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١ -     Petunia sp.         ٢ - Solanaceae               ٣ - Superoxide dismutase              ۴ - Catalase               ۵ - Peroxidase  
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P1                                   P2                                    P3                                     P4        
 )8�1- ���>? �4 91��&$ 4��$ ����� @����.  

Figure 1- The Petunia cultivars studied in the research.  
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Table 1-Physical and chemical properties of the used soil. 
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��  �C�= ,4
8 (	I=7 �7rE	F	
3  � S*�T"�- ,�7/$7 ��-3  /$/F:  

� �G5 � 7H�  +H� 
9G  :7���5�� �    ,4	KE	F)�� 
 f-' ��N	.���4 
 (  �)= �$	�7/^ 4)L �'�B  	JJ"8 48 ��JJ. 
3 65-

70  �^48s)�K*.   X/" �'48 �U H�E ��
 	= /$/F H�E �
U 48 ;+	.88-� rT�" 	
.  

  :9��' B��-=l	' 	= �	E |R. �7 �N	. h)L�B  � ;IKN�,	 ,�7/JJ$7 C5 aE �7 ,8	c�.7 	' ��-3 �$	JJ. ]JJKk -JJ' 
 /JJF�-�" 

8-� @479��/.  

 .&� :9��' -RN�N	.   )5 �7 ,8	c�.7 	'��  8�w�h	� ,�7/$7 ��-3  " ]Kk -' 
�*�-�"  �	�'  /F.  

J-�C K�1G-� 4�61 � :�E	F 87/`=	
3 %$	^�  	� 48��	 	"�U�C /F @4	IF ;N8 �'.  

:)D 4�61  � .&� 7-'3 ,�7/$7 ��-3 �	' [\"	5 �� _�� ��� -RN 47-6= -
 48 ,/F 28	Z= 4)L �'� �U -RN 
 g	T�$7 �7 	JJ
 JJ�H 

f-%*� x-L  ��  �'	!" x-L �'  �U   )5 �7 ,8	c�.7 	'��  8�w�h	�  ,�7/$7 ��-3   JJ�dI
 ./F��B  �� 87/JJ`=7-JJ' 	JJ
3   47-JJ6= -JJ


8-� @4	IF�/.  

��."8�� �G-��:  
-�6 7 ;�$� ; Y)= @
4 �7 ,8	c�.7 	' f-'�S a.)= ,/F Blum & Ebercon )1981,�7/$7 ( ��-3  ./JJF

7-'3  7�B    �4)i�"8 CF�HK    -RN 	'1  �$	.�-�"  f-' �7	
3  �`.)= [\"	5 �7)^���2	 7/^  
 -R!" gU 	' 4	' 
8 
 /F�H  4	JJ'

8 gU 	'�$)�,9    ���. ./F ,878 )��KF10  "�*� �-�  8 gU3�$)�,9  8 �'�HK	
3    X/JJ" �JJ' 
 /JJF �2	{7 f-'12   48 ;+	JJ.

	"83    ./��2-� 47-N �	=7  7/�'77/
� ;  -�6 7�6�  1Lt  �$)I$	
    �7 ,8	c�.7 	'�H  7/
� ;  h	��w�8 _�. �6�-�6 7  ,�7/JJ$7 ��-3  ./JJF

�$)I$ ���.	"8 48 	
3 120 . �^48s)�K*  X/" �'�H 7/
 ��/F H�E �7 �� 
 /$/F 
\5)=7 ;+	.� ; -�6 7� JJ6� 2Lt 

�$)I$	
 78/w" ,�7/$7 ��-3 /F.  
-�6 7 ;�$� ;1  	'  �7 ,8	c�.7�R'74 ��- /F �%.	P" �R'74)2(:  

�R'74 )2                                        (                                                                    × 100) 2Lt/1Lt(EC% =   

��"�$� J�-� (K: 7)�P"3 %K$� Y)= @
4 �7 ,8	c�.7 	' f-' gU�S a.)= ,/F Cherki et al., )20028-� �%JJ.	P" ( JJ�/. 

8 _���HK  � ;E7)�6  f-' �7	
3  \"	5 �7)^  �`.)=���2	  7/^  7)�P" 
 /F3  %K$�  gU  � � 8	`" �7 ,8	c�.7 	'�- /JJF �%JJ.	P" 

�R'74)3(:  
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��U 48 �5  RWC  �gU �%K$ 37)�P"  FW  ,�	= ��
  8�HK	
3  f-'  �DW  8 H�E ��
�HK	
3   �/JJF H�E �7 �� f-'

  48�
U  	"8 	'3  70    s)�K*. �^48 X/" �'24  
 ;+	.TW  ��
HK�8 �$	.G4)=	
 �7 �� E��/$	K �U 	JJ
 X/JJ" �JJ'4 

4	= 48 ;+	.�6�  �'" ;.8�U�/.  

���"�$  ���.��L��6  )�  :7-'3  `=��B  7)�P"3  
)'-5�X74/  �5� 1 /0 f-' (-�  	JJ'25 "�*� �-JJ� h)$	JJ=7 80% n)JJ*T"  �JJ' 
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�$U�
-  )15 /0%  �2	{7 (/�8-�    X/" �' ��. 
 ;�
  N8��!    48  	' 4	T' (	Ik	"83  95  . �^48s)�K*   �� ./F ,878 X47-k

  (	Ik �' h	!�$7 �7�<  �$)I$ 3	"8 �/�.4 
�	JJ=7 3	"8 �' 	
�    �79JJ�"�JJ$)I$ gAJJ^  �)JJ" h)JJL 48 	
625  -�")$	JJ$   HJJI5 �JJ'

-�")�2
-�6�.7   ;}7-N  	�$ ./F�_  �'X4)Y  "�*�(-� /F @479� H�E ��
 (-� -' )McCready et al. 1950(.  

��"�$�  ��.?�2:   
-��B  �$)I$ �7	
3  5 /0  "-��  f-'	
3  �`.)= [\"	5���2	    	'10  "�*� �-� .7�/ 4)c ).�H 3%  /JJF �7-T�.7

Y)= �6=
-� s	.7 -' 
�S,/F  a.)=Bates et al. )1973$ x-`" �7 ,8	c�.7 	' (	�
�4/��B IT=�B  ./JJF ,8� �79JJ�" gAJJ^

  h)L 48 B}) )= 	' ,7-I
 CT'�)"  520    -�")$	$  HI5 �'-�")�2
-�6�.7   ;}7-N   
-� ;i*& ./F�B    �7 ,8	c�.7 	' JJ�H   JJ�P�"� 

 	5�.7-%��)  �' 
 �%.	P"  X4)Y"�h)"
-6 ' -= ��
 (-� -'��	 /�8-�.  

1 ��2  9�
�J':  7)�P"3  ���9%.  a    
b  Y)= @
4 s	.7 -'�S,/F    a.)=Lichtenthaler  )1987,�7/$7 ( ��-3    ./F7/�'7  4	JJ0O 

"�*� �-�    �)�.780%    �'1 /0  ,�	= f-' (-�  �8)' ,/F ,/�'	. �5    �2	{7/�8-�-�$	. �7 �� .�c�G)  X/JJ" �JJ' �8-510 N8��JJ!  	JJ'

  ;+-.3000  N8 48 4
8���!    �79�"�$)I$ gA^�)" h)L 48 	
	
3 647  
 -�")$	$664 �$ ./F ,/$7)E -�")$	$��JJw �'X4)JJY 

"�*�(-�   -' (-�' f-' -= ��
��	  � Xl8	`" �7 ,8	c�.7 	' 
 /F�- 8-� �%.	P"�/ 4)
a'7  4 
 5.( 

�R'74 )4(                                                                      

�R'74 )5(                                                                 

 �U 48 �5λA  �)" h)L 48 gA^λ .;.7 (-�")$	$)  

��1
��   �-( 
����  "-(�����-�6�:  5 /0    	' f-' ;2	' (-�H�  "�*� �-�  �7-T�.7 -2	'n)*T"  X/" �' ��. 
 /F20 N8��!  	JJ'

  ;+-.15000  N8 48 4
8��!  	"8 483  4	0O    �^48s)�K*.  -�$	.�c�G)  	" ./F�t  $	N)2�  7-'3  ,�7/$7 ��-3   	`2� ;  9$U�M	JJ
3 

�$U�K57�$7/�  7-' ./F ,8	c�.73  ,�7/$7 ��-3   	`2� ;    M�9$UCAT
	k X	cK2 -2	' �3  83.	���M  .	��)$)" �X	cK2�M   
 X	cJJK2

K57-��/  
��G
4/  9$U ,4	Z+ �'�I�    �2	{7/�8-�    
  �79�"  �)JJ" h)L 48 gA^240   -�")=)2
-�6�JJ.7 �7 ,8	c�JJ.7 	JJ' -�")$	JJ$

	�$ ./F ,/$7)E�_ �',�	= ��
 (-� -' /k7
 X4)Y1 '��	 ) /FAbie, 1984 .( 	`2� ; 9$U�M POD �JJ.7 	',8	c  JJ{)= @
4 �7�| 

,878 ,/F  a.)=Teisseire & Guy )2000,�7/$7 ( ��-3 �' 
' ,�	= ��
 (-� -' /k7
 X4)Y��	  	`2 ./F� ; 9JJ$U�M SOD  -JJ'

@
4 s	.7Gyanopelitis & Rice  )1977,�7/$7 ( ��-3  	`2 ./F� ; 7�B 9$U�M 	$7)= s	.7 -'��  �)JJ*^ 48 �U�-3  C
	JJ5 �7

F)�2�I�	��   
�7-�=�()  $�
\'
-�  `=��B    
 /F  �79�"  �)" h)L 48 gA^560  8-� ;JJ%D -�")=)2
-�6�.7 	' -�")$	$ JJ�/ 	`2 . JJ� ; 

SOD  �'" -' /k7
 X4)Y�*�(-�  ~=
-��B2 '��	 /F.  

�� �)  ��$(:�  7-'3  *P=��  ,878(-$ �7 	
  47927SAS    �TK$)4 /9X
	c= 
 /F ,8	c�.7 (	
3  4	"U3  -JJ�I5 �)"�U �7 ,8	c�.7 	'�B 

�`" X
	c=�4783 �`" |R. 48�4783 5% 	!"��K 8-��/.  

M
�"-  N�� �  

 

١- Unit/g FW                                                         2- Unit/mg of protein                                                       3- LSD  
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@�6-� �G5 � .  +H����  ����
:    C�=M5�'U  Q)R. (	I= 48  C
	5 e+	'  �`"�478  "	I= 48 �N	. H�E 
 -= ��
�  (	JJN47

8-��/  �6F)2 (g 
 S 7' .�-���B (7/$7 -= ��
 C
	5	
3 7)
�� (	N47 48 P4 
 P3 7-JJF ;JJP=�a  C�JJ=MJJ5�JJ'U /JJF�/ 

MN4 ./F ,/
	�" P1 -=l	' ;K$7)=�B (7/$7 -= ��
 7)
�� 7-F 48 74�a 'U C�=�  JJ�dI
 ./�5 ;%D��B (7/JJ$7 HJJ�E ��
	
3 

7)
�� �'�`" 4)L�478 Dv= ;P=�-  C�=M5�'U MN4 
 ;2-� 47-N P1 -=l	'�B 	. �' ;%K$ 74 H�E ��
�-  ;JJF78 (	N47. 7 JJ�B 

���2		
  	�$ 	'�_  *%N X	` 	R"� Dv= �5�X7- c�"� rE	F -' gU 8)%I5	
3 /JJF43  74 HJJ�E 
 -JJ= ��
 
 �N	JJ. h)JJL /JJ�$	"

,8-5 @479�M
 �/$7$7)E� ) 8478Riaz et al. 2013.( �dI
��B C

�� s	.7 -'	
3 �� JJ���B M5 C�JJ= JJ'U�  C
	JJ5 ]JJ^)"

U-2�/�  ;E	.4)$ "�8)F  � HJJ�E 
 ,�	JJ= ��
 C
	JJ5 �' -w�" 8)E �')$ �' �5��	JJ
	 �"88-JJ� )Hatamifar & Babadaei 

Samani, 2017; Kour et al. 2020�( C

�� B�7 _�	�$  ;K�� C
	5 9�$M5 a�7-F ;P= �
	�� ,8)=�" /��v= 74 �'U /�5�JJ5 

��2	� 	'  3	
B����  M
 �.;.7 	�.74  7 -' ,
\+��B  :�K%I
�   ;%m"  "��	  7)�P"3  " �	JJ�$ HJJ�E ��
 
 �-`= gU�/JJ
8   �JJ5

 � 48 8)^)" gU C
	5�,	 " -w�" H�E ��
 C
	5 �'�8)F )Riaz et al. 2013.4-' .(�	
3 ����B $�9 Dv=�X7- c�"�  C�=

M5�'U  )= -'�/ �� ;JJK,8)= �JJ$)� 48	
3  JJc*�T"�  �JJ*I^ �7s
-JJ+ SJJ �1 )Stützel, 2004 &Liu  JJK*L7 �(� �JJ�4
8 mix 

. 2011)et al(Shamshiri  �c*2�I 8 �372 )Haghighi, 2021 &Khosravi  �(I
 ����� 4	0'3 ). 2017et alEbrahimi  �� 
 (

 ]F )'4  ). 2019et alJafari v= 74 (��/ ,8-5./$7  

  

  

  )8�2-    .P�%�&'    !�"#$�� ��  ��(    .�(K) �
��� @�6-� �G5 +H� � (!��) �
��� @�6-� .  +H�    !�"#$ @���� ����� .��SS���� 4�SS�/� 

+�G-�&5 76��4�  $ 4��6-�"'��T-��2  ����� .6�"�� �
  76� U#G$ !�"#$ V�.3 �� 9���$( .W- H� ,6-�� �1$ L��F  ���4�  ��
68
.T ,�4 X&' 

B��"3�  5% �� +�$H( LSD  6-��4. 

Figure 2- Effect of different levels of water deficit stress on fresh weight of aerial parts (A) and dry weight 

of aerial parts (B) in different varieties of petunia. The vertical bars represent the standard error of the 

mean. Bars labeled with different letters are statistically significantly different from each other at the 5% 

probability level, according to the LSD test. 

 

� �G5 � .  +H� 
9G:  /F C�=�/  M5�'U  )30%  2-W� ;  +74��4 -= ��
 �^)= �'	N C
	5 e+	' (���  	!" 48��K  7-JJF 	'�a 

C�=	
3 /F C�= �
/' 
 a.)�"  �6F)3 (S 7(	N47 . P4 
 P3 '�-���B 4 -JJ= ��
 C
	5��JJ� "	JJI= 48 74� 7-JJF�a  C�JJ=

 

١ - Amaranthus spp.      ٢ - Capsicum annuum L.         ٣ - Calendula officinalis L.         ٤ - Matthiola incana L.  
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 �	�$ 	k 48 �/$878� MN4 �5 P1 -�I5�B ��
 C
	5 4 -=��� 74 4 H�E ��
 C
	5 .878 �	�$��� (	N47 48  P1 �P2�P3  
 

P4  $�9 =-= �'� ] 71 /43 �24 /29 �86 /41  
81 /51% 7-F 48�a /F C�=�/ /F @479�  �6F)3 (g. 48 7-JJF�a  JJ'U C�JJ=�� 

U-2�	
/�3  ZT= 
 h	!�$7�r 4 �' H�E ,8	"��� �)= 
�t �� ;K,8)= 4 �'���	
  JJK' C!$�4	  JJI0"�  )= 
 /JJF4 48 JJ�/  � JJ�,	 

) /$478Riaz et al. 20137927 .(�C 4 /F4��� 7-F 48�a  M5'U� "�/$7)=  � �IP= 8)%0' �'��	
	  M5 �'�'U ) /�5 HI5Chaves 

& Oliveira, 20047 s	.7 -' .(�B ���2	�	
  MN4P1 7478 �53 *'	N� ; -=l	'3 4 H�E ��
 uck 48��� ' [l	I�k7 �8)'�-���B 

M5 �' �IP=�'U  " 48 74��	 .4-' 84)" (	N47� 7 .8478�B �$��w 4 H�E ��
 C
	5 	'��� M5 C�= ;P='U�  X	JJ` 	R" 48 �JJ5

*%N� $�9  ;.7 ,/F @479�� M
$7)E� 8478 )Hatamifar & Babadaei Samani, 2017( JJ�dI
 .��B �8)JJ' -�JJ��'  
 ,�	JJ= ��


  H�E���4    MN4 48P1  �6F)3   (g 
 S 7 8 �' �5 ���  b	c=47  '�N	. -���  ��7)JJ
 (7/JJ$7 -�JJ��' ��
 
    �6JJF)4  (SJJ 7�  48

  �w��$ )=�/  �� ;K,8)=  ' 9%.�-��  7�B  *'	N -' �/F ,/
	�" MN4� ;  -�0'  7�B  4/" 48 MN�-� ;  C�=	
3  'U�   5v=�/  "�/JJ�57 . JJ�B 

���2		
  " �	�$�/
8    MN4 �5P1    ;.7 B6I"3	
8-%
74  -Dz"3  4	��	. 483  7-F 	'�a  M5�'U   
 /JJF4 8)%0' �' �5 /F	' ��F78

 )=�/ P" 48 �U�a	
3 M5" HI5 gU�/�5.   

  

  
 )8�3-  !�"#$ %�&' .P��� ��  !�"#$ @���� (K) 9G
� �G5 +H� � (!��) 9G
� .  +H� .� ��( ����� . ������ 4��/� +�G-  76��4

�&5� $ 4��6-�"'��T-� �2 ����� .6�"�� �
 76� U#G$ !�"#$ V�.3 �� 9���$( .W- H� ,6-�� �1$ L��F  ���4�  �� 
68
.T�4 , X&' B��"3� 

5% �� +�$H( LSD  6-��4 .  

Figure 3- Effect of different levels of water deficit stress on fresh weight of root (A) and dry weight of 

root(B) in different varieties of petunia. The vertical bars represent the standard error of the mean. Bars 

labeled with different letters are statistically significantly different from each other at the 5% probability 

level, according to the LSD test. 
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3 %$	^� Dv= ;P=�- M5 C�=�'U 0^)= �'	N 4)L �'� j=��- �' �8-54)L3�5 (	JJN47 48 �E	JJF 87/`= P1 
 P3  48

7927 a.)�" C�=�C � ;2	 /F C�= 48 	"7�/  C
	5� ;2	  �6F)4 (g 	JJk 48 .� (	JJN47 48 �JJ5 P2 
 P4�E	JJF 87/JJ`= �	
3 

%$	^�  '	  7927�C    C�=M5'U�    C
	5��`" ;F78 3478.  ,
\+  7 -'��B  �E	F 87/`= C
	5	
3  %$	^�    (	JJN47 48�JJK*L7   ;JJP=

'U C�=�  7927 �'�C  � -I+�,	 7 48�B 7-F�a /F -w�"  �5�E	F 87/`= C
	5 �7)�+ �' 	
�6� �=7-�.7 �73	
3 7-JJF 48 	JJ!'�a 

M5'U�  " 4	5 �'�8
4  �	�$ 
7 ,/�
8�B   � �5 ;.7��	
	  $	6"�MK	
��  7-' 743  U t'	�" uckg  7-F 48 	!' 
�a  8
/P"� ;   JJ'U� 

" 4	5 �'�/$-' )Shams et al. 2015 .(7 �'�B =-=��]  ���	
	 �E	F 87/`= C
	5 	'79JJ27 
 uJJck -JJ' 8)E t'	�" 95-I= 
 	
�C 

 � -I+�,	  7-F 48�a  M5'U�   	' �*'	!" �'C�= 'U� "�/$�78-� )Aliabadi et al. 2009(.  

  
 )8�4-  !�"#$ %�&' .P��� ��  !�"#$ @���� (K) K�1G-� 4�61  � (!��) 9��' \�F �� .� ��(����� .������  4��/� +�G-�&5 76��4�  

$ 4��6-�"'��T-��2 ����� .6�"�� �
  76� U#G$ !�"#$ V�.3 �� 9���$( .W- H� ,6-��  �1$ L��F  ���4�  ��
68
.T�4 , X&' B��"3� 5% ��  

+�$H( LSD 6-��4 .  

Figure 4- Effect of different levels of water deficit stress on stem height (A) and the number of branches 

(B) in different varieties of petunia. The vertical bars represent the standard error of the mean. Bars 

labeled with different letters are statistically significantly different from each other at the 5% probability 

level, according to the LSD test. 
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Figure 5- Effect of different levels of water deficit stress on root diameter (A) and flower diameter (B) in 

different varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled 

with different letters are statistically significantly different from each other at the 5% probability level, 

according to the LSD test. 
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Figure 6- Effect of different levels of water deficit stress on number of flowers in different varieties of 

petunia. The vertical bars represent the standard error of the mean. Bars labeled with different letters 

are statistically significantly different from each other at the 5% probability level, according to the LSD 

test. 
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Figure 7- Effect of different levels of water deficit stress on electrolyte leakage in different varieties of 

petunia. The vertical bars represent the standard error of the mean. Bars labeled with different letters 

are statistically significantly different from each other at the 5% probability level, according to the LSD 

test. 
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Figure 8- Effect of different levels of water deficit stress on leaf relative water content in different 

varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled with 

different letters are statistically significantly different from each other at the 5% probability level, 

according to the LSD test. 
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Figure 9- Effect of different levels of water deficit stress on Proline in different varieties of petunia. The 

vertical bars represent the standard error of the mean. Bars labeled with different letters are statistically 

significantly different from each other at the 5% probability level, according to the LSD test. 
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Figure 10- Effect of different levels of water deficit stress on Total carbohydrate content in different 

varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled with 

different letters are statistically significantly different from each other at the 5% probability level, 

according to the LSD test. 
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Figure 11- Effect of different levels of water deficit stress on Chlorophyll a (A) and Chlorophyll b (B) in 

different varieties of petunia. The vertical bars represent the standard error of the mean. Bars labeled 

with different letters are statistically significantly different from each other at the 5% probability level, 

according to the LSD test. 
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Figure 12- Effect of different levels of water deficit stress on Superoxide Dismutase (SOD) (A), Catalase 

(CAT) (B) and Peroxidase (POD) (C) in different varieties of petunia The vertical bars represent the 

standard error of the mean. Bars labeled with different letters are statistically significantly different from 

each other at the 5% probability level, according to the LSD test. 
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Table 2- Pearson’s correlation coefficients (r) of the measured factors in various petunia cultivars under 

water deficit stress. 
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1 -0.57** -0.68** -0.56** -0.12ns -0.05ns 0.04ns -0.13ns -0.25 ns 

��."8�� �G-��  

Electrolyte leakage  
 

 1 0.62** 0.73** -0.12ns 0.009ns -0.04ns 0.09ns 0.16 ns 
��"�$� J�- �  ̀ .� K(  

Relative water content     

  1 0.82** -0.30* -0.43** -0.43** -0.30* -0.12 ns 
 9�
�J' a  

Chlorophyll a  

   1 -0.37** 0.36* -0.34* -0.23ns -0.14 ns 
 9�
�J' b 

Chlorophyll  b 

    1 0.76* 0.71** 0.77** 0.80** 
��.?�2  

Proline         

     1 0.77** 0.87** 0.79** 
���.��L��6 )�  

       Total carbohydrate 

      1 0.77** 0.72** 
���.?�'�6 4
 H� ���  

Superoxide dismutase 

       1 0.86** 
 Hd� �� 

Catalase 

        1 
���.?�H�6  

Peroxidase 

ns:  ,���4 ��1$ @6/* X&' �4 ���4 ��1$ :5% ,**  X&' �4 ���4 ��1$ :1% 

ns: not significant. *P < 0.05.**P < 0.01. 
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Abstract 

This study investigated the effects of water deficit stress on the growth, physiological, and 
biochemical parameters of four Petunia cultivars: 1. Iranian Petunia (P1), 2. Hybrid Supercascade 
White Petunia (P2), 3. Hybrid Grandiflora Frost Blue Petunia (P3), and 4. Hybrid Grandiflora 
Crimson Star Petunia (P4) under different levels of water deficit (90%, 60%, and 30% of field 
capacity). The experiment was conducted in a factorial design with four replications in a completely 
randomized layout. The results showed that water deficit stress significantly reduced the fresh and dry 
weight of shoots and roots. The greatest reductions in shoot and root fresh and dry weights were 
observed in cultivars P4 and P3. Under severe stress conditions, stem height in cultivars P1 and P2 
decreased by 40.4% and 43.3%, respectively. Moreover, the number of lateral branches in cultivars P1 
and P3 increased under moderate water deficit stress (by 24.4% and 42.9%, respectively), but 
significantly declined under severe stress. Water deficit stress also significantly reduced root diameter 
in cultivar P3 (by 48%). Severe water stress decreased both flower diameter and the number of 
flowers in all four cultivars, with the greatest reduction in flower diameter (22.97%) observed in 
cultivar P4 and the highest reduction in flower number (72.3%) recorded in cultivar P1. Electrolyte 
leakage increased under severe water deficit stress, with cultivar P4 exhibiting the highest electrolyte 
leakage (36.1%). Leaf relative water content decreased under drought conditions, with the greatest 
reduction (24.4%) observed in cultivar P4. Proline content reached its highest level in cultivar P1 
under severe stress conditions (2.24 µmol g⁻¹ fresh weight). Total carbohydrate concentration 
increased in cultivars P1 and P2 under severe stress (by 21.6% and 19.5%, respectively). Chlorophyll 
a and b contents decreased under drought conditions, with cultivar P4 showing the lowest chlorophyll 
b content (0.53 mg g⁻¹ fresh leaf weight) under severe stress. Superoxide dismutase (SOD) activity 
increased under moderate stress in cultivars P1, P2, and P3 (by 34.45%, 52.5%, and 24.9%, 
respectively), but showed no significant changes under severe stress. Catalase (CAT) activity 
increased in cultivar P1 (by 29.5%), while it decreased in the other three cultivars. Peroxidase (POD) 
activity was highest in cultivar P1 under non-stress conditions (5.65 units g⁻¹ fresh weight) and 
further increased (by 9.6%) under water deficit stress. Pearson correlation analysis revealed that 
proline and total carbohydrate contents were positively correlated with antioxidant enzyme activities, 
and chlorophyll a and b were closely associated with each other. Overall, cultivar P1 exhibited the 
highest drought tolerance, followed by cultivars P2 and P4, respectively. 
Keywords: Antioxidant enzymes, Growth parameters, Photosynthetic pigments, Carbohydrate. 
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