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ABSTRACT 

Recently use of biochar and hydrochar have been considered as a suitable method for improving soil fertility, fixing 

soil pollutant and store carbon inside the soil. In this study the effect of different soil improvers at 5 levels including 

biochar at 1 and 2% w/w, hydrochar at 1 and 2% w/w and no soil improver and also salicylic acid at 3 levels (0, 200 

and 400 mg-L) were applied on marigold plants. This experiment was a factorial based on complitly randomized 

design. Results showed that biochar and hydrochar at 2% w/w level increased flower life at 39 and 36%, respectively, 

but decreased ion leakage 22 and 21%, and also malondialdehyde at 36 and 29%, respectively compared to control 

treatment. Salicylic acid at 200 mg-L concentration increased flower life at 21% and decreased ion leakage and 

malondialdehyde by 19% compared to control treatment. Highest ratios of shoot dry weight, root dry weight, total 

chlorophyll content, peroxidase and ascorbate peroxidase enzyme activity were obtained by application of biochar or 

hydrochar at 2% w/w and salicylic acid at 200 mg-L. These results indicated the positive role of soil improvers. 
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Table 1. Results of variance analysis effect of soil improver sources and salicylic acid on some morphological 

parameters of marigold. 
Source of variation df 

Mean of squares 

Shoot dry weight Root dry weight Flower diameter Flower life 

Salicylic acid (SA) 2 33.70** 10.37** 500.48** 13.53** 

Soil improver sources (SO) 4 25.21** 12.70** 517.89** 9.29** 

SA× SO 8 1.28** 0.53** 24.13** 0.10ns 

Error 30 0.49 0.14 9.65 0.61 

C. V. (%) - 14.24 18.12 7.95 12.20 

 ** �* � :ns V��K> `�>#> 3.Dk-�  r'( �� ���5      �1   �Dk- V��K> �&IG � 0[�� � .��  
*, **, ns: Significantly difference at the 5 and 1 of probability level\, and non-significantly difference, respectively. 
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Figure 1. Mean comparison interaction effect of soil improver sources and salicylic acid on shoot dry weight of 

marigold. 
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Figure 2. Mean comparison interaction effect of soil improver sources and salicylic acid on root dry weight of 

marigold. 
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Figure 3. Mean comparison interaction effect of soil improver sources and salicylic acid on flower diameter of 

marigold. 
  

  

  

  

  

  

  

gh

ef
f

de

a

bc

fg

cde
def

bcd

a

b

h

fg
g

0

1

2

3

4

5

6

7

8

9

10

Control 200 400

S
h

o
o
t 

d
ry

 w
ei

g
h

t 
(g

)

Soil improver  sources x salicylic acid (mg/L)

Hydrochar 1% w/w

Hydrochar 2% w/w

Biochar 1% w/w

Biochar 2% w/w

Control

fg

bc

decde

a

b

g

cd

ef
def

b

bc

g

f
g

0

1

2

3

4

5

6

Control 200 400

R
o
o
t 

d
ry

 w
ei

g
h

t 
(g

)

Soil improver sources x salicylic acid (mg/L)

Hydrochar 1% w/w
Hydrochar 2% w/w
Biochar 1% w/w
Biochar 2% w/w
Control

ef

cd decd

a

bc

ef

bc
cdc

a

b

f
de ef

0

20

40

60

80

Control 200 400

F
lo

w
er

 d
ia

m
et

er
 (

m
m

)

Soil improver sources x salicylic acid (mg/L)

Hydrochar 1% w/w
Hydrochar 2% w/w
Biochar 1% w/w
Biochar 2% w/w
Control



   e&*P�G�I\�. ��#����� �� 53��	
 �� 3 ����� 1401  559 

 
  

�8  9  �*�   )�   

�+G �R  �4G �  � � �  . �#.��@ 3@�& �/ �   � ��0 � � �/ �   `I(

� 8 � �: &T  ̂  #	P  9�  	��34 5.�� > 3. ;I1G��	 �  

�
 0�  3. 0G0
  3G&�  �A 3@  .���/& � ����/��0 2   0[��

G7�� Dp	� ��H .���/& � ����/��0 1  G7� 0[��� 3.  

>#>�` �8� `I(�: 39      �36   �27         �20  0[��A  ^&T

> 3. ;I1G 9� #	P���	 0��
   h.�D- g#f- e0P)

[�%Z 0G0
 (20DD@  9�
)a -4( 0�(� �
�� ^&*=- .

�G ��*�1�!�(  $d>�# 0G�� �� �+Ic-  8� �4��    &T  ̂  

#	P    9�;I1G  3.  >��	 �   0��
        ;
�� 3.  &� 3G �A 3@                

 �#.��@200    �400   -�*� e#� #+�! #. (��0 !�(�1�*�� 

#	P ^&T  9�   >#> 3. ���`  ��0i28     �16    0[��

> 3. ;I1G���	 �
  �0    (� g#f- e0P)�0 !�(�1�*�� (

�8��: 0G���  9�
)b-4 (F .  7   �- �4�      �&MD- 3. �G�0*�

#.  � �(   �K[ #. ��/&�. V�#$�    V          �  �  �4�    ��� 2    e�oG� &I-�.

0
 2��� ��4G � ;8#�  3@  �K[ V   �4���  3. &I-�.   �&T

Dk-� ��� ;8�� :��8� A)Wang et al., 2018( �#.��@ .

 ��0*� `I( ��D�1@&*� 2��� �� ��*�1�!�( 0�(�

 7� j� 20
 ��	�> ������ � 0��#�24     0G��� 9� 7��

 7� j� 0��
 ������ 3��!�i �� 30     ��0*� 3. 7��

0D+8�     )Davis, 2004(.  

  

� ! �  ,�" �� �$ & %�  �  ��� ��*�- ��   

�+G R�  o> 3�  �K[ jG����� V  �8  &� !& B ��  �  

&�. ��	�
 ��  H�� ��  W� � :�  �4G �  #$� 3@ ���   V�

�*[�   �D- h.   0DD@ %Z[� 2  �" E   ��*�1�!�( 0�(� �

#.  �	> �-  �K[ V  &- � �   3k!�'-     r'( ��    1   0[��  

�Dk- 0
 ���  �   V�#$�  � +- 9.  �F ��  �G        #.  �	> �-  

�K[ V  3.  #�\  ��G&� ;4G 7  �  �- &! �  � A  0��0!F    ��

 r'(1   0[��  �Dk- &. ��� �  0?) �  ̂ 2 .(    

  

     
9�
  4  .a( � - 31�  ��- H�CG   h.�D- #$�   %Z[� �" 20DD@ E   #.  9� #	P  34�	�   ��5.  �b��- 31�� - ( H�CG  0�(� #$�  �( ��*�1�!  #.   

#	P   9�  34�	�    �5.  � .  

Figure 4. a) Mean comparison effect of soil improver sources on flower life of marigold, b) Mean comparison effect 

of salicylic acid on flower life of marigold. 

  

0? �  ̂ 2  . R��+Go> 3�  ����� jG  �D- h.  Z[� %   0DD@ 2  �" E  �( 0�(� �  ��*�1�!   #.  �K[ �"#. V   �8  &�  &! B ��  &�. � ��	�
 ��  	�34�   �5. �  .  

Table 2. Results of variance analysis effect of soil improver sources and salicylic acid on some physiological and 

biochemical parameters of marigold. 

Source of variation df 

Mean of squares 

Ion 

leakage 

Total 

chlorophyll 

Malon 

dialdehyde 
Protein 

Peroxidase 

activity 

Ascorbate peroxidase 

activity 

Salicylic acid (SA) 2 174.64** 1.18** 499.45** 239.81** 26.24** 212.19** 

Soil improver sources (SO) 4 301.17** 2.11** 320.09** 160.11** 28.96** 163.60** 

SA× SO 8 2.66ns 0.10** 7.47ns 20.43** 0.58** 10.04** 

Error 30 36.99 0.03 32.70 11.12 0.27 2.87 

C. V. (%) - 14.67 12.82 14.07 16.77 12.43 14.34 

** �*   �   :ns�Dk- V��K> `�>#> 3.    r'( �� ���5      �1      0[��  �  �&IG   V��K>  �Dk- ��� .  

*, **,  ns: Significantly difference at the 5 and 1% of probability level, and non-significantly difference, respectively. 
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Figure 5. a) Mean comparison effect of soil improver sources on ion leakage of leaf of marigold, b. Mean comparison 

effect of salicylic acid on ion leakage of leaf of marigold. 
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Figure 6. Mean comparison interaction effect of soil improver sources and salicylic acid on leaf total chlorophyll 

content of marigold. 
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Figure 7. a) Mean comparison effect of soil improver sources on malondialdehyde of leaf of marigold, b) Mean 

comparison effect of salicylic acid on malondialdehyde of leaf of marigold. 
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Figure 8. Mean comparison interaction effect of soil improver sources and salicylic acid on leaf protein of marigold. 
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Figure 9. Mean comparison interaction effect of soil improver sources and salicylic acid on leaf peroxidase enzyme 

activity of marigold. 
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Figure 10. Mean comparison interaction effect of soil improver sources and salicylic acid on leaf ascorbate 

peroxidase enzyme activity of marigold. 
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