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Abstract 
Daily temperature fluctuations can affect the presence or absence of weeds in the environment. Centaurea balsamita Lam. is an annual 

plant that invades fallow and steep lands. Understanding the factors affecting the germination of this invasive plant can provide the 
baseline for the management theme. In this regard, in order to evaluate the effect of intermittent temperatures on germination of 

Centaurea balsamita, a completely randomized design with six replications in vitro was conducted in the Department of 

Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad. Temperature treatments were alternating day / night 15-5,  
5-20, 20-10, 25-10, 25-15 and C° 30-15 for 12 hours a day and 12 hours a night. The measured traits included germination percentage, 

germination rate, seed vigor index, root length, shoot length, root and shoot dry weight, germination energy, germination uniformity and 

seedling vigor index. The results showed that intermittent night and day temperatures showed the highest germination rate at 5-15 °C. 
The highest percentage and rate of germination (83% and 8.9 seeds/day) were in the intermittent temperature of 5-15 °C and the lowest 

(59% and 6.5 seeds per day) in the intermittent temperature of 15-30 °C. The highest values of root length (97 mm), shoot length (30 

mm), root fresh weight (19 mg) and shoot fresh weight (52 mg) were obtained at 15-30, 5-15 °C, respectively. Also, the highest value of 
the seedling vigor index (7.75) was related to the temperature treatment of 5-15 °C, its lowest value (5.2) at an intermittent temperature 

of 10-25 °C. Also, the results of this experiment were in agreement with the reality of the germination of this plant (germination in 

November with moisture condition). Based on the results of the present study, considering that November is the peak time for the 
emergence of this weed in Mashhad, it is suggested that in order to perform better control and reduce the use of pesticides and 

consequently reduce financial and environmental costs, chemical control this weed is done at this time. 

Keywords: Germination rate, root, shoot, seedling vigor  

                                                 
* Email: asadi@um.ac.ir 



�/��� �F�� `#�* �3 T
��!��/� "���(��� E��� I�...   �C( / '��1� �=3 ��
�� 
 E�C  "1���10 ���S* /3  L,1�> /1400  

122 

�.�-.  

I�E���1 BC ��M/� �� �M	� ������M# '����3�M!�2% 

"N�	 �3 "��J�1 _�V "3 �	�� ��80 -30  ����� "M� �!S,!��M	

�� "N�	 �1e�3 "S,� �� ��C3 ���	 T�h��� R1��a "N�M	 .�*�3

n�3 .o�� '
�3 %��,Y2 p�� "3 '� 0�3�h��� 
 �M3� �/

o�MM� �MM3 %"MM����� ����� �MM1 m�MM] %bMMa�� ��,MMJ3 ��MM/

n�3 
 ���M�q> �/�MC� '�M�� �� %�M���� o
� ��,1�M> ��/

�MM� bM�#���MM* )(Wagenitz et al., 2006  ��MM,� RMM1�

 K�MM^��� "MM3 ���!MMJ1�30  �MM�120 �!��MM	 
 $MM1� �MM&��� �MM!�

[,*�� ���N O(��� ���� �� ����/�.  "C,M	�3 ��,� R1� �,r��

�� �=3��/���� �� ��,� R1� .�*�3  %'��M1� %"M,��� %"1��M	


 '�!J��s� '�,� �� '�!J�S���) �L��� ��,	� $����> ('�*

���� )Rechinger, 1979 ;Wagenitz et al, 2006;  

2001 Ghaffari and Shahraki, �� .(C. balsamita  
�

�1�  "M��� �1� ��1 :���� ��(
 "���balsamita  �M�1 


"��� �1� kermanensis.  

�� ��� "���( $M1
� ����M� R,M,h� �� �S�� $g� ���

"MM����� �MM^1� �/�MM,� ��/ "MM���� '��MM3 ���!MMJ� .�MM��

������,���/ "���( ���3 �i,H� ��Mg3 ��M�/�� �
=M3 ���

"���( '���� "� �	� �S�� o�# �=3 b��3 �� ��t3 ���

�M� O/��M �Mi,H� G1��M* �� �h,	
 "���� �H� ����
� 

)Zhou et al., 2005.(  R1�M!S�� �M�� %_�M!h� �2��M� ��

"MM���( �MM3 ��=MM��,Fu� IMM�� BMMC  �
=MM3 ��� �MM	� ��/

)Forcella, 1998 .(M	 ��/��� IM1�
� �� 
 '�!MJ�� �MV ��

'� lQ� "3 
 "!^#�,v �
=3 OJ,��3�!� �� ��a�/ ���3 "���( ���

�� ��,��C( ���� �#�3 �=3 ��!^# B,^t� [Q	 �w�� %���

"����� L,� �/ [Q	 ���3 �V E�� ���� %��1� ��	 �� .��*

$���
 bMM1�H� 
 OMMJ,��3�!� $1�LMM� �1�,S,MM*�,3 ��MM/

"���( ���3 ��
�&3 ��� �M�!^# BM,^t� 
 "M!^#�,v �
=

"M��� �#�3 �
=3�� �/.��M* "M���( GMg �
=M3 �M#�3 ���

                                                 
1 Centaurea balsamita Lam. 
2 Asteraceae 

 ���M2 �� %�	� "�,S� �2 b1 �� ��� '��3 �!�,3 "3 P
���

 ��M,� "M���
� �����2 0���	�� "3 '� �3 �
X  �
=3 ��1� "�

"��� R1� ���3 .����� �S�� $g� �����2 0���	�� '�L,� %�/

�^1� ��!^# $/�� �� ���M�� )Baskin et al, 2000.(  �M3

 jM,gH� d1�MM!� )�M	�'�MMggH� )Abbasian et al, 2017 (

"MM���( _�MM�1���� ��MM/��� (�r���MM2 
 T�MMCi� %"MM1�>) �MM��

I� [M,��� "3 E���44/1 %8/22  
4/38 �!��M	 "M(�� ���M�

"���( �e�3 ��!J� ����� '�,3 '�ggH� R1� R,�cS/ .��3 ���

) ��,� R1� �
=31  ��39 �!��	 "(������ R1� �1����� �� '��� (

 
 T� G1��M* �� 
 BMC!t� _�MY �� $M1
� ���M3 "���

�� K��!� �1��/.�*�3  

 
 ���MQ� �M3�F 0��M] "3 ��� �h,QV �� "��1� I,�� "3

 ��M(
 �
� 
 [* BC!t� 0� �	 �V �� �1��� 0���	��

"���( %���� x� T
�M�!� ��/��� �� �h,QV �� '�/�,� ���

���"���( "h��i� I,�� R,S/ "3 .�/ �� �!MJ1�3 '�/�,� ���

 P�MQ��� R,MS/ �� .��M* �M	��3 �1�M�� BMC!t� 0���	��

 [M* T
�M�!� ��/��� �,F�� �3�1��� ��y�� "3 �&�2 "h��i�

"���( �3 �
� 
I� ���.�* E�Z�� E��� 

F
� 
 ���.��  

I�R1z���/ I� ��* b�# _�M	 '�!MJ3�� �� E�M��

1392 "V�H� �� ) ���� �	
�� ������� {1��> lMN�
 ��

 �1�MM,��s( |�MM ˊ18 ◦36  �1�MM,��s( _�MMV 
 ���SMM*  

ˊ31 ◦59  "MMJ,� IMM#�� �� 
 ��MM( ����MM� "MM��3 �� (�MM3�v

 �
=M3 ���M�1���� �� .���* Ig!�� ����1���� "3 ��,!	X>

 I#�� �� �!	� 0��] "3IM�RM1z��M/  ���MJ��> 
 ��M(

 "!MMJ3�	 ��,!MM	X> m
�MM} �� 
 ��MM* ~�MM�� ��MM�� ��

 ~��� ���� G	�!�)C°20 ����M��� $1�M��� K
�M* �M� (

lS( .���* "M� ��� 0��] ���/�,� �� Gg �=3 ��
�

"M���( ���3 �3� ��,�'� �M*� 
 �M�� T� GM	�� GMg �M/

"���( �J� .��3 ��* R,�u� '���33 ��� " �� '�M�,SV� ��y��

"MM���( G,MMH� ��MM�� �� "MM,��� ��MMN ��MM(
 
 T�MMCi� �MM��

) �
�225 �!��	 "(�� jM,gH� �CM]� �J� ����� 
 (����



	�Q '����S/ 
 '�,    �C( / '��1� �=3 ��
�� 
 E�C  "1���10 ���S* /3  L,1�> /1400 

123 

 ���M3 T��M# �MN� �
=M3 "M� �M* `t�� 
 ��� E�Z��

��.�*�3 I� "��� ��L/ '�
 E���243/6 .��3 E��  

 $1���� R1� �M3 T
�M�!� ��M/��� �MF� "h��i� ��y�� "3

"���(I� ���WX��M� U�MV "1�> �3 E���  $M* �M3 ���MY�

 ���MM����� �����MM�1� MM� �
����MM�����
���  ���MM����

 ��M�� �M	
�� ������� ���
��� _�M	 ��1392  E�MZ��

 .�MM*OMM1�� �
�/[MM* �1�MM�� '�MM	�� ��MM/15-5 %5-20 %  

20-10 %25-10 %25-15  
30-15 �!��MM	 "MM(�� ���MM� "MM3

 0��MMMM]12  
 �
� � �MMMM	12 ��MMMM3 [MMMM* � �MMMM	   

)Asgarour et al., 2014 ;Sarani et al., 2019 ( 0�M*

� �1��*
� %�/�����,��� �120  lM3�� �!� �3 '��� _��
��,�

.��3  �Hi	 ���^ �& �� {>25  =Mv�� "M1e 
� �
� �=M3

��!> '
�� ��MM]$1� �MMiN �MM3 ��MM/9 �!��MM	 ���� ���MMN �!�

 0�M� "M3 �
=M3 %�Hi	 ���^ �& ���3 .���*5  �� "Mg,N�

 _�CH�1  �� {> 
 ���* ���� ���N O1�	 �1�C���,/ �]��

�� "MM	 �� '� E
� �
� �� .���MM* "!MMJ* �MMig� T� �MM3 "MMC2

"���( 0� XV� �QF $1���� "���
� 0��] "3 ��� ���!�� ��

 $1�M��� ��
� .�MM�� 0��MM]"MM�1� o�MM� k
�MM# �� "a

 �=M3 "!	�> ����M�� "M32  �M!S,C,�"M���( ��M,h� '��M�  "M3 ���

�* T�JH� )Al-Ansari. and Ksiksi, 2016( . <��SM*

 �� �/�=314 "���� �
� ��1  )Asgarpour et al, 2015(.  

����� �?��*�61  

"���( �]�� $1���� ��!�� �� "M���h� �� ���^!	� �3 ���

1 �* R,,h�)Al-Ansari. and Ksiksi, 2016(.  

 "���h�1  100)/( ×= ∑ NniGP 

 "���h� R1� ��in  
 ��� "M���( ��/�=3 ���h�N  ���Mh�

.��3 ��S,� �/ ��/�=3 I�  

��� G��8��*�62  

������"���( � �	 ��,� �M3 (�
� �� �=M3) �
=M3 ���

 "M���h� �� ���^!	�1  '� �� "M� �M* E�MZ��iS  �
=M3 ���Mh�

"���( 
 <��S* �/ �� ���iD  �
� �� <��S* �
� ���h�n 

���*�3and Jones, 2002)  Grundy.(  

 "���h�2    

���� H�I) �J�� 5 ����<�8 H�I ��B
 ��B �6

K�0�����<�8 
 �B(�B 12  

"�1� _�V $1���� '�1�> ��"N�	 
 "a $� G# �3 "a

������"M�1� bM�# '�
 R,M,h� ���M3 .���M* ��,� 
 "Ma

"N�	 �� {M> 
 ���M* "!MJ* �Mig� T� �3 �/ "��S� ��!3� "a

"�1� '��� ��("N�M	 
 "a'� �M� '�
 "QM	�H� 
 "Ma %�M/

� �3 '
� �� %b�# '�
 "Q	�H� ��( 0���2 "(�70  "3

 0��48 �!��	 "(�� ���M� '�
 .���M* ���� ���MN � �M	

"M�1� �M� 
 b�#"N�M	 
 "Ma �
���M� �� ���^!M	� �M3 "Ma

 �MMN� �MM3 �/��MM�1����001/0 ����MM�� E�MM� .�MM* ��MM,�

"�1� _�V R,�cS/"N�	 
 "a 
 b�# '�
 R,�cS/ 
 "a

"�1� ��"N�	 
 "a"M���( ��/�=3 ���S� R,���,� �� "a� ��

.��� �	�3 $1� ��!> �/ ��  

�J�� 5 � �� /0��3  

 "M���h� �� "Mc/�,� "M,�3 `#�M* "Q	�H� ���33  IM1z

) �* ���^!	�, 1973 Abdul-baki and Anderson.(  

 "���h�3  Si= (GP × LSh)/100  

 %"���h� R1� ��GP "���( �]�� 
 �M��LSh   R,���M,�

�C,�) "c/�,� _�V.��3 (�!�  

����� *20���A��6*4  

"MM���( �!#��MM��1 "MM����3 �� ���^!MM	� �MM3 �MM��Germin 

 "Q	�H� �M*(Soltani et al, 2001) . ���M3 "M����3 RM1� ��

"MM���( �!#��MM��1 "QMM	�H�"MM���( �MM�H�� ��MM!3� %�MM�� �MM��

 %OM	� (� �	 [J2 �3) '��� I3�g� �� ����� �/ �hSZ�

                                                 
1 Germination Percentage 
2 Germination Rate 
3 Seedling Vigour Index 
4 Germination Uniformity 



�/��� �F�� `#�* �3 T
��!��/� "���(��� E��� I�...   �C( / '��1� �=3 ��
�� 
 E�C  "1���10 ���S* /3  L,1�> /1400  

124 

'
�� <
� �� ���^!	� �3 {�	 �� '�M�� 0�M� �Mi# �3�M1

� �M� �*�� "M� ���M�10  
 �M]��90 "M���( �M]�� �M��

�M� "QM	�H� �!^,3 ~�^��'�M�� RM1� .��M* "M3 [M,��� "M3 �M/

 0��MM]10D  �MM�90D �MM� ���� '�MM�� �!#��MM��1 .��MM*

"���( �� '�,M	� '�M�� I&�^� ��h1 ���10  "M���( �M]��

 "3 ���90 "M���( �r���2 �]��) �M��10D-90D "Ma �M/ .(

"���( �!#����1 ��  �M!S� �M�� �!M�,3 �!#��M��1 %�M*�3

 �	�(Soltani et al, 2001).  

����� /0��*�61  

 )�	� �3 "M���h�4 )Razagh Yadak and Tavakkol 

Afshari, 2011( "���( `#�*:�* R,,h� ���  

 "���h�4  
GI= (7n1+6n2+5n3+4n4+3n5+2n6+1n7)/(7×N) 

 '� �� "M� n"M���( �
=M3 ���Mh� 
 �
� �MM/ �� ���N 

 �=MM3 IMM� ���MMh�"MM���( `#�MM* .��MM3 <
� bMM1 �MM��

 "a �/ .�	� $�� G1��* �H� �=3 0��N ���3 �Y,t��

b1�L� b1 "3 ���� �	�3 ��  �M1 IMSH� �=M3 %�M*�3 ��

 �MM*�� �MM/��# ��MM(�� $�MM� "MM3 ��!MM�,3 ������MM	

)Daneshmandi and Nabavi Kalat, 2015:( 

���� I,CH� 
 "1LZ� �� IQN l1��� '��3 _���� �,h&
 �/

�����/E�M� �M3 $1�M��� ���LM� Sigma plot �M* �M	��3  


M3 {��1��
 L,���� {�	E�M� ���LM� Minitab  
Sigma Plot 

 .�1��� E�Z��R,���,� "J1�g�) '�M��� �M3 �/05/0( LSD  


I�*E�� �3 L,� �/ ��L�Excel %Sigma Plot .���* O	�  

L@� 
 M��2� 

����� �?��*�6  

"���( �J�,SV� ��y�� "3 ���"���( �� '�� T�Ci� ���

 `tM�� 
 ��� E�Z�� G,H� ���� �� ",��� ��N ��(
 


�� ���3 T��# �N� �
=3 "� �*.�*�3  T
��!� ��/��� �F�

"���( �]�� �3��h� ���) ����05/0P≤( _
�M() ��3 1 .(

"���( �]�� R1�!�,3 T
�M�!� ��M�� �� �M��15-5  "M(��

�!��	 ���� )83 g� R1�!S� 
 (�]��) '� ���59  (�M]��

  T
��!� ���� ��30-15 �!��	 "(��3 ����I�*) �� 1 .(

BMC  RM1� R!�M� uM��� 
 '��3 "��!J�� "3 "(�� �3 �� ��M/

_�!h� jV��� )Wagenitz et al, 2006( �Mgi�� d1�!� R1� %

�	�. "���( d1�!� )�	� �3I� ��� ��/��S,� "S/ �� E���

 �e�3 T
��!� ����58 
 ��3 �]��  �M �3 T
�M�!� ����

"���( b1�H� "M3 T
�M�!� ���� We�S!2� .�* ��,� R1� ���

 jMS  $Z�M	 
 ��M3 ��MD $Z�M	 OJ,���� b1 '��� 

�� IS  $/�M� o�M# jMS  $1�L� �3 ��� 0��,,s� .���

 ��,MJ3 �/�M,� $M*�> ���M�� "1�M	 �1� �� R,�cS/ 
 "!�1

R,1�>� �	� R1� ���/� '��� T
��!� ���� .�	� �� �=M3 "

����M� ��M(
 �/�,� $*�> 
 "!�� ���N o�# �i	 �� 

)Fenner, 2009 .(IM� "M��1� "3 "(�� �3 R1��3��3 �� E�M��

"���( T
��!� ������ %��!*�� �1e�3 ��� �*�� '�,3 '���

"���( "��SJN �� 
 o�# �Hi	 jS  �� '� ��� ��M/

�� x� �/�,� $*�> '
�3.�/� 1  

BC  �� ��,J3��/ ��/�M� "M���( �M3�F ���� �� �M���

 ��Mg�� ���M3 �1�M�� T
�M�� "M3 ��M,� E�M  ��M�/� '�M�� "�

"MM���(�MM� �MM��"MM���( �MM�
 �MM*�3'� �MM�� ��MM�� �� �MM/  

�� $1�L� T
��!�) �M3�1Chachalis and Reddy, 2000 ;

Leon and Knapp, 2004 ;Zhou et al, 2005 .( T
�M��

BMMC  �MMDh3 �=MM3 T��MM# R!MMJ�* �MM �3 �1�MM��MM/�� ��MM/

�MM�"MM���( _�MMr� '��MM�  "MM3 %��MM*k�MM� �=MM3 �MM��)
�MM#2  


E��,Q� �/�3
�3  ��30  "3 �3�F ���� �� �]��90  �� �M]��

�M�1 $1�LM� T
�M�!� ���� )Leon and Knapp, 2004 .(

��M,� ��Droser anglica  "M���( �M]�� R1�!M�,3 
 �M��

�=M3 T��M# �J�* T
�M�!� ��M�� �� �M/20-10  "M(��

�!��	�� �� �M* ��/�M��Baskin et al, 2000) .( R1�!M�,3

"���( '�L,�) ���61 BC  �
=3 (�]��BMC  ��M/[M	�4 

) �M�� �M	� "3 T
��!� ���� ��Nandula et al, 2006.( 

                                                 
1 Germination Index 
2 Amaranthus tuberculatus 
3 Setaria faberi 
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"���( $1�L��� ���.��* 

_
�( 1- "���( �3 GQ��� 0�^] �3 T
��!� ��/��� �,Fu� 0�h3�� R,���,�I� ��� E���.) Lam Centaurea balsamita(  
Table 1- Mean squares of alternating temperatures on germination-related traits of Centaurea balsamita Lam. 
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*8.1 *254 *0.002  *337  *60  *58.5  *2139  *416  *4.1 5  
��� 

Temperature  
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         35  
I� 
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11.8 11.3 15.5 3.1 14.6 5.9 3.35 11.4 9.07  
 0��,,s� [1�& 

Coefficient Variation 
* ��h� _�S!2� �i	 �� ���05/0  significant at p≤ 0.05*   
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�^!� m
�2 ����� ��/ ����)05/0P≤(   '���� )�	� �3 ��1��1 �3LSD .����� 

Figure 1- Effect of alternating day-night temperatures on the final percentage of germination of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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�MMM�!� ��MMM�� ��5/10 �!��MMM	 "MMM(�� .��MMM3 ���MMM�  

  

  

I�*2- �
� T
��!� ��/��� �F�-"���( � �	 �3 [*I� ��� E���.)Lam  Centaurea balsamita(   

'�!	��h� 0
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Figure 2 - Effect of alternating day-night temperatures on the germination rate of Centaurea balsamita Lam. 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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Figure 3- Regression relationships of germination parameters of Centaurea balsamita Lam.  

seedling at alternate day-night temperatures 
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Figure 4- Effect of alternating day-night temperatures on radicle and plumule length of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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Figure 5- Effect of alternating day-night temperatures on fresh weight of radicle and plumule of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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Figure 6- Effect of alternating day-night temperatures on seedling vigor index of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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Figure 7- Effect of alternating day-night temperatures on germination uniformity of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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Figure 8- Effect of alternating day-night temperatures on germination index of  

Centaurea balsamita Lam. after 14 days 

Columns with different letters have a significant difference (P≤0.05) with each other based on the LSD test. 
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