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ABSTRACT 
A factorial experiment was conducted based on randomized complete block design with three replications in Zanjan 
University (during 1396-97 and 1397-98). Salicylic-acid (control, 50, 100 and 150 mM) and methyl-jasmonate (control, 50, 
100 and 200 μM) treatments were sprayed on Echinacea plants (four plants per plot) in the first and second years (two 
stages, 20 days interval). The results showed that salicylic-acid and methyl-jasmonate have a significant effect on vase-life 
of flower, leaf-area, fresh and dry weight of roots, chlorophylls a and b and catalase and peroxidase. Also, the highest vase-
life of flower was obtained in treatment of 100 mM salicylic-acid and 200 μM methyl-jasmonate and the highest fresh and 
dry weight of roots and leaf-area were obtained in treatment of 100 mM salicylic-acid and 100 μM methyl-jasmonate. The 
highest relative water-content of petal and catalase were obtained in treatment of 100 mM salicylic-acid and 100 μM of 
methyl-jasmonate (first year) and in treatment of 100 mM of salicylic-acid and 50 μM of methyl-jasmonate (second year). 
The amount of peroxidase was also high in treatments of 100 mM salicylic-acid and 200 μM methyl-jasmonate (first year) 
and 100 mM salicylic-acid and 100 μM methyl-jasmonate (second year). The highest amount of chlorophyll a in both years 
and chlorophyll b in the first year were in 100 mM salicylic-acid and 50 μM methyl-jasmonate treatment. Also, the highest 
amount of total-chlorophyll was obtained in 50 mM salicylic-acid and 200 μmol methyl-jasmonate (first year) and 100 
mmol salicylic-acid and 50 μM methyl-jasmonate treatment (second year).  
 
Keywords: Elicitor, enzyme, phytohormone, purple coneflower. 



406   :
����	� � �� !"#�$% &'(%) *+��,%- ) Echinacea purpurea L. Moench  (.� /�$�$���0�) -�$/�-1$�$2$3 �  ... 

 
  

6��A�  

 � 5�0� 5�%��+ ��$�� ��6(. 
���$+ 72�2- 
068� 9�
 %� :/��300000  ;8 ���� �0<� ��6(. 5�$+ ;=0+ .�

 �>=? 
�$! .� @$�10000  
���$+ 
�06A ;� ;=0+
 �(���� B$=,�6
51
 ;� 1=� )Prathapa Reddy et al., 

2015(. ���12+ � )1=�? 
���$+ 
�$! ��  ���0=�,

��%C���D?1 5�0� ;�D%E$'  � F(%�+�B� .� ��(

5��0=�,  �� ��1100  � G6<25000 �! ;=0+ .1
�� 
 5�HA *+��,%- 16=�! 5��0=�, F(� )�� G6< .� �,%�

�! B$= �(���� ��0, )���� �
�0� ��6(. %�  .� � 16
��
�! ��	
 ;� ���$+ )������ I��6!  1=��)Sharma, 

2014(.  G6<*+��,%- 
2 3(�J2A 7/�-16K 5�$+  �

��6(.- �(���� �	>!  ��(%!? L�	
 �!0� ;8 M-�
 ��%N�-� M>< �O$-� �0P ;� � 5�0�B�- )���QD ��� 

��R(� ��;ST 
�06A ;� U�V�� ���+ � ;/�-16K )��
*+ �! 5�%���8 ;� 51(%� ) �0
Wartidiningsih & 

Geneve, 1994a.( ;=0+ 
�$! �� *+��,%- )�� �
Echinacea purpurea L. Moench 51	A .� ��(  F(%�

;=0+ �! )��R� )�� ;8 1
��  
�%(� ;� %W�X L�X ��
 � M-� 51
 �D%O! ME8 
�%(� YP�6! .� �,%� ��

;Z� U�0[ ;� B�- )�QD �� �%���8 %� 5�HA � 51
 *+ 
� ;$
�X  ������ .� �,%� �� 
? �%"0! ��0! �)��8 B$=

�! 5�%���8 ;� ) �0
Fariman & Noori, 2011.(  ;�
;�� �P �� M>< F$	� �;�
&+ )�� �!0	A  F(%�

5%>� ����$+ \02A .� ;6$!. F(� �� �0 !  .� )���%�
 M$J$8 �0�>� Y(%P .� ��6(. 
���$+ )��R� *$�=��'

*+ �%�2	A � �� �� 5��J�-� .� ��0! �(�$	$
 9$]6� 
�1668 ���$+ 1
� )�%� ��R(� %$$^� �� )��0C/� 1
� 

� ��12+ �,%� .� U_0` ! �T�� �� M$	�� ��6(. 
�!  1
���! ;8 @68�� %� �N$	A %"� 16=�0�  )��

0D�0! 16
�� ;�
�� �>=? �(�$	$
0�$D � 3(a0/0(B$D
)Parveen, 2017(.  

*$�! � 3$2$�$/�-1$-�  .� U�=0	-�<
0!�0�  )��
���$+ @��b' %�E$� �� 5��J�-� ��0! �� �!  �16
��

 3(% � �� �	>! L�OD U��$8%� ���(. �0P ;� �%(.
�! ) 1668Singh & Dwivedi, 2018 L�OD �0P ;� � (

                                                                               
1. Asteraceae 
2. Echinacea  sp. 

9�$=��! ��  7c-�� ;� d$�%� ;� 
���$+ �A�D� )��
1$e0=�'�%' *$6D )��%$�!3 1$e0=�8���8� �4  M/�,�

) 1=���Scott et al., 2010.( 3$2$�$/�-1$-�  �=0!�0�
 �(�$	$
 L0!%D �� �O$�P M-�C7H6O3 ��$+ �� ;8
� 

 *	A ���$+ �0N/�� �1668 9$]6� 
�06A ;��! 1(�	=  �
@N= )��  )��16(?%D .� )��1O� 9$]6� �� �	>!
0D�0!�! �J(� �(�$	$
0$� � 3(a0/0(B$D .168  

L02 !  �
�' @(�BD� fA�� 3$2$�$/�-1$-�
M]2T 
��� )�� �! 
? )�.  )���� M-� F�	! ;8 �0


 )B	-� M]D� ! %� �	$N��!%$T � 9$N��! U�%"�
 9�$=��! �� )0$��1$�8� @6� d$�%� F(1� ;8 1
��

�! @��8 )B�6-0�D  @(�BD� fA�� M(�>= �� � 1��(
�! 
? M$J$8 � �%�2	A �1
�  .��%+ 51
 g��B+

� hc- � ;E(� � ;,�
 3E, � %� 
.� M-� �� i%
 ��12+ � �E(�� *X�%! �� 3$2$�$/�-1$-� �%���8

�! �0�>� ) 1��(Zaidi, 2015�! ;8 (  1=�0� M�j! %"� ;�

0!�0� %� 
? 
��� ���$+ )�� F$�8� 5b(� ;� �.  ���

F$/%�$< F$6$80�$- � �� ) �0
 5��� M��= ��Mady, 

2014�F$6S	� .( *+ %	A L0P  Y(%P .� �� 51(%� )��
 �� @(�BD� 
.� � L02 ! 1!�< ��0! �L02 ! k&<

 .� *[�X  ����D� %$,#� ;� )%$' � l�ET )��1(�' �5.��
 I	R� @��8 � F2$�� 1$/0� %� 
? �+1668��>! U�%"�

;=0+ 
b$�8� %(&' @68�� )��5 �! @(�BD� �  1��
)Asgari & Ladan Moghadam, 2015 .(

 3$2$�$/�-1$-� Y(%P .� B�6-0�D %� �� �0, %$"#�
0A;=.�� *!� �)� ;=�1C=� I	R� �)B�6-0�D )��  M$/�OD

 � M-H'�%28 ���,�- � 5B$C=� �0��$��� 9(B=?
9(B=? �! L�	A� B�6-0�D *X�%! �� *$,� )��  168

)Rivas-San Vicente & Plasencia, 2011 � ( �!�C6�
M]2T �� ;8 �! 5�%� ��8 ;� ��-�6! )��  @6� fA�� �0


 �� )�&+��. 0$��1$�8��! 
���$+  
�06A ;� ;8 ���%+
��=? M$D%m @(�BD� �� ).�- \��N! 16(?%D  �=�1$�8�

�2' 16=�! 516�� U��" ��0! B�6- �� �( 
���$+ F$!?  ��
 � 5�0	= *	A\�$' @n� 3( 
�06A ;�  �� )1$28 
�-�

L�OD o-�' ).�-  ;�,�6
 5�$+ �A�D� �[�`�,� )��

                                                                               
3. Phenylpropanoid 
4. Octadecanoid 
5. ROS: Reactive Oxygen Species 



   \02A�=��T�� 
�%(���� �� 53��	
 �� 2 �
������ 1401  407 

 
�!  �0
)Németh et al., 2002( . L�OD fA�� �F$6S	�

9(B=? 
1
 ��=? )��  
�1$�8� �! ��%+ 9(B=? F(� ;8  ��
L��(��� 
�0	= L�OD %$T �� �	>! ��$�� @N=  ��.? )��

L02- �� 
b$�8� 1=��� ���$+ )��  �>=? M$/�OD 
�B$! ;8
 %$$^� @6� U1
 � ���$+ 7=0+ ;� ;��� 
���$+ ��

�! M$	- ;8 ���0[ �� �1��( $�8� .� �(��.@68�� 
b  %+
*$D�%28 ;� )1< d$-? �%$C= \�R=� F$q��%' ���  ���

;��� )��1$-� � �e�ET )��1$Z$/  1
 1��0, ���� )�
)Alscher et al., 2002 .(   

*$�! �(�$	$
 L0!%D �� U�=0	-�<C13H20O3   ;�
�� I(�! U�0[  .� ��( 
�06A ;� ;8 M-� �C=�


0!�0� 
a 
�$� 9$]6� �� ���$+ )��  ��� %$�! 9$]6�
M$/0���! o-�' ��R(� ��� 1$/0� � �A�D� )��  %"r! *j!

�! � 5�0�  �3(a0/0D�0! )��16(?%D .� )��$�� 1=�0�
 %$"#� M � 
���$+ �� �� �(�$	$
0$� � 3(a0/0(B$D

1�� ��%V )Saisavoey et al., 2014.( *$�!  U�=0	-�<
 
���$+ �� 1
� @��8 fA�� L�!%= s(�%
 M �

�!  ;8 �0
�+b(� �� %$$^� �� L02- )��  tD� ! )��
;=.�� 
1
 ;��� d<0!  B�6-0�D @��8 M(�>= �� � ��

�!  ��%+)Chavoushi et al., 2019 .( ;c��� F(� ��
Sewedan et al. )2018 1=�%8 g��B+ �E��b' �� (

M]2T �� @(�BD� ;8 *$�! )��  �� U�=0	-�<100 
�' �' �6O! @��8 ;� %R6! \� �J[ �� )��� 16=�! ��

 �� 3E, 
.� � 5�$+ �� i%� hc- �5�$+ u�J���
i%�  �� 
? M]2T �� ;�(�N! �� L0(H+ 5�$+ )��75 

�' �'  \� �!  �0
 .*$�! �F$6S	�  %� %"� �� U�=0	-�<
9(B=? @(�BD� ��=? )��  @��8 �� �
�1$�8�

L��(���  _�� �� ;8 )�0P ;� ���� @N= ��.? )��
 M$/�OD hc- F�
�1>C=9(B=? ��=? )��  16=�! 
�1$�8�

 %"� .� I=�! .��0	�(� 1$�8�%'0- � .�1$�8�%' �._���8
L��(��� �! l�ET %� @6� .� *[�X ��.? )��  ��%+

)Wang, 1999 .(  
M]2T *$�! � 3$2$�$/�-1$-� 98 )��  U�=0	-�<

 5�%� ��8 ;� 9� �� 5�%	� �( � ��� U�0[ ;� ��V�
�! �! �1=0
 
a 16=�0� ! )�� � 3$2$�$/�-1$-� L0q�

*$�! ) 16(�	= 
�$� �� U�=0	-�<Shetty et al., 

2011.(  Cao et al.)2010 ;8 1=��� 
�E= (
*$�! L�OD �� U�=0	-�< *$6D %$�! ).�-  1$e0=�'�%'

 3$2$�$/�-1$-� M$/�OD 3(% � ;� ���V � 5�0� *$,�
�!  .1
�� �E��b' ��Yingbin et al. )2016 g��B+ (

 ;8 1=�%8 )%$' %� �J2�n! U�%"� 3$2$�$/�-1$-�
*$�! �� 51
 3(% �  ;8 M-� ;�
�� U�=0	-�<

M]2T ;� �C���  
��� M-� .� � ���� ;�D� ��8 ;� )��
 �� �(�$	$
0�D �(?��8 � *$D�%28 )�0� ! �R(�1�

i%�  � 3$2$�$/�-1$-� �� 51
 ��	$� )��
*$�! i%� ;� M��= U�=0	-�<  �� 51
 ��	$� )��
*$�! M]2T � 5�0� )%�	8 U1
 �� U�=0	-�<  )��

 )%$' %��%� �� M]D� ! fA�� 3$2$�$/�-1$-� %�	8
�! U�=0	-�< *$�! s-0� 51
 ��R(�  ��� F(� .� .�0


@��b' F(� .� v1�  U�%"� F(%�>� ;� ���$�-� )�%�
*$�! � 3$2$�$/�-1$-�  U�$[0`, %� U�=0	-�<

(�%
 �� *+��,%- 3(a0/0(B$D � 3(a0/0D0! s
;A�B! �0� )�. 

  

B�
 � -��� �� 

 �A��. L�- �� �P @(�!.?97 -1396  �98 -1397 
 
�R=. 5�CE=�� ).���E8 �1�E=�� ���N$N � 7A�B! ��

 �(�$D�%^< y%A)z  41 °36z �(�$D�%^< L0P �27 °48 
 u�J��� � �/�	
1620  .1
 \�R=� (�(�� hc- .� %�!

L�- �(�0� � k? U�AHP� L�1< �� @(�!.? )�� 1 
.M-� 51
 %8{  

  
��
�� ������ � ������� ��� 

) @(�!.? L�- F$��n= ��1396 5��!? .� G' �1��� �(
 �(h$c�� � 9n
 \�R=�)%]=  ��0! F$!. ).�-

 �� ;$>� .� G' ?�0'�0' 7=0+ *+��,%- )��l�E=20 
 U�0[ ;� �E(�!.? |%P .1=1
 ME8 5�! ME>�(���

 *(�0�8�D @(�!.?}02� |%P d/�V ��  *!�8 )��
 ��%�� ;- �� �D��`� �E(�!.? 1X�� %� .1(�%+ �%<�

 ~(�� ��>K *!�
4/2  ;2[�D ;� )%�!60  .� %�	$�=�-
;�0� 72[�D � %C(1�( ~(�� )��%� �� ��� 50  %�	$�=�-

 ����	$� ��1O� �@��b' F(� �� .1
 ;�D%+ %]= ��
 *!�
16 U%8 *8 ��1O� � ��%�� ;- �� ��	$�  )��

 �E(�!.?48  � �0� (U%8 %� �� ;�0� ��>K) 1X��
;�0� *8 ��1O� ;=0	= *��V )��  .� %$T ;�) )���%�

;�0� ;$
�X )�� )�  B$= (348 .�0� ;�0� 
  
  



408   :
����	� � �� !"#�$% &'(%) *+��,%- ) Echinacea purpurea L. Moench  (.� /�$�$���0�) -�$/�-1$�$2$3 �  ... 

 
    

 L�1<1 �A��. )�>/�- �� 
�R=. 5�C��(� �-�6
�0� U�AHP� .1397 -1396  �1398-1397.  
Table 1. Meteorological information of Zanjan station in cultivation years of 2017-2018 and 2018-2019. 

Cultivation Year ( 2017-2018) 

Month 

Se
pt

em
be

r 

O
ct

ob
er

 

N
ov

em
be

r 

D
ec

em
be

r 

Ja
nu

ar
y 

Fe
br

ua
ry

 

M
ar

ch
 

A
pr

il 

M
ay

 

Ju
ne

 

Ju
ly

 

A
ug

us
t 

Average Temperature (ο C) 15.7 12.7 3.8 5.5 2.3 7.5 14.4 10.6 21.2 25.5 26.3 23.9 
Average Rainfall (mm) 0 11.7 20 17.5 70.3 26.8 39.8 22.1 0 1.3 4.8 0 
Relative Humidity (%) 45 54 58 66 66 61 58 51 37 42 38 37 

Cultivation Year  (2018-2019) 
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Average Temperature (ο C) 16.1 8 5.3 1.1 2 3.8 11.8 13.3 19.3 26.3 26.3 21.8 
Average Rainfall (mm) 8.8 26.5 67.2 26.3 45.5 28.2 14.2 62 23.2 0 0.7 1.8 
Relative Humidity (%) 55 68 72 69 69 62 47 61 54 36 41 42 
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Table 2. Physical and chemical properties of soil in the research field of Zanjan University. 
Soil Texure 

Total N 
(%) 

K 
(ppm) 

P 
(ppm) 

CaCO3  
(%) 

Organic Matter 
(%) 

EC 
 (mmohs cm-1) 

pH Clay 
(%) 

Silt 
(%) 

Sand 
(%) Silty-Clay  

37 38 25 0.07 286 9.60 7.20 0.94 1.49 7.4 
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2. LA: Leaf Area 
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1. RWC: Relative Water Content 
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Table 3. Variance analysis of morphophysiological traits of purple cone flower (Echincea purpurea) 
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R 2 2.4 0.032 896.24 280.56 20.24 0.187 0.001 0.004 0.049 0.110 
SA 3 62.58 ** 0.186** 11451.82** 1714.90** 20.06 * 0.294 ** 0.858 ** 0.056 0.342 ** 0.535 ** 
meJA 3 27.36 ** 0.054 * 859.59 229.2 43.50 ** 0.099 0.088 ** 0.277 * 0.249 ** 0.229 
SA × meJA 9 15.88 ** 0.095 ** 2413.18 * 347.98 * 10.83 1.20 ** 0.056 ** 0.568 ** 0.060 ** 0.753 ** 
Error1 30 6.82 0.012 541.82 81.67 5.80 0.056 0.009 0.058 0.017 0.185 
Year 1 461.02 ** 0.772 ** 49160.28 ** 7146.47 ** 17.27 3.93 ** 0.143 ** 1.90 ** 2.257 ** 2.724 ** 
R × Y 2 6.28 * 0.055 * 1212.30 466.90 8.07 0.027 ** 0.005 ** 0.098 0.019 0.118 
SA × Y 3 1.18 0.01 2589.51 * 393.69 * 35.97 ** 0.460 ** 0.182 ** 0.333 * 0.219 ** 0.431 
meJA × Y 3 0.68 0.020 1599.32 208.55 43.88 ** 1.10 ** 0.056 ** 0.481** 0.168 ** 0.433 
SA × meJA × Y 9 1.37 0.024 1153.50 159.88 16.73 * 1.69 ** 0.029 ** 0.345 ** 0.133 ** 0.852 ** 
Error2 30 1.38 0.016 917.35 119.25 6.62 0.056 0.008 0.081 0.011 0.208 
CV (%) - 6.06 22.74 15.68 17.51 3.67 3.39 4.92 6.22 20.85 24.75 

�6O! �d$�%� ;� :** � *  L�	�X� hc- �� ���5  �1       .1[��                       *, **: Significantly at probability level of  0.05 and 0.01, respectively. 
SA: Salicylic Acid; meJA: Methyl Jasmonate; Y: Year 
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Table 4. Mean comparison of morphophysiological traits of  purple cone flower (Echincea purpurea) in two years 
(2017 and 2018) 
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2017 17.22 b 0.51 b 170.48 b 53.74 b 70.59 a 6.85 b 1.73 b 4.42 b 0.36 b 1.37 b 
2018 21.6 a 0.81 a 215.74 a 71.00 a 69.74 a 7.25 a 1.80 a 4.76 a 0.67 a 1.70 a 

F$C=�$!  L�	�X� hc- �� �;��E! v�%X )���� )��05/0 �6O! vH�,� 1=��1= 9� �� )���.  

Means with same letters are not significantly different from each other  (P< 0.05). 
CAT: Catalase Enzyme, POD: Peroxidase Enzyme. 
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Figure 1. Mean comparison interaction effect of salicylic acid and methyl jasmonate in the first and second years on 

flower vase life of purple coneflower (Echinacea purpurea). 
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Figure 2. Interaction of salicylic acid and methyl jasmonate in the first and second years on root fresh 
weight of  purple coneflower (Echinacea purpurea)  
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Figure 3. Interaction of salicylic acid and methyl jasmonate in the first and second years on root dry 
weight of purple coneflower (Echinacea purpurea) 
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Figure 4. Interaction of salicylic acid and methyl jasmonate in the first and second years on leaf area of 
purple coneflower (Echinacea purpurea) 
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Table 5. Mean comparison interaction effect of salicylic acid and methyl jasmonate and year on morphophysiological 
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