Noori, K., Omidi, H., Naghdi badi, H., Torabi, V. & Ftukoan, H. (2012). Effect of water and soil 

salinity on flower yield, soluble compounds, content of salinity and essential oil content of Shirazi 
chamomile. Journal of Water Research in Agriculture, 26 (4), 367-378. (In Farsi). 

25. Omae, H., Kumar, A., Kashiviba, K. & Shono, M. (2007). Assessing drought tolerance of snap bean 
(Phaseolus vulgaris) from genotypic differences in leaf water relations, shoot growth and 
photosynthetic parameters. Plant Production Science, 10(1), 28-35. 

26. Oneill, P. M., Shanahan, J. F. & Schepers, J. S. (2006). Use chlorophyll florescence assessments to 
differentiate corn hybrid respond to variable water conditions. Crop Science, 46, 681-687 

27. Owolade, O. F., Ogunleti, D. O. & Adenekan, M. O. (2008). Titanium dioxide affects diseases, 
development and yield of edible cowpea. Journal of Agricultural and Food Chemistry, 7(5), 2942-2947. 

28. Ram, N., Verloo, M. & Cottenie, A. (1983). Response of bean (Phaseolus vulgaris) to foliar spray of 
titanium. Journal of Plant and Soil, 73, 285-290. 

29. Rasouli, F., Abedini, F. & Zahedi, S. M. (2018). The effect of titanium nano dioxide on physiological 
particular and chlorophyll fluorescence parameters in eggplant (Solanum melongena L.) under water 
deficit stress. Journal of Vegetables Sciences, 2(4), 37-51. (In Farsi). 

Archive of SID.ir

Archive of SID.ir



710  ���  :���	� �  !��"#$ ��� %&���  � '()*+ 
��� ,�-�.�/( 0% �� /"1 (-�- � 2�" (-�- "% ... 

 
30. Sadasivam, S. & Manickam, A. (1992). Biochemical Methods for Agricultural Sciences. Wiley 

Eastern Ltd., New Delhi, India. 

31. Tabaei Aghdaeil, S. R. & Babae, M. (2001). Study of genotypic differences for drought responses at 

early growth stages in Rosa damascena Mill. Iranian Journal of Rangelands and Forests Pant 

Breeding and Genetic Research, 8(1), 113-125. (In Farsi). 

32. Wang, F., Zeng, B., Sun, Z. & Zhu, C. (2009). Relationship between proline and Hg
+2

-induced oxidative 

stress in tolerant rice mutant. Environmental Contamination and Toxicology, 56 (4), 723-731. 

33. Yang, F. & Hong, S. (2006). Influence of nano anatase TiO2 on the nitrogen metabolism of growing 

spinach. Biological Trace Element Research Journal, 110, 179-190. 

34. Yang, F., Liu, C., Gao, F., Su, M., Wu, X., Zheng, L., Hong, F. & Yang, P. (2007). The improvement 

of spinach growth by nano-anatase TiO2 treatment is related to nitrogen photoreduction. Biological 

Trace Element Research Journal, 119, 77-88. 

35. Zheng, L., Hong, F., Lu, S. & Liu, C. (2005). Effect of nano-TiO2 on strength of naturally aged seeds 

and growth of Spinach. Biological Trace Element Research Journal, 105, 83-91. 

  

  

  

  

  

  

 

 
  

Archive of SID.ir

Archive of SID.ir


