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Abstract 
In order to investigate the effects of irrigation regimes and foliar silicon spraying on quantitative and physiological characteristics of borage (Borago 
officinalis), an experiment is conducted as split plot based on randomized complete block design with three replications during 2014 at the University 
of Zabol research farm in Zahak. Treatments include irrigation regimes at three levels; (90%, 70%, and 50% FC) comprising the main-treatments and 
four levels of silicon sprying including spraying in the form of sodium silicate (Na2SiO3) (0, 2, 4, and 6 mM) as sub-treatments. The results indicate 
that the highest amount of proline is obtained from the interaction of irrigation regime with 50% of field capacity, without the use of silicon at the rate 
of 0.7847 mg.g-1. Based on the results of average comparison, the highest amount of chlorophyll a (15.919 mg/g fresh weight), chlorophyll b (7.14 
mg/g fresh weight), from the interaction of irrigation regime 70% of field capacity and application of 2 mM silicon, as well as number of flowers per 
plant, total dry yield of plant (520 kg.ha-1) and biological yield (1187 520 kg.ha-1) Per hectare), 70% and 50% of field capacity and application of 6 
mM silicon are obtained from the interaction effect of irrigation regime, respectively. Overall, the results suggest that silicon application mitigate 
drought stress impact and led to increasing drought tolerance of borage. Since flower and flowering branches of plant has economic value and 
application of 4 mM silicon acid is recommended to obtain the greatest flower yield under drought stress conditions.  
 
Keywords: Biological yield, carotenoid, chlorophyll, proline, yield. 
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�2�$�  2  ns306/1056 ns444/75 ns332/6008  ns444/7180  

������ �
��  2  ns480/589  
*444/82265  

**333/53358  
*778/79267  

��42 ��J_  4  923/258  111/2192  667/916  611/9294  
#�$����  3  **024/4587 **667/117402 **27025  

**111/254352  

������ �
��× #�$����  6  **211/1506 **333/23194 **31425  
**222/99513  

�<�- ��J_  18  088/376  111/2162  889/1213  074/4355  

32���i� 7
�� )%(    12/14  36/7  92/10  94/6  
ns( ** �  :*���O/" PQ�10 �5B� R$* S&�+��O/" � �0� A�	�T0 UV, �� �0�1  �5 .$���  
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A�$B 3 F��!�" K0+30 . ���&�@ ?'9��;0$J0 �	% K��� �1+� +� �56&)&, ��+&7 ���;��7 ��&7 �$
  

(�<2�( 0�-�N) ������ �
��  
)%(  

#�$����  
)mM(  

>! 92�`�  
)n( 

>! #��� 
��� >/ *'_ 9�$�.<Z
~�  
)kg.ha-1( 

>! *'_ 9�$�.< 

)kg.ha-1(  
*
��+��� 9�$�.<  

)kg.ha-1(  

90  

(� �%) �R4  c-e131  ab690  bc370  b-d1060  

2  a-c3/155  ab3/733  cd320  b-e1053  

4  3/148a-d  ab700  ef3/243  ef3/943  

6  de122  a3/753  b-d7/336  a-c1090  

70  

(� �%) �R4  7/102ef  d400  fg200  g600  

2  3/138b-d b670  ef230  f900  

4  155a-d  ab7/726  de280  c-f1007  

6  3/177a ab690  d3/303  c-f3/993  

50  

(� �%) �R4  97/87f e3/303  g3/163  h7/466  

2  7/125c-e c558  b3/393  d-f٣/951  

4  7/167ab  b7/666  a520  a1187  

6  3/143b-d ab690  a470  ab1160  
X&YJ�&" A�	�T0 UV, �� ($O�
� I+��" P�+T �0�0� �5�, +� �� �% �'��5  PQ�10 $����O/"$J�0$J ��0�.  

 

3.2!" %
�� �$�� !� &'( �)��*+ .,�-.  

�929 k��
�2� 

,p� W
�X� ���E) � 2#�'� )( ��	 9
�	`�  ��2 #9���29�
�������� ��  >��YX� 32��2 � #�$���� )

 >/ *'_ 9�$�.< �� �4�9 *
 ��.Xd2 IJ� �9 �9 Z
2
>! #��� 
��� b
2�% �9 � �X��6� V	� V
2,-2 �� .9�� Z
~�

 #�$���� (2 �9�RX�2 Q�< ��.�� �950  )�<2�( 0�-�N �4�9
�/ 
� 9�$�.< �2�Y� Z
�� �� � b
2�% �
�� �9 .��� 0�9


� � #� ��! �%� )#�$���� 9����/0-�
 9�aO� 9�$�.< #� va� 
 ���E)3.( Jalilzadeh et al. )2018(  ��929 m�2,!

�����   0��g� � 92�`� V
2,-2 7E�� ������� �%�&
^���  � �  #(� Z�	P(� ���! �9 
��� *'_ � ��1 �8� 

�+����� .�% #���2� Khaghani et al. )2020 m�2,! ,�� (
�/ V	� 
/ ��9�/  ���! �9 *'_ #(� V �/ n<�� )���

*�����+�� w�=� ��2 .�% �
��9 Z'
��   � �� #(� �� ���2
�	`� )*'_.�% ���! �%� 9�aO� 7a� � �29  

                                                                                    
1. Rosa hybrida L. 

3.3!" &'( �)��*+ .   
 �� ��.�� (2 *
 �  ��.<2�
�������� ��  ) � #�$����

� �� �	`� ����� �9 Z
2 V	/>! *'_ 9�$�.< �� ��29  �9
 0%29 �4�9 *
 ��.Xd2 IJ� ���E)2(. V��  #2,�� Z
��

 9�$�.<*'_ ) >!520  ��.�� �9 (��X$  �9 Q�!���/50 

� #�$���� 9����/ �� � �<2�( 0�-�N �4�9  ��OP #2,��

�����/ � �U�� ) #� Z
��3/163  ��.�� (2 (��X$  �9 Q�!���/
50 
� #�$���� 9����/ #��� )�<2�( 0�-�N �4�9 0�9

.��� #��(��! �� #�$���� ����� ����� 
`+�J� �92 32��2 )
2 0ac�Q2��2 #(� �� )#�$���� (2 �9�RX�  � �
2�  �� 

�  ) �% �� �'� >/ >�-���/ Z�	PTorabi et al., 2013 .(
Zare et al. )2018,�� ( 
`+�J� �9 �� 
/ ��929 m�2,! �2

#(� )������� 0��l V
2,-2Q2��2 *'_ � �� �9 �
2�  �� 
>! ��_�� �
��29 ���!3  9�aO� ���% V	� ����� 0��

.�	X-�
   

                                                                                    
2. Borago officinalis L. 
3. Echinacea purpurea L. 
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3.4&���0��� �)��*+ .  
]��2��  ��2 )W
�X��
�������� ��   W	& ��.Xd2 IJ� �9

 >��YX� � #�$���� 32��2 � �4�9�
�������� ��   �
�	`� �4�9 *
 ��.Xd2 IJ� �9 #�$���� 9�� �29

 ���E)2 9�$�.< �� #�$���� 9����/ ����� W
�X� .(
 *
��+��� 0���
�������� ��  
/ 929 #�'� )V�� �� Z


 #2,��) *
��+��� 9�$�.<1187  )(��X$  �9 Q�!���/ �9
 ��.��50  #�$���� 9����/ �� )�<2�( 0�-�N �4�9


� ���� ��OP #2,��
� �U�� ���E) ��� 0�93.(  V	�

X�� 7a� �$'_
�(�� #�% ),X	��X- #2,�� V �/ )� 

0�+�`- �� ����� � �.
,�� �� �  Z�	P �	
2�- y���� �� 
�� ���! �9 *
��+��� 9�$�.< V �/ n<�� )#� 
� 9�%

)Farokhinia et al., 2011.(  32���i� 
� #�$���� ��R� ��2

� 2� �$���������2�
9 �9 k���� 0%�a�2 >�+9 �+��� �� 


X��29 ba���) ��2Ma & Takahashi, 2002.(  n<�� 
/
XO� ZX-�!�2�8^�� � V
2,-2 � ��%��_ ��� ��2�� �9 � 

�� ���! 9�$�.< V
2,-2 
p�X� �9 � ,X	��X- #2,�� 9�%
)Gottardi et al., 2012.( Rezabeigi et al. )2020b (


/ ��929 m�2,!  9�$�.< V
2,-2 n<�� #�$���� 9����/

 .�% >=- �_� ��� V	� b
2�% �9 Q�	! �8� �9
�  Z�	P ) �!�� 9����/ 32��2 V �/ r
�6 (2 )#�$����

�/ V	� (2 �%�� 0���Y� 7E�� )���V�� ��  ��2�� �9 ���!
 9�$�.< ),X	��X- V
2,-2 )>�-���/ f_�% 9�aO� )V	�

0�
( � 0%29�� f_�% V
2,-2 
p�X� �9 � �9��
) �% 
+�$�X
�� �9 
�29 9�$�.<Barati & Bijanzadeh, 

2021Q�p�2 3�`+�J� �6 .( ����� )��% 92�� �%�&
0�-����� (#�$���� 
�.E (2) � ��! �%� ��		/ ��2��

 9�$�.< 9�aO� � �$'_ V	� (2 �%�� ���� V �/ n<��
) 9�% W���Abbasian & Aminpanah, 2021.(  

  
3.5 2���� 3	���
��)� .  

�� #�'� k��
�2� 

,p� W
�X� 32��2 
/ � 9�
�� �� 
������ � �� � �$���� � �$'_ V	� V	/�  � #  ��2 Z�	P


� #�$���� ����� )�4�9 W	& � *
 ��.Xd2 5�J� �9 7����
�	`� ���E) 0�2 
X%29 32��� ���/ #2,�� �� ��294 .(

����� )�$'_ V	� b
2�% 0�� #�$���� �� #� ��! �%�&
 b
2�% 
� 0a�� ����� 32��� ���/ �2�Y� V
2,-2 7a�

 ���E) �% #�$���� (2 �9�RX�2 Q�<5.(   
  

A�$B 4 LJ�'�0� �'8M� N'��J .��3@ �7�'� +� �56&)&, � ���&�@ ?'9� ��&% ����;0$J0�+&7  ��&7 �� �$
���;��7 

32���i� v��	�  

E�9  
�92(�  

3�`��� Z�H����  

32��� ���/   
�����  

Z�+��&  
 f_�%  
>�-���/  

 k������-  
>�-���/  

 >�-���/a   >�-���/b  ��e�	����/  
 >�-���/  

>/  

�2�$�  2  ns009/0  ns014/0  ns138/0  
**000/0  ns966/4  ns582/0  ns015/0  ns150/3  

������ �
��  2  **099/0  
**084/0  

**275/59  
**399/0  

*367/28  
**201/16  

**055/1  
**406/14  

��42 ��J_  4  091/0  003/0  331/4  000/0  920/3  971/0  010/0  048/1  
#�$����  3  *106/0  

**194/0  
**364/51  

**009/0  ns598/6  ns184/1  
**578/0  

**001/17  

������ �
��× #�$����  6  **107/0  
**073/0  ns293/17  

**004/0  
**131/26  

**160/4  
**072/0  ns252/5  

�<�- ��J_  18  026/0  004/0  031/7  000/0  275/5  949/0  010/0  846/2  

32���i� 7
�� )%(    05/5  73/20  12/14  97/1  57/19  18/9  21/12  39/12  
ns( ** �  :*���O/" PQ�10 �5B� R$* S&�+��O/" � �0� A�	�T0 UV, �� �0�1  �5 .$���  
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A�$B 5 F��!�" K0+30 . ���&�@ ?'9��;0$J0 ��&% K��� �1+� +� �56&)&, ��+&7 ���;��7 ��&7 �$
  

��
����

 �

��

 
(�

<2�
( 0

�-�
N)

  
)

%(  #�
$�

���
  

)
m

M
(  

��
��

� 3
2��

� �
��/

  
)

m
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/g
 f
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sh

 w
ei

g
h
t

(  

Z�
+��

&
  

)
m

m
/g

 f
re

sh
 w

ei
g
h

t
(  

>�
-��

�/ 
k

���
��

�-
  

)
F

v
/F

m
(

  

 >
�-�

��/
a

 

)
m

g
/g

 f
re

sh
 w

ei
g

h
t

(
 

 >
�-�

��/
b

 

)
m

g
/g

 f
re

sh
 w

ei
g

h
t

(  

��
e�	

���
�/

  
)

m
g

/g
 f

re
sh

 w
ei

g
h
t

(  

90  

(� �%) �R4  c968/2  cd1753/0  a7823/0  ab604/14  ab402/6  b175/1  
2  bc077/3  cd1977/0  ab7787/0  a-c509/13  ab013/6  b397/1  
4  bc226/3  cd1962/0  ab7787/0  de382/9  bc886/4  a833/1  
6  b323/3  cd1907/0  b7590/0  ab356/15  a199/7  a270/1  

70  

(� �%) �R4  bc073/3  5580/0 b 5337/0 e b-e571/11  bc763/4  c723/0  
2  b345/3  2420/0 cd 6340/0 d a919/15  a145/7  b303/1  
4  a706/3  2710/0 c 6413/0 d c-e528/10  ab974/5  b183/1  
6  bc166/3  2583/0 cd 6640/0 c de359/9  cd282/4  c829/0  

50  

(� �%) �R4  bc216/3  7847/0 a 3457/0 c de465/9  d082/3  d561/0  
2  bc178/3  1580/0 d 4247/0 g e233/9  cd709/3  cd730/0  
4  bc109/3  1650/0 cd 4253/0 g a-d222/13  bc931/4  b291/1  
6  b253/3  2400/0 cd 4493/0 f e655/8  cd818/3  cd758/0  

X&YJ�&" A�	�T0 UV, �� ($O�
� I+��" P�+T �0�0� �5�, +� �� �% �'��5 �O/" PQ�10 $���.$J�0$J ��0�  

  
���	� VY� �9 ����� �� �	8��		/ )�,.�2 �� 

3�a�tRd � �+��� �� �'l ��	 9 k������� ��		/
������ >.< �  �9 ����� �� �	8 
/ ��� ��! �9 � �		/


� z��&�� 
X%�a�2 �$'_ V	� b
2�% ���	� )���%
�9 �,.�2 #�  � ) 
X-�! 3��4 �XO�Slama et al., 

2007Z�����& )�X�
( �� �'l ��2�
�& 7E�� � ( )� 
� 0���Y� � ,X	��X- V
2,-2 �$'_ V	� 
�� 9�% )Sato 

et al., 2004.( Askarnejad et al. )2019b ��929 m�2,! (
 � ����� �� �	8 #2,�� V
2,-2 7a� #�$���� 9����/ 
/

(2 �%�� 32��2 V �/  �
��29 ���! �� �X��6� V	�
�
�X�21  ���+���X� �� #�$���� .�% �$'_ V	� 0��

 � � �	8�  Z�	P  ��d �9 #� ��! �9 �,X	��X- 92�� Vg&

                                                                                    
1. Stevia rebaudiana Bertoni 

 #� #2,�� V
2,-2 n<�� � 
X%29 ���R� 32��2 �%�
�� 9�% .�  Z�	P  0�� #� ��! �9 ��2��� ���/ ���_~

 �2�� 2� V	��	
2�- 

�& ���+���X� tRd � *�+���X� �� 
 V
2,-2 r
�6 (2 � 
X%29 
H� 7��	� �d �9

32��� ���/� #� ��! )V	� b
2�% �9 �  7
�g� (2 2
 ��X_�� ��Y� tRd n<�� � �9�/ 0�-��� ���2���/2

Z�����& ��'l) �% � 2�_ � Verma & Dubey, 2001 .(


si� #� ��! )���% V	� b
2�% 0��  #�$���� �� ��%

 �� #�$���� .�	X%29 ��XO� �%� )� �% #� ��! 
� 0a��
 #� ��! �9 �a�� u� #2,�� � �
��d2 �� �	8 V
2,-2

V	� 0�� V �/ �� � #� ��! u� 0�`�� 9�aO� 7a� )
 �9 ���% V	� �q� 32��2 V �/ n<�� )���2���/2 V	�

) 0�2 ��% ����+�� k��&����2�� ���!Shams et al., 2019 .(
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�  Z�	P  �� �'� )Q�!��� ���! �� #�$���� ����� ����� �9
 �2�X�� )V	� b
2�% �9 #�$���� 9����/ �� 
/ �%

32��� ���/,-2 � ) 0-�
 V
2Yin et al., 2013.(   

  
3.6,�0
)5 .  

 �� ��.�� ��.<2�
�� �������  � #�$���� )  32��2 Z�	P
�	`� ��2 )Z�+��& #2,�� �� �9 Z
2 >��YX� IJ� �9 ��29

 ���E) 0�2 
X%29 �4�9 *
 ��.Xd24 V	� V
2,-2 .(
�/ ��.�� �9 ���50  V
2,-2 7a� )�<2�( 0�-�N �4�9

�	`� v.p� �9 .�% � ��.�� �
�� 
� 0a�� Z�+��& �29
V�� )#�$���� (2 �9�RX�2 Q�< b
2�% �9 )��.�� Z
2  Z
��

 �� �
� #�$���� 9����/���� �9 #2,���/ )�U��  Z
��
 ���E) �% �� �'� Z�+��& #2,��5.(  #2,�� V
2,-2

��2�
2 #��(��! �9 )�$'_ V	� 3�% V
2,-2 �� Z�+��& 

)Bagheri et al., 2020) ��R�- o�	`� )(Saedi et al., 

2020) ����(� )(Shamsai et al., 2021 #��
� )(
)Askarnejad et al., 2019a) �a%�9�� � (Esmaielpour 

et al., 2020V �"& b��� )(  .0�2 ��% m�2,! #2�!
�
,�� #�.X_�� �� �Xac� 32����� Z�+��& ��X_�� � � 

�  .9�29 �+��� ��'l  0�� Z�	P �9 )V	� b
2�%

X-�
�%� #� ��! �9 �,.�2 �9�`� 9�p
2  � 
X%29 VY�


�V	� 
� z��& �9 �9�
( �2�Y�  v.p� �J��� �� 
�� ) ���
Ashraf & Foolad, 2007 ��'- ���	� 7a� � (

{��_ V �/ )�,.�2  ]��� tRd � ���� (2 u� #�%
�� �+���) 9�%Kafi et al., 2012.( Bagheri et al. 

)2020(  �2�X�� V �/ 7a� #�$���� 
/ ��929 m�2,!
Q2��2 Z�+��& ���! �9 �$'_ V	� b
2�% �9 �
2�  �� 

 .�% ��2�
2 #��(��!  
  

3.7 !�7
)�� 8(�9 .  

 ��2�
�������� ��   �#�$����  IJ� �9 >�-���/ #2,�� ��

�	`� )�4�9 *
 ��.Xd2 ���E) 9�� �294(. Z�H���� 
�
�Y� -

 
/ 929 #�'� �  ��.�� (2 V	� #2,�� ZX-�U�� ��90  
�50 
 ���E) �% 
X��/ >�-���/ #2,�� (2 )�<2�( 0�-�N �4�9

6V�� .( ) >�-���/ �2�Y� Z
��39/39 #�$���� ��.�� (2 (

� ���� V% #2,��
� �U�� ���E) ��� 0�97 ]��2�� .(

Q�p�2 V �"&  b��� ��%Hamidi Moghaddam et al. 
)2021)����! ��� (  ��.Xd2 IJ� �9 >�-���/ f_�%5 

 b
2�% �9 � 0-�! �2�8 �$'_ V	� ����� 0�� �4�9
 #2,�� V �/ .�% 
X��/ >�-���/ #2,�� (2 )�
�% V	�

V	� 0�� >�-���/ �/�� )���
� ��2�� #���2���/2�X- >�+9

��! b��� >�-���/ �
,�� 0�+�`- V
2,-2 )��`- #"��/2 �� 

���9 ��YX�2 )(:�-���/�  � 
�29 
� ^�� (2 #���X�� ��  Z�	P
�
,�� 0�+�`- ���i��%�� #���X�� ���+���X� �9 9�E�� ��  

)Jiang & Huang, 2001(.  0�+�`- )#�$���� (2 �9�RX�2
�
,�� �_���� �� 
�2�H�� #2,�� )��	�/2 )�,X	��X- �� 

�  o�a%2 u�P �� ���2 Z�	P Z�����& � � ��1�+ ��'� �� 
 ������� V
2,-2 2� �$'_ V	� 0��) � 9Gong et al., 

2005 ���! ^�� >�-���/ f_�% �� ������� 9����/ .(
�	`� )�
�X�2 ������� x�Xg� 5�J� 929 #�'� W
�X� .9�� �29

 � �% ��.�� 
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