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 [���2-  2�A�"
� � �,M !�"1�P�:]�L  !��� 2�$ � 
� �V
�mV��!��� !�" �  DE� � <�q�,��@=�!�"
F�� ��	E�  ��
G� HC(O. biennis L.)  .  

Table 2. The interaction of organic and biological fertilizers and salt stress on some growth and physiological parameters and nutrient uptake of evening primrose  
(O. biennis L.). 

 HC 
7? 

Diameter 

of flower   

���� HC�" 

Number of 
flowers    

 �"��C ���1 [�R
Duration of 

flowering 
(day)  

<0V �L� 

 HC
Flower 

dry weight 

(g) 

 
$ �L� J�]

 �0�� �� ���]V��

SFW/RFW 

 J�] �L�

 ���]V�� <0V

�0�� �� 

SDW/RDW 

 3=^$�
/HP 
Total protein 

µg/g 
 

 fw)( 

 J0 � �1

��� 

Electrolyte 

leakage (%) 

 J=,�_�

 L	�=]P	
/
PX (µmol 

/Min/g.fw

)  

!���  
)1-dS.m( 

Salinity  

P�:]�L � �,M !�"1�  

Organic and biological fertilizers  

f24
  e22.66 d23.13  c1.92 b1.74 b2.35 d71.61 b84.86

  c0.85
     �"��Control 

d35  d42 e21.2  b2.18 ab1.87 ab2.6 c74.3 a89.99  c0.82  4   	@���A���)1-gkg 1.5( ycorrhizal fungiM 

a40.66
  c45 d23.2

  b2.19 ab1.89 a2.8 c73.31 b85.23
  a1.63     	@���A���)1-gkg 3( ycorrhizal fungiM 

c37
  b49.33 b27.35

  a2.37 a2.09 c1.85 a80.8 b85.52  e0.53
    <=��=" �=8	)1-mg L 16( Humic acid 

b39
  a51.33 a42

  a2.41 c0.54 d1.28 a80.53 d74.25  d0.64    <=��=" �=8	)1-mg L 32Humic acid (  

e30  c45.33 c26.83
 c1.88 b1.84 ab2.5 b76.7 c81.2  b1.14     B��� !���-�Madder residue 

e21  d25.33 c23.03  d1.29 a2.36 b1.56 d69.92 a84.56  c1.16     �"��Control 
d28

  a47.33 e21.14
  bc1.5 b1.74 a3.56 a78.55 b79.47

  a2.16
  

7   	@���A���)1-gkg 1.5( ycorrhizal fungiM 

c31
 c40.66 b25.17

  a1.83 b1.48 b1.7 a78.45 c66.53
  b1.6

     	@���A���)1-gkg 3( ycorrhizal fungiM 

b36
  b43.33 d22.53

  c1.44 c1.06 b1.92 d70.83 b79.77
  c1.17

    <=��=" �=8	)1-mg L 16( Humic acid 

a38  c39.33 b25.17  b1.56 cd0.85 c0.83 b74 d60.77  d0.85    <=��=") �=8	1-mg L 32 (Humic acid 
d28

  b44.33 a26.13
  

6.36 d0.75 b1.98 c72.43 b80.24
  c1.13

     B��� !���-�Madder residue 

f0
  e0 e0  d0 ab1.74 c1.7 b69.50 b81.58  ab1.1

     �"��Control 

e20.66
  d33.66 c18.18

  c1.32 a1.99 a3.4 a74.44 a84.55
  c0.49

     	@���A���)1-gkg 1.5( ycorrhizal fungiM 
b31  c37.66 b22.28  c1.33 a1.81 b2.06 ab71 d47.58  c0.56  12   	@���A���)1-gkg 3( ycorrhizal fungiM 

c30  b41 d17.46  c1.32 b1.51 d0.92 ab71.48 d47.62  bc0.74    <=��=" �=8	)1-mg L 16( Humic acid 
d28  b40 a23.56

  b1.43 c1.19 d0.86 ab70.32 a84.31
  ab0.99

    <=��=") �=8	1-mg L 32 (Humic acid 

a33
  a45.33 b22.41

  a1.52 b1.54 b2.31 a74.13 c78.83
  a1.28

     B��� !���-�Madder residue 

† Means with different letters are significantly different (P≤0.05) based on Duncan test.  
† 3=a�=� !	�	1 !�"v
Y!�" 
� N���:�  [��:Y	 678 �1 3A	1 ���LM B�8	5 % ��_� vo:V	 !	�	1�� �	1.�����  
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r DE� � <�q�,��@=� 4!��� !�"��
G� HC ��	E� !�"
F��  

)O. biennis L.(. 

  Table 3. Pearson coefficient correlation between growth and physiological parameters and nutrient uptake of 

evening primrose (O. biennis L.) 

† Significant levels at P≤ 0.01 are represented by ** using Pearson correlation coefficient. 
† 678��_� !�" [��:Y	 678 �1 �	11% O�
r L	 �1��:8	 �� ��0 ** �� ��8
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Fig. 1. The interaction of organic and biological fertilizers and salt stress on uptake of P (a), K (b), Na (c) and 

Na:K ratio (d) of evening primrose (O.biennis L.) (MF: Mycoorhiza Fungi and HA: Humic Acid)  † Means 

with different letters are significantly different (p≤0.05) based on Duncan test. 
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� B��8 � J8�w�P . ��
0�	
�	 ������ ����4 166-157) :1(47. 

5 .,� ,�,��b�4  .� ,��P1�	 ��:]"1.� !1
�
=� .~ � ���L� .1398 .' N�= �FV �V
� 
� <�q�,�=� � �,M !�"1�P 
=5�$

��
G� HC !��� (Oenothera biennis L.)  ��� I�	
� J�$.! 2�$��	�L ���� �1 �7=�� !�"4 280-263) :1(12. 

6 .���	
=4 �.4 .d ���r�1	. �  .L .��=]Y1396 . �1 
=5�$	@���A=� >��? ��C ) Glomus mosseae � G. intraradices(  
�

�C.�� �V
�
7_� �	�_�� �A�q�,��@=� � �A�q�,����� !�" )Pelargonium graveolens L. (!��� 2�$ J�$.  ����

!	 ��;�C !�" J0P ���� � ����4 121-107) :1(8. 

7 .g�7� �8��/ 4D4. B. !1���� 4�. Q. ��"L !��=8  �� .�-�1	L. 1391. A=� >��? 
=5�$�@=a� Js�� 
� 
�]� 1�P � 	@��� !�"

 � !@:�8�:�!�"
F�� �=��, ��	E�(Phaseolus vulgaris L.)  !��� 2�$ I�	
� �1. !L���0P �8��� ��� 4244-

233) :2 (3 . 

8 . .��=]Y .� � !
?�� .d 4.� 4���$13901
A��� !	@�	 � 1
A��� 
� !��� 2�$ 
5	 .  !q�,��@=��P	 ���� .	@�P \?� x�/

�"�=C 491-78 :9 . 

9 .d 43��$.  � .� 4��=�7�81395 4��� 
� �l�A8���M 	@���A=� >��? 
5	 .�	�-� ) U�@� 
�]� DE� � �0�� ��=8	@=��PLinum 

ussitatissimum J�$ (678!�" 4�"�=C 1
P��P � ���M
� .��M \P 9�:;� 159-148) :15 (5.  
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10 . 4.U 4�-=��$ .� 41	. !���V .v 4��� .� � !�r� .v�,���. 1395 � �l�P�8���M 	@���A=� >��? 2�A�"
� 
5	 �8�
� .

.!��� 2�$ �� ���C H��$ 2�	@�	 
� �=,��=8	
� �"�=C ��� !�"���P \=s�$  ��	�L ��"�=C �0"�./ ���� �����F�

– L	�"	 �Y	� ��o8	 1	LM ��a0	14 19-5) :30 (8. 

11 . 4.B 4��=�Y .� � �	L
� .�����
A]�. 1392 	@���A=� >��? 6=-�$ 
=5�$ .(Glommus spp)  DE� � ��� 
�!�"
F�� 

$ .��� I�	
� �1 ���C ��	E��	
�	 U�V � DM N�-=-�4 320-311) :3 (44. 

12 . 4.v 4!��Y .� 4����
A]� .� 4��=]Y�	L
�  .� � .� 
=�r J���� .1394 � �"�=C !���-� 
5	 .678!�"  �q�
:= 9�:;�

 Js�� � J=�=P 
�!�"
F�� J�	�L ��
0 .���C �	1 �1 !EG� @��4 167-158 :9. 

13 .4!��=Y  � � .M .����=�1393 Js�� � HC 1
A��� 
� �A0V 2�$ � <=��="�=8	 
=5�$ .!�"
F��  �1 v
F� 
/ ��	E�

 ���L��C HC ��=C(Brago officinalis L.)2"�./ ��
0 .�"�=C N	�=,�$ !�"4 167-183) :1 (21. 

14 . 4.L 4��=Y� .Q � !
�s� .Q�0���1 ��/ 3]Y. 1395 1
A��� !	@�	 � 1
A��� � !��=�M DM �1 <=��=" �=8	 
5	 �8�
� .

N�$�� Qo 	 � J�	�L ���� .	@�P4 106-95) :1 (12. 

15 .! 41	. ���r� �  .���=�	. 1379 
5	 .�1��!�"  DE� 4U�V ���=�=� �	�V 
� �,M!�"
F��  1
A��� � N�� ��=8� ��

�_=�R k���� � !L���0P ���� � ���� .�M4 29-19) :4 (4. 

16 .!�=84 	4. � . 1	. \8�?� ! .����	�=�Y. 13963��� ��V��P ���� ���]/ J8�w�P 
=5�$ . � � �1 
� ��:�L �0P

3��� J=�=P\?� ��:�L !�""�L1"  �"�����" H=��� �-7�� �1. ���� ������ �	
�	4 645-635) :3 (48.  

17 . 4.~ 4f�"����
V .B 4[1 .	 � !���� 3=�	 .�\0?. 1392 J=_�� � \P	
$ 
� �0��/ ��"�=C J��P � �"�=C !���-� 
5	 .

9�� �	
��L 1
A��� � ��	�L N�= �FV � L
" !�"(Crocus sativus L.) ���� .2"�./�	
��L !�"4 75-72) :1 (1. 

18 . 4.� 4��,�R�1	L���� .L  � .Q .���=?�  �,�8�. 1395Js�� 1
���P ��� 
=5�$ . � 1
A��� 
� �=8	 <=��=" 9�:;� !�"

�	�-�  DE�!�"
F�� !L���0P ��	�L �� .f� J�" \?� ��$�=�=� L� HC ��_�4 804-789) :4 (18. 

19 . .Q .� 4�	
bR1393 . �	
�	 �:��L ��"�=C �a� Z�R	4 .�?
$ N	��0:	 

20 .�Yo�4 Q .�4. �. ���
?4 �. !
�� �	��?	4 d. �1	L�� 4 � .��=V4 L . �P
�� 	 . .Q����_8	. 1396 . N�= �FV ����L�	

!�j ����	1 ��=C �1 e
�8�P f�`
$ (Hibiscus sabdariffa L.)  �1 �� 6=-�$ 4!��=�M J�
��� 
=5�$ J�$ >��? ��C

<=��=" �=8	 v
F� � 	@���A=�. 2�$��	�L ���� �1 �7=�� !�"4 582-571) :4 (10.  

21 . 4.	 4��8�? .1 .� � ��P�$ .1 .���=��. 1391.  � \=8�:/ 4�q�
:= 
=5�$<=��="�=8	  DE� 4�0��� ��� 
�!�"
F�� 

�1 \=8�:/ � �q�
:= O=8 
��=$ ��=� ��;�C I�	
� J�$ ��=�L!	N�$�� Qo 	 � J�	�L ���� .4 56-39) :1 (8.  

22 .�u��P4 �4. Q. 9�
� �u���!1��M4 �. �8��/4 � . ��b��  .d���
 �. 1395 . 
� �,M � ���=�=� 4�:]�L !�"1�P 1
���P 
5	

�C.�� �V
��	1 ��C��8 ����� ��=P !�"��;�C I�	
� �1 !	 .�"�=C N	�=,�$ !��Ĥ�� �����F��14 80-69) :1 (8.  

23 .� 4�a=�1	
�.  �.	��V .~ 1390mV�� �V
� 
==G$ ����L�	 . 2A��� H��_$ L	 H �Y ���=�=��=� � <�q�,��@=� !�"

 >��? �� !@���A=� �:]�@�" � 3=,	�����
$Glomus versiforme  �8��� J]�L .(oA��Pl \?�) �	1
a��:�M ��=C �1

�"�=C4 70-59) :10 (3. 

24 .��
=�B 4!��=� !��.  � .��r�� �
?. 1381���� .�� � <�q�,��@=� !�" ��a0	1 
0 @P
� .��"�=C !��� 2�$ !1	.

.��b� 	 �:_�  

25 .!��	� ���L1	.4 �4.  .d��-� �1l  �.L  �?	��	��=�1�	. 1393.  
$ �L� � <0V �L� !�� 
� <=��=" �=8	 
5	 �8�
�


� HC e
��C \� Polianthes tuberosa �_=�R k���� 4!L���0P ���� �1 3�� !�" �:��� ����,	 3=� Z	
��P 3=,�	 4

 43�1�=�� ���� � ���� x��
$ � �_8�$ 3��	 4�	
b$ 4J]�L I=�� �https://www.civilica.com/Paper-

NEWCONF01-NEWCONF01_459.html. 
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Research article 

 

Effect of Humic acid, Mycorrhizal Fungi and Madder Residue on Some 

Growth Characteristics and Nutrient Uptake of Evening Primrose 

(Oenothera biennis L.) Under Salt Stress  
  

M. Bohloli, M. Dehestani-Ardakani*, M. Shirmardi, J. Razmjoo11 

 

 In this study, effects of humic acid, mycorrhizal fungi and madder residue on some growth 

characteristics and nutrients uptake of evening primrose (Oenothera biennis L.) were 

investigated under soil salinity stress. The experiment was conducted as factorial based on a 

completely randomized design. Six levels of fertilizers including control (without soil 

amendments), 1.5 and 3 g L-1 mycorrhizal fungi, 16 and 32 mg L-1 humic acid, and 25% v/v 

madder residue were used in the presence ofthree levels of soil salinity (4, 7, and 12 dS m-1) 

with three replications. Results showed that in salinity of 4 dS m-1 the maximum number of 

flowers, flowering duration and dry weight of flowers were obtained in 32 mg L-1 humic acid. 

In salinity level of 7 dS m-1 the treated plants with 1.5 mg kg-1 mycorrhizal fungi showed the 

maximum number of flowers, flowering duration, and the highest uptake of Na, K and P. In 

salinity level of 12 dS m-1 the maximum number of flowers, dry weight of flower, total protein, 

peroxidase activity, and the lowest Na uptake were observed in plants treated with madder 

residue. Using organic and biological fertilizers induced flowering in salinity of 12 dS m-1. 

Generally, mycorrhizal fungi and madder residue in all salinity levels caused increasing growth 

and yield of plant. 

Keywords: Peroxidase activity, Evening primrose, Salinity stress, Biological fertilizer, 

Organic materials. 
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