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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. 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



702  ���  :���	� �  !��"#$ ��� %&���  � '()*+ 
��� ,�-�.�/( 0% �� /"1 (-�- � 2�" (-�- "% ... 

 
  

  

�� 9�  

45  6	*+ �% /�- �	)7 Rosa damascena Mill !$ 

"�,8 Rosaceae � 9):.+ 0% ;<= Rosa >�$ .45 

 $�$�  6	*+ ?(<, �@�.-A ��B�% �� 8�(% C$"�$ � !$ 

0D<=  �E ��.<�! ����$� � �,$���F  $�$� >�	E$ 

�+ 6
�% )Mozaffarian, 2005.( C$"�$ �@� !$ 

G�
% H�",  �E�(I� 86<<�6��(, 45  6	*+ 0% ��	
 

�+ 6�& .45 + 6	* �� J)2$ K�L- C$"�$ 86�� �+ ��(
 

H@��� 0% �(M<+ 0�N, O�5 �� >:�� ���! !$ P�%  �E 

�C�
�� �C�+"� Q��1 � 
�"D, >I� �+ �(
 

)Ghahraman, 1996.(   

R<,  �E C(5�-(5 �S�*+ !$ TN+ H�", 4)7 ��U�$ 

V�@I+ �6:.+ �� V$6��(,  !���I� �+ 6<
�% � 

R<, �@IW �@� !$ H�$ R<, �E >�$ )Noori et al., 

2012.( V�L�L*, "%  �� >I� C�E��5 ����$� �� 

 $�$� X�$"
 R<, "�M- �@IW ���Y% ��6*+ >�$ .

�% 0=(, 0@<�$ 0% RZ% 86	7  $ !$ �(I� C$"�$ $� 

9[�<+ �% �+ 4�@I, �%& \%�<+ >���6*+  >�	E$ 6E�

 H�$ �� 9�L*,�+ Q�Y]$ ".I�% 0<�+!  �(


)Khorasani nejad et al., 2015 >�$ 86
 ^�$
5 .(

 JD� �@IW R<,  6	*+ 45 ����$� 8��5 ��

�+ G"% >]�Y+ � 0_5"% �$6:, ��%$��
 RE��  �(


)Tabaei Aghdaei & Babae, 2001 >*, HI��& �� .(

 8��� ��  ���%& � �@IW R<,10  C!� �?�`,�$ �8!��

��5 ", � aIW8��� �% 0Y��L+ �� 8   ���%& ".	�  

) >
$� RE��Aziz et al., 2008 bS� R�$
1$ �% .(

 0W�
 '([ � �$6:, �0c�� "Sc �0,(% ?�`,�$ ��@IW

 8��5 ;-��$ �"@)	7 � �I��� 8"@�� �"@)	7 ��D-�=

) >1�� RE�� (D
���% ����$�Hassani, 2006�% .( 

>��<7 0% >:�� �d$�$ >*, R<, �@IW �� C$"�$ � 

�% �� "M- H.1"5 6-�� �� 0% 6
� >�:	= C�N= 8$"	E 

�% RE�� � J�"Z, \%�<+ O& �e�W� 9�L*, �� 

�(fW R�$
1$ >+��L+ C�E��5 0% X�$"
 67�Y+�- 

�S�*+  $�$� >�	E$ >�$.   

���� �1"[ !$ T)7  A(�(<@,(-�- 0% 0F"7 

 !���I� �� bS� �C�N= 86�6�  $ �(Ng(- >�$ .T)7 

(-�- "U<+ 0% 0:�(, � �(DN%  �E�"%��� C$!�$ 

 A(�(<@,(-�-  $"% �"DI�� 6
� C�E��5 86
 >�$ .!$ 

(-�- V$�h � (-�- '(Yi� �E �+ C$(, 0% C$(<7  �$
%$ 

6�`+  $"% \�!(, R@.1& �E � �E�(� �� 4@
 

'".<� 86
 �% C�@+ j6E kZI+ 0% �(M<+ RE�� 

V��YW  �E >Y�! �S�*+ 8��`.�$ �"� )Nair et al., 

2010.( /(�-�.�, H�	E� "f<7 '(	:+ �� 0.�(� H�+! 

.>�$ �+$ Ol= C& !$ X�*+ X�(, C�E��5 0% �.Z� 

V�(F �+ �"�5 .$"�! /(�-�.�, �� 0.�6��$ H�% 8-4 

8��6*+ �<:�  $ 0� �� C& C�E��5 0% �%(W 6
� 

�+ '()*+ 6<<� >Y�- )Cravajal et al., 1994 .(

�)F$ H�", \%�<+ /(�-�.�, �� X�*+ n<�  �E ><�	� 

)Ilmenite( �� 4��,�� )Rutile( ) � 6�Y�$ /(�-�.�, (

6<.YE .Konishi & Tesuge )1996 (��Ng$ 6<.
$� 

0� /(�-�.�, H@	+ >�$ �� 4@
 6�Y�$ /(�-�.�, �� 

>�Do, �@�A(�(�% CA�".�- �� 8"5  �E /(p� �E 

>���I+ 0.
$� 6
�% .C& �E H�<_	E ��Ng$ 6<.
$� 0� 

C��
1$ V�-�.�, T���.� 0% '()*+ ���$l2 6
� 0U-(� 

$� �(DN% 6�IZ% .�� �I��+!& �% '()*+ 
��� (-�- V$�h 

 � 6�Y�$ �� /(�-�.�, �� X�$"
 �"%��� � /67 �"%��� 

CA�".�- C�I- 8�$� 6
 0� �� ��	�, 6E�
 /�	, 

G"%  �E "�� q�<`�$ >*, X�$"
 �(D	� CA�".�- ��! 

6-6
� �+$ �.c� !$ (-�- V$�h  � 6�Y�$  /(�-�.�,

8��`.�$ �6
 H�$ r�`,$ ��.1��- .H�$ "+$ C�I- �+ 6E� 

(-�- V$�h  � 6�Y�$ JD� /(�-�.�, >�Do, CA�".�- �� 

G"%  �E q�<`�$ 6-6
 )Yang et al., 2007.( (-�- 

V$�h  � 6�Y�$ /(�-�.�, �+ 6<-$(, >+��L+ �E�l% $� 0% 

R<, 8�"%B�% � h(`- O& � Cs�Y�$ !��-��(+  $"% 

0-$(= �-! \�"� $� >�(L, 6<<� )Khote et al., 2012.( 

C$"pIE�s� �% ���"% "#$ (-�- V$�h !�,�-&  � 6�Y�$ 

/(�-�.�, �� >M)2  �E 10� 20� 30 � 40 �)�+ /"5 �� 

�".�� "% 0-$(= �-! �l% 8��5  "`:= �� X�$"
 >I� 

C��� 0I�
  $ 0% H�$ 0U�.- 6-6��� 0� R�$
1$ 

>M)2 (-�- V$�h "�#t, >Do+ �<:+  �$� "% 6F�� � 

>7"� 0-$(= ��-! '([ 0c�� 0u � 0I�� �0u kW�
 

0�<% �l% �  (.*+ 4�1�")� 8��5  "`:= 6-�$� 

)Kamali et al., 2018.(   

�� '�] "d�] �
�$
5 !$ ���"% V$"#$ R<, �@IW 

 � �"%��� �% 8$"	E 6�Y�$ /(�-�.�, �� 4	*, 0% R<, 

�@IW 8��5 45  6	*+ �(=�  >�$ ���] �� H�$ .��$6-



   /()7�-�D2�% C$"�$��� �� 52��	
 �� 3 �
���� 1400  703 

 

�(DN% 0� 6
� �I��� � R�$
1$ 6��(, � �"@)	7 ;-��$ 

8��5 H�$ �% �"%��� ^��  �E v).Z+ � �% j"F 0<�
E  �E 

H���� � �E�!�% �B�% 0=(,��(+ 0.1"5�$"c >�$ .H�$"%�<% 

�� H�$ 9�L*, V$"#$  � 6�Y�$ /(�-�.�, % (-�- "�2 � (-�-" 

6
� � 0:�(, V�`F �W"% � �@�A(�(1�(+  �E".+$��� 

�@�A(�(�
�1 8��5 45  6	*+ >*, R<, �@IW 

���"%��(+ �$"c >1"5.  

  

 :�� � 	��� 

 R��+!& V�(F 0% �"[ 0��� "% 4��(.��1w�+��  �1��f,

�� 3 0-�Z)5 �� �$"@,  86@I-$� �-�D2�% /()7  �E

 C�.Y%�, � ��N% �� 6NI+ ����"1 8�pI-$�  !���I�

1397 .6
 $"=$ ) bS� �� ��  ���%& T�A� '�$ 4+�7 "E 

0� !�� )6E�
(� � R
  y<� �� /(�-�.�, /�� 4+�7 � (!��

) bS�0  �(/(�-�.�, !$ 8��`.�$ /67 �6E�
)15 �� ��  /$

 � 6�Y�$ .�, �/(�-�30 �� ��  � /$ 6�Y�$  �/(�-�.�,15 

�� ��  � (-�- /$ 6�Y�$  �/(�-�.�,30 �� ��  (-�- /$

 � 6�Y�$  .�(% (/(�-�.�,  �� 0-�D
 � 0-$!��  �+� X�(.+

 �% "%$"% J�,", 0% 0-�Z)52 ± 25  �2 ± 18  �.-�� 0=��

 H�% �DY- >%([� � �$"570 -60  0% .6
 T�M<, 6F��

��	�, '�	7$ �(M<+   6	*+ 45 0��� �� '�N- !$ �E

)Rosa damascena   ��] >I� ".Y% .6
 8��`.�$ (

70 6F��  + e�W30 6F�� �� .�(% 0��+ '�6= 1 y��.- 


���-& >1�%  >I� ".Y% ��(+ R��+!& 86+& >�$.  

 ;�!$ � 8��+&!�  >I� ".Y% '�N-  0�����  �E

 6	*+ 45 8!$6-$ �% �E  �C�Y@  ��2  0SL-0% �([ 

�L.Y+T C$6)5 ��   �E6  0-�E� "Sc �% �+"5()��40 

".+ �.-��  � 6
 >I��4+�� �$"L.�$ !$ ;� T�A�   �E

 ���%& V��`.+ + .6
 '�	7$�C$
 - ��(+ O&�!�  "E ��

%& >%(-���   8��`.�$ e�W �7$�! >�1"g Q��$ "%

 86
 '��:+300 �� �� 6
 0.1"5 "M- ��  0% 0�

 '�	7$ ��D@� !�� R
 "E � ��D@� !�� 0� "E 4F$(1

6��"5 . �E��	�,  � 6�Y�$ /(�-�.�, 0% V�(F 

'()*+ �
�� �5"% �� >M)2  �E "�h 86
 �� 5 >%(- 

�% 4F$(1 >`E !�� )�� >%(- 4Dc !$ !�2& R<, �@IW 

� 0� >%(- 6:% ?�"
 ��	�, R<, �@IW ('�	7$  .6


 � (-�- 6�Y�$  >�"
 !$ 86
 8��`.�$ /(�-�.�,Evonik 

Degussa GmbH  V$�h (-�- 8s�� bS� .6
 0�N, C�	�&

 /(�-�.�,m
2
/g 50/(�-�.�, (-�- V$�h 8!$6-$ X�(.+ � nm 

21  �()W �% �5/99  .�(% 6F��8!$6-$  (-�- �1$"5(�(, �

) �I%�� �)-(, }(@��"@�+ �% /(�-�.�, V$�hSTM: 

Scanning tunneling microscope '6+ (STM-SS2  ��

 6
 H��:, 6NI+ ����"1 8�pI-$�  
�"+ 8�pI��+!&

 4@
)1  �2.(  

  

 '�6=1�`.�$ ��(+ e�W ����	�
 � �@�
�1 V��F(fW �W"% .R��+!& �� 8�.  
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 

 

 

1.  Scanning tunneling microscope 



704  ���  :���	� �  !��"#$ ��� %&���  � '()*+ 
��� ,�-�.�/( 0% �� /"1 (-�- � 2�" (-�- "% ... 

 

 � 6�Y�$  >�"
 !$ (-�- "�2 /(�-�.�,AppliChem 

GmbH  C�	�& �()W �%99 .6
 0�N, 6F��  

  

��
��
 ���������� ���� ����  

 �  ���%& T�A� �� '�	7$ !$ ;� �<:� R��+!&  �N.-$ ��

'()*+ 
�� a�A(�(1�(+ V�`F �5"% �8!$6-$ "�5 0% .6
  

�% G"% bS� � R� XW �% 8��5 ?�`,�$ �(M<+ H�$ 

8�p.�� bS� G"% ) y<�Model Li-Cor– 1300, USA( 

 ��(+8!$6-$ "�5 0.�(�� V�(F 0% 45 �$6:, .>1"5 �$"c  

 �% 4p+� '([ � 4p+� "Sc �45 "Sc .6
 ^��	


;i� .6
 >D# '�.�U�� ;��(� 0I�� � /$6-$ ��$(E 

8��5 0% V6+ 48 >7�� ��  �+� 75 0=�� �.-�� �$"5 

0% C�& 4L.<+ 6-6
 C!� 8��5 4� aIW �%  �!$", 

'�.�U��  '6+GF-300 �% >c� 001/0 ��(+ 8!$6-$ "�5  

�$"c  C!� T�YL, !$ ��$(E /$6-$ 0% 0I�� >DY- .>1"5

 8��5 ��$(E /$6-$ aIW C!� 0% 0I�� aIW0% >�� 

 .6+&  

  

��
��
 ��������� ��!�� ���� �  

kW�
 �p<�
D� (6i�$) G"% �% 8��`.�$ !$ 8�p.�� 

4�1�")� ".+ (SPAD)  '6+spad 502 �� 0� >	Yc 

!$ 0� G"% �0%�I+ 8!�, � T��� 4+�
 �$6.%$ � X�� 

 �N.-$ 0,(% 8!$6-$  "�5 � H�p-��+ C&  $"% 0,(% ��(+ 

>D# "M- 6
 )Oneill, 2006 .( $(.*+ >%([�  �DY-

)Relative Water ContentO& ( G"% �� G"%   �E 

w�+�� 0:�(, 0.1�� 6:% !$ 86E�I+ T��7 R<, 9%�S+ 

�% 0S%$� "�! 0D��*+ 6
 )Omae et al., 2007.(  

 = $(.*+ >%([� �DY- (%)  

100×  
)C!�  ", G"% -C!� aIW G"%(  

)C!� Q�+& G"%-C!� aIW G"%(  

+�C$
 ��"��H ^�� 9D[et al.  Bates )1973(  �%

 8�p.�� !$ 8��`.�$".+(.1".@i�$ )Jenway Model 

6305(  q(+ '([ �� �520  �$"c 0D��*+ ��(+ ".+(-�-

>1"5. "% $ 8!$6-$ 5�"  6<c 4� 2/0 +�)� ��".  !$

8��f7 ��)�, 86
 �% 3 +�)� ��". j":+ C�".-& K()Z+ 

� 0%  V6+20 0L�c� �� /�	] O& /"5 �%  �+� 100 

0=�� .-��� �$"5 .>1"5 �$"c Ol= C$
�+ �(- "E a� 

!$ 0-(	- �E ;� !$ �"� C6
 �� '([ q(+ 620 ".+(-�- 

8!$6-$ 5�" 6
  )Sadasivam & Manickam, 1992( .

8�$�  ��+& 
���-&  /"- !$ 8��`.�$ �% 9�L*, H�$  �E

 �$
1$MSTAT-C $"% � >1"5 V�(F  �E�$�(	- T�� 

 0+�-"% !$EXCEL H�p-��+ 0Y��L+ .6
 8��`.�$  �% �E

 !$ 8��`.�$C(+!&LSD   bS� ��5 %6
 /�U-$. 

  

;�� � <+���  

���������� ����  

 '�6=) ;-���$� 0�
U, y��.- 0% 0=(, �%2"#$ �(   �E T�A�

 � � ���%& 6�Y�$  /(�-�.�, � "#$T�A� 4%�L.+  �  ���%&  �E

 � 6�Y�$  0% 0I�� >DY- �4� aIW C!� "% /(�-�.�,

�<:+ 8��5 ?�`,�$ � ��$(E /$6-$  .6I- �$�  �E T�A� "#$

 � � ���%& 6�Y�$  /(�-�.�, bS� �� 0,(% G"% bS� "%

 '�	.]$1 6F�� �<:+  0.Y%$� V�`F �% K�D,�$ �� .�(% �$�

 45 0%8!$6-$ "�5 "U<+  ���%& T�A� �� !$ 8��`.�$ �86
  

 ��U�$ 0%V��`, �<:+  '�	.]$ bS� �� �$�1  � 6
 6F��

�45 aIW C!� "% /(�-�<.�, 6�Y�$  � "#$  "Sc �45 "Sc

�<:+ "#$ 45 �$6:, � 4p+� '([ �4p+�  0% .>
$� �$�

 !$  ���%& ��� R�$
1$ �% J�,", H�$3  0% !��6  bS� !��

"Sc � 45 "Sc �0,(% G"%  J�,", 0% 4p+�15 �4/12  �

98/10 6F��  "E  ���%& �� H�<_	E .>
$� RE��3 

 H�p-��+ �([ 0% ��D@� !��37  86E�I+ 0,(% "E �� 45


 0%  ���%& 0)F�1 R�$
1$ !$ ;� 0� 66  �$6:, H�$ !��

 0%33  �% �1"[ !$ .>1�� RE�� 0,(% "E �� 45

'()*+ 
�� H	d .6
 ���! 0,(% G"% bS� /(�-�.�, �

 V�`F  �� 86
 8��`.�$ �(S� /�	, �� /(�-�.�, 0@<�$

 '([ � 4p+� "Sc �45 "Sc 4o+ 45 �.
�� 0% 0.Y%$�

 '�6=) >
$� "#$ 4p+�4.(  

) 4� aIW C!� H�".I�%38/39  bS� �(/"5

) G"%3405 �.-��  45 "Sc �(0,(% "E �� \%"+ ".+

)4/29 �)�+ ) 4p+� "Sc �(".+4/41 �)�+  '([ � (".+

) 4p+�7/50 �)�+  ��	�, �� (".+15 �� ��  (-�- /$

 � 6�Y�$  /�	, �"%��� H�<_	E .6
 86E�I+ /(�-�.�,

�$
1$ 0% "U<+ /(�-�.�,  �E��	�, 0% .6
 45 �$6:, R

 �"%��� �% 45 �$6:, 0@��([15  �30 �� ��   � /$

 /(�-�.�, 6�Y�$8/40  �9/54 6F��  �"%��� �% �15  �

30 �� ��  � (-�- /$ 6�Y�$  /(�-�.�,84  �69 6F�� 

 '�6=) >1�� R�$
1$4 .(  



   /()7�-�D2�% C$"�$��� �� 52��	
 �� 3 �
���� 1400  705 

 

  
  

  

  

  

  

'�6= 2. ;-���$� 0�
U, y��.- T�A� "#$  V�`F �W"% "% /(�-�.�, 6�Y�$  � (-�- � 6�Y�$  � �  ���%&  �E 45 6	*+.  

Table 2. Results of irrigation regimes and dioxide and nano titanium dioxide on some traits of Rosa damascene. 
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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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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. 
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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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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. 
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