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Abstract 
Biotic and abiotic stresses lead to the production of reactive oxygen species (ROS) in plants, damage to the host plant, reduction of its 
strength, and sometimes plant death. Cut flower rose is one of the most popular ornamental plants, suffering from crown gall caused by 
Agrobacterium tumefaciens. In order to investigate the activity of some antioxidant enzymes and physiological characteristics in two 
cultivars of cut roses, A. tumefaciens inoculation was performed as a factorial design in a completely randomized design with three 
replications at the time of grafting by stenting method in Shahrekord university research greenhouse in September 2020. Treatments include 
contamination (Agrobacterium suspension inoculation and water inoculation) as the first factor and cultivar treatment (Angelina and Pearl) as 
the second factor. Three months after grafting, results show that the effect of cultivar/infection interaction has significant effect on ion 
leakage, proline, and guaiacol peroxidase at the level of one percent probability. The highest levels of soluble sugars, MDA and protein are 
observed in infected samples, 298.6 (μg/g Fw), 488.6 (µmolg-1 Fw) and 36.7 (mg/g Fw), respectively and the highest RWC and leaf area in 
healthy samples are 68.5% and 21.5 (cm2). In this study, inoculation of the crown gall lead to active oxygen species and oxidative stress, 
causing some changes in lipids, soluble sugars, and total protein. 
 
Keywords: Agrobacterium tumefaciens, antioxidant enzymes, biological stresses, crown gall, Rosa hybrida. 
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�#�� MDA( �'�U�*# .�1 
�	* 8�����E 2" ��I7� 

�� F�& Bradford )1976( Q���# .�1 �	7	� '&#����*# �� 

�
'�J� �UB( 5( 10( 20( 30( 40( 50( 60( 70 ������4�� 

�# ��I7� 8�����E '&#����*# T	E) �I��Q�� 8���6�+ Q�* 

���� &' T	E �I������ ���� �#�H�*# 8�����E 2X ��1 � 

&' ���' 20- �b&' ����*'#�� �&#�MK� ��('�1 =*& 

.�1 �� =*& �	7	�  ��*��& � �� 9*'  '&�+ ��'��� i3 

98/12 -x  92/212= y � 97/0 R
2
= � 96��  '#' 5pb 

&�:���� �� �	7	� ('&#����*#  #,�� 9uI� 8�����E &' 

���:��� �� 9*' .��+  

  

-.*( ��/�� 0
12�� /#!+3  4
$
�  

�#�H�*# ,�+
= �f���" �# 9��� ����� �� F�& Abei 

)1984( Q���#  .�1 #���# �� ?
 � 95 �I�� ���� ���� -�U�� 

?
 =�' &f�� )7=pH(( 100 ������4�� 5+ ��!��"# 264 

�I�� &f�� �'�,�#  .�1 SE �#  '�,�# 50 �����4��� �&�DA 

����� 5pb ��IH� �� 9*' ���+ �� -�� 100 ��Y�� ��) 

2B#�� T	E ��Y�(� &' ��; ��� 240 ������� �� �'�U�*# �# 

��K�*' ���������4R*# ���) PG instruments T80+( 

93�* ( ���IK�# 9�#�.  .�1 SR* �����9 ,�+
= �f���" 

}�*#�� �W�#& )4( �6*�7� �1 )Narwal et al., 2009(.  

 �W�#&4 (       CAT (mmolH2O2 minute
-1

 mg
-1

protein) =  

(ΔA240 /Δt) Vmix / ƐdPVextr 

ΔA=  #,�� (5pb Δt=  ��� 
	"#� ((�J�.') Vmix= =�X 

�
�M� 
	"#� ((����) Ɛ= )
�o �1���3 5+ ��!��"# &' 

240 ������� �" ��#�� 9*# �� )mM
-1

Cm
-140(( d= ��	ME 

-�" ����*) ((��� P= 9uI� 8�����E &' ���:� )mg mL
-1(، 

Vextr= =�X ���:� �� ���&&�" &' 

���+ �I��) .(����   
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3+/#! 5��
+
6  ���"���% )GPX(  

�#�H�*# =
,�+ ��"�
�� �#���"#�E �# 9��� ����� �� F�& 

Mac-Adam et al.  )1992( Q���#  .�1 #���# �� ?
 � 35 

�I�� ���� ���� -�U�� ?
 =�' &f�� )6=pH(( 100 

������4�� ��"�
�� 45 �I�� &f�� �'�,�#  .�1 &' ��#'# 500 

������4�� 5+ ��!��"# 44 �I�� &f�� ���o# �1 � SE �# 

 '�,�# 50 ������4�� �&�DA (����� 5pb ��I7� �IB��d� 

&' ���' 25 �b&' ����* '#�� � ��-�� 300 ����Y ��) 2B#�� 

10 (����Y &' ��; ��� 470 ������� �� �'�U�*# �# ��K�*' 

���������4R*# ���) PG instruments T80+( 93�* 

( ���IK�# 9�#�.  .�1 SR* 9����� =
,�+ ��"�
�� �#���"#�E 

}�*#�� �W�#& )5( �6*�7� �1 )Narwal et al., 2009(.  

 �W�#&5 (GPX (mmol tetraguaiacol minute
-1

 mg
-1

protein) =   
(ΔA470 /Δt) Vmix / ƐdPVextr 

  

ΔA=  #,�� (5pb Δt=  ��� 
	"#� ((�J�.') Vmix= =�X 

�
�M� ((����)
	"#� Ɛ= )
�o �1���3  �1���"# ��"�
�� 

&' 470 ������� �" ��#�� 9*# �� )mM
-1

Cm
-1 6/26(( d= 

��	ME -�" ����*) ((��� P= 9uI� 8�����E &' ���:� )mg 

mL
-1(( Vextr= =�X ���:� ��  ���&&�" &' 

���+ �I��) .(����   

8
# 

���+ �� -&�B 2
&��"�� &' )��. C�; ed��" 

��'�D� �� �* &#�4� Q���# �1 � �
,�� � 2�I7� �'#'��� 

�� 9*' ���+ �� Q�� &#,�# �&��+ SAS �H��) 2/9( � ��
�J� 

8�K������� -#�Y# 2��J�� �� Q�� &#,�# �&��+ MSTATC 

�H��) 1/1(  ���+ LSD &' VW* T	E �B&' Q���# 

.9���  

  

3. :+
�# 	 ;<�  

}�*#�� T
��� �
,�� S��
&#� ���b) ��� 1 � 2(( l�� 

=.& �� -�UB �#��7� �6�� 5+ /�� � VW* /�� &' 

VW* ��:�X# T	E �B&' �Y# �	��&#' � �� -�UB 9L� 

(���
 9����� =
,�+ ��"�
�� �#���"#�E � �f���" &' VW* 

��:�X# ?
 �B&' �Y# �	��&#' ��1#' .9*#   

���X&'�
�� &�:�� �" �#��7� -�UB �� ���"�� ���"

 (��I7� ����	. (/�� VW* (���
 9L� (/�� 5+ �6��

  #,��MDA ��:�X# VW* &' �#���"#�E ��"�
�� � 8�����E (

�	�� �B&' ?
=��� .�1 &#'  (���"��) ��'��+ � =.& 
	"

 VW* &' �#���"#�E ��"�
�� � 8����E (���
 9L� -�UB ��

�	�� �Y# �B&' ?
 ��:�X##'���b) 91#' &  ���1 �2.(  

 ���b) ��&�:�� �4� -#�Y# 8�K���� ��
�J� T
���3 (


�� (=.& l�� &�:�� &' �" '#'  �L�  �#��7�  #,�� 8
��

) /�� 5+ �6��RWC =.& &' (Pearl ) 8�K���� ��84/67 (

=� .�1 ����L� �
�� &�:�� &' 8�	<
�� ���"�� ���"  8
��

 &' /�� 5+ �6�� �#��7�  #,�����:�) =��* ���50/68 (

 .�1 ����L� 

  
I�/J 1. L*�47 �*+MC N7�*�#� !O# �����	.C >5� �E.PM7=) � (I!.� � �F�'�= �*��)�
'" �!4"�
 � �*�� �
'" (Q= !
 �#'4�� �2?7 

Q= R!
& @�7 &�7'* ST- &R!
 &$.��!� 0#+.� ���/E5 I'P�� � 0'�����/.�/�=  

-#���c� a��	�  
 �b&'  
�'#�+  

-����� 8�K����  

/�� 5+ �6�� �#��7� )RWC(  ���
 9L�  /�� VW* 8����E  ��I7� ����	.   �����'�����+ 

=.&  1  *51/312 
**67/471  *68/162  629/11 

ns 01/288 ns 15/42148 
ns 

��'��+  1  **76/398  **61/629  **010/286  211/19 ns **6/21052  **1/121830 

=.&× ��'��+  1  ns37/54  **76/1031  369/20 
ns **707/93  4/2175 ns 28/14895 

ns 

�W3  8  60/45 800/28  984/19  32/7  07/2016  04/9072 

CV %    76/10  26/10  84/26  6/22  49/17  55/24 

:n.s !.U �E,�&�#� * � ** �
 W.C!C �E,��#� �� ST- I�	41# LE� � <* ��/�.  
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 I�/J2. .)X�C�" � )#/.?"#!� I'"�*�F &$.YC�!� !
 �F�'�= � >5� !O# N7�*�#� �*+MC L*�47 

-#���c� a��	�  
 �b&'  

�'#�+  

-����� 8�K����  

8�����E  �#���"#�E ��"�
�� �f���"  

=.&  1  873/83 ns **00019/0  ***1138/0   

��'��+  1  **91/319  ***0015/0  0003/0 ns 

=.&× ��'��+  1  927/97 
ns **00067/0  00018/0 ns 

�W3  8  80/35  22/7  0005/0  

CV %    97/18  56/14  96/19  

:n.s �E,� !.U�
 ** � * &�#� �E,� W.C!C�� <* � LE� I�	41# ST- �� �#�./�  

  

 I�/J3 !
 �F�'�= � >5� [#!O# .RWC &I'P�� ���/E5 &R!
 ST- &MDA.)X�C�" � \" $.YC�!� &  

&�:����    
RWC  

)%(  
/�� VW*  

)2cm(  

 ��I7� ����	.  

μg/gFw)(  

MDA 

µmolg-1 Fw)(  

2" 8�����E  

mg/g Fw)( 

�f���"  

)mmol H2O2 minute-1 mg-1 protein(  

=.&  
Angelina  63/57 b ±  19/0  33/20 a±  21/0  62/261 a± 45/1  60/328 a± 85/2  179/34 a± 17/0  209/0 a± 00076/0  

Pearl  84/67 a ±  26/0  97/12 b± 10/0  82/251 a± 71/1  13/447 a± 32/4  891/28 a± 24/0  014/0 b± 00011/0  

���"��  
=��*  50/68 a ±  26/0  53/21 a ±  17/0  83/214 b±

 92/0  10/287 b± 15/2  37/26 b± 18/0  117/٠
a± 00281/0  

�'��+  97/56 b ±  15/0  76/11 b±  11/0  60/298 a± 24/1  62/488 a± 46/3  70/36 a± 16/0  106/0 a± 00268/0  

$.]7�.� &0'4- !� ��  0'�)= �� ^!4�� _!1 �#�#� \��3 !� �
 `'
!� ���LSD �E,� _a4(# /��� LE� ST- ��./7�#/7 �#�   

  

RWC �K��6:� �U	� &' VW* ��:�X# ?
 �B&' �� 

8�����E )67/0 -=r( � ��"�
�� �#���"#�E )69/0-=r( 

 �L� .'#' 9L� ���
 �K��6:� �U	� &' VW* ��:�X# 

?
 �B&' �� VW* /�� )73/0-=r(  �L� '#' ���b) 4.( 


��" �#��7� �6�� 5+ /���� �� Q�MU� 
��"  #,�� 

5+ ���� 9*# �" �� 
��" 5+ &' ��I*��� (����� 

��	� �� k.���  �1 -�:��J� ���I* ��1 � 
��"  �� 

Q#��# �
#�� � �L
& �& ��.��' =� 8�	< ��	� �� 

����  �1 ����& �� � Q�A '�&� �' 8��"���"# Q�f �#�� 

,�	�*��� ��'�1. 	��8
#�� ef�:�X# �4
 �# 2
f' 
��" 

 #,�� �1& &'  ����� 97� 
	� (���"�� 
��" �#��7� 

5+ �6�� 9������ ����� .9*#  

�#��7�  �6�� �
��#�� �	�� �� (���� ��f�� 5+ ���� ��f��

 �
'�J� vUX &'9*# 
	� i
#�1 &' 5+ .�#��7�  �6�� 5+

f��  � �,:*# =�u	� 9�I��. h
�; �#
�  &' �L
& �
��#��

 2B�X 5+ 5pb�� '�1)Chhabra et al., 2020 T
��� .(

 =.& &�:�� &' �" '#'  �L� �o�X 
��!E 8
# �# 2B�X


��  8
��RWC  =.& &'Pearl 
�� ��'��+ &�:�� &' �  8
��

RWC���:� &' (���  k.�� 2
f' �# �4
 .�1 ����L� =��*

���:� �1& 
��" ��� #& �'��+ ���  
��" �# �1��  #��

�� .9��#' 5+ �6�� �#��7� �� �u�
	� �*& )b�� ��

��4
'#& '��
# h
�; �# 9�����4�# 9L� 

#,�# '#�+ ���

 9L� 

#,�# � �L� �&#�
�E 
��" (��I* 23#' &'  !��"#

 �# �:*dE���* '#����  +) ���1Azari et al., 2012( &' .

�
��) 
	� �Y#  

#,�# 9�����4�# 9L� ((Q�
��"�����# ���"

=" 9�����4�# 9L� ��#��� �" ����� �� 8
#���	� 9��
  ���

�� �
 (�1�� ��1#'  #& ���I* ��L� �# 9s�UX �K
' -&�6A

Q��J� Q�
��"�����# �� 96�� (��' Q���# ��M� .9*# ��  
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T
��� 
��!E �o�X  �L� '#' 
�� ��8
  #,�� 9L� 

9�����4�# &' Angelina �'��+ �� ���"�� ��
' �1 ���b) 

5.( =�  8�	<}�*#�� T
��� ��
�J� 8�K���� &' &�:�� l�� 

(=.& 
�� ��8
 VW* /�� &' =.& Angelina 8�K����) 

33/20( � &' &�:�� �
�����" (���"�� 
�� ��8
 VW* 

/�� &' ���:���� =��* 8�K����) 53/21( ����L� �1 

���b) 3.( VW* /�� �K��6:� �U	� &' VW* ��:�X# 

T	E �B&' �� MDA )60/- r=( � �K��6:� 96�� &' 

VW* ��:�X# T	E �B&' �� �f���" )60/0r=(  �L� '#'.  

=� 8�K���� ��
�J� ���b T
���   #,�� �" '#'  �L� 8�	<

 =.& �' 8�� =.& l�� &�:�� &' ��I7� ����	.Angelina  �

Pearl �	�� -��U����X&' ('#��  �L� �&#'  &�:�� &' �"

�
�� 
�� ���"�� ���"  &' ��I7� ����	.  #,�� 8
��

���:� ) �'��+ ���60/298 ���b) �1 ����L� (3  #,�� .(

. �B&' ?
 ��:�X# VW* &' 96�� �K��6:� ��I7� ����	

) 8�����E ��71/0=r) �#���"#�E ��"�
�� � (80/0=r  �L� (

 ���b) '#'4���	. .( 
�E ��* ,�	* 9���������� �
���Y 

(�'���� (�	��� 8��4�#����(�� 2	�(�� 8�	K�� � ����" .�	��� 

  

I�/J4. �]4?2	� [��� �)#/7# �!.F .�/
  

9UB  

R
W

C
  

9
L�

 
���


  

VW*
 

/
��

  

�
���	.

 
��I7�

  

8�����E
 

2"
  

M
D

A
  

G
P

X
  C

A
T

  8
����E

 

RWC  1                  

9L� ���
  134/0 ns 1                

VW* /��  084/0- ns 
**734/0-  1              

����	. ��I7�  ns382/0- 186/0 ns 507/0- ns 1            

8�����E 2"  **676/0-  ns044/-  ns346/0-  **718/0  1          

MDA  457/0- ns 373/0 ns 
*601/0-  ns521/0  *585/0  1        

GPX  **693/0-   ns046/0- 333/0- ns **801/0  **859/0  543/0 ns 1      

CAT  512/0- ns 483/0- ns 
*600/0  ns037/0-  210/0 ns ns

 457/0-  ns224/0  1    

8����E  417/0- ns 412/0- ns 203/0 ns 330/0 ns 282/0 ns 098/0 ns 
*645/0 325/0 ns 1  

:n.s �E,� !.U�
 ** � * &�#� �E,� W.C!C�� <* � LE� I�	41# ST- �� �#�./�  

  

I�/J 5. >�!
 DE" >5� � �F�'�= !
 @�7 @.��!4b�#& $.��!� � I'"�*�F )#/.?"#!�  

&�:�� =.&  &�:�� ��'��+  9L� 9�����4�# )%(  8����E )mg/L(  ��"�
�� �#���"#�E (mmol/min mg) 

Angelina  
=��*  51/29 b± 66/0  4/14 a±  18/0  03/0 c±  0005/0  

�'��+  55/62 a±  32/0  41/11 ab±  38/0  0375/0 b±  0005/0  

Pearl  
=��*  59/60 a±  33/0  91/6  b±  18/0  0069/0 d±  0019/0  

�'��+  54/56 a±  53/0  03/15 a±  15/0  0443/0 a±  0001/0  

�� !� 0'4- $.]7�.� ��� `'
!� �
 !� \��3 �#�#� _!1 ^!4�� �� 0'�)= LSD �� ST- LE� /��� _a4(# �E,��#� ./7�#/7  
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��4������ �	. 
J� �:M� &' '��
# 9���J� &' 

��#�� �I:X  @���E ��  ����� ��&#'. ����&�:�� 84:� 9*# 

�� )�*+ �4
,�� �� ��K�*' ,�	*��� �
 �� '��
# �d�3# &' 

������� (�4������� -#���c� �#��7� �	. &' ( ����� 

9���s ,�	*���  ����� #& 2�H� �	" )Murria et al., 

2018.(  #,�� ����	. ��I7� &'  ����� 97� �I:X 

2�#�A ��&�:�� ���c� ���	" � CdB# ��'�1. VW* �	.�� 

�� q�D�  + �� �#�� (�@��# q#��# �&��3�* � 5pb 

i*�� 2�#�A �&�:��#� 
��" ��.���
 
��"  #,�� �	. #& 

��  #�� �� 2��' 2
�6� 27� ��'��+ �� ?
 ?	�* V�o�� '#'. 

&' 27� ��'��+ ���	. �� �I�*� 2��A ��&�:�� ����� �����1 

�  #,�� �	. �'�
� �#�� l��1 
	"#���� �A��' �	��� ,�	* 

2�	� ������E��E�� �
 2	��� �
 ,�	* 8�����E��� i6��� �� 

��&�:�� .�1�� -�1 SU	� &' 27� ��'��+ 

#,�# �����
 

)Morkunas & Ratajczak, 2014.( 

������� ?
 �	. �4�# 9*# �" �� �I�*� 
��" ���� 

��" �
 ����+ �# �	. 241 ��.'��� 8
# �'�� 
J� �:M� &' 

9���J� �� �&�:�� &'  ��� 
	���� ���� � ������� &' 

241 ������� ���@�&���' )MTD( ?
 =
,�+ �4�������" 

'&#'. ?
 �@�����
#  ��� �� �	" �" ������� ��  '�"�&�b 

���� ��� 5�H� 
	"#�  !��"# )ROS( �" &'  ��� 
	� 

��+ 2�4L� ��1��# )b�� 
��" �Y# 
	� ��'�1 

)Chhabra et al., 2020.( &' 
��!E �o�X 
�� ��8
 

 #,�� �	. &' &�:�� ��'��+ &' Q�.&# �'��+ �� ���"�� 

����L� �1 �" �� ���:���� =��* -��U� �	���&#'  �L� 

.'#' 

#,�#  #,�� ����	. ��I7� &' &�:�� �
�����" 

���"�� &' 
��!E �o�X #& ��  #�� �� 9Mb vUX 

��
&f�:*# � qpX ROS �1�� �# 
	� 96�� .'#'  

}�*#�� T
��� ��
�J� 8�K���� �Y# &�:�� l�� =.& �� 

 #,�� MDA &' Q�.&# Angelina � Pearl -��U� 
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