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Abstract 
In order to evaluate the effect of Ag synthesized from fennel on seed germination, growth and biochemical characteristics of hybrid 

single cross 704 corn seedlings, an experiment was carried out in a randomized complete block design with three replications at the 

University of Mohaghegh Ardabili in 2021. Experimental factors included synthesized Ag nanoparticles (0, 0.001, 0.1, 0.25, and 0.75 

mg L-1) and the application methods of Ag nanoparticles (seed priming and adding to the culture medium). The results showed that in 

both methods of nanoparticle application, with the use of different concentrations of Ag nanoparticles, there was a significant increase 

in the percentage and speed of germination, mean daily germination, germination simultaneity index, vigor index, length and dry 

weight of corn seedlings and a decrease in the mean germination time, D50 of corn seeds were germinated. Among the nanoparticle 

application methods, seeds priming with 0.001 mg L-1 and adding 0.1 mg L-1 Ag nanoparticles had a greater effect on improving 

germination, seedling growth, and increasing seed vigor index. By adding 0.1 mg L-1 of Ag nanoparticles to no priming, it resulted in 

the highest germination persentage, synchronicity index, mean daily germination and the lowest mean germination time. The use of 

different concentrations of Ag nanoparticles in both application methods increased the activity of catalase, peroxidase, polyphenol 

oxidase enzaymes and proline content compared to the control treatment. Therefore, the use of a concentration of 0.001 mg L-1 of Ag 

nanoparticles as a priming can be suggested to improve seed germination, growth, and biochemical characteristics of corn seedlings. 

Keywords: Antioxidant enzymes activity, Germination rate, Green synthesis, Seed priming. 
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Table1- Computational relations studied in the experiment 

?���C �K�����  
Germination percentage 

GP= ((∑ni)/N)100) 

?���C G�( b�-���(���  
Mean germination time 

MGT=(∑(niti))/ ∑ni 

?���C ���(�J� aM�E���  
Germination synchrony index 

� = − � ƒ� log 2 ƒ�
�


��
 

?���C b�-���(?����� ���  
Mean daily germination 

MDG= (GP/D) 

?���C 3��F���  
Germination rate 

GR=∑(ni/ti) 

 �� ��(�50 ?���C �K�����  

D50 �50 = �� + [
��

2 − ��� ��� − ���
�� − �� ] 

G��V aM�E 
Vigor index 

VI= GP× Seedling length 

 �f�& `&��� ��N: �;& /� ���"� �in: ?���C ����;& ���"����  ��� ��i]� �it: ?���C v��E �� ��E ��}F ������ ���"�����itin:  j�x.K�d����;& ���"�  ?���C

 (���) ��(� �� ���i]��:D ����� ���"� ���� ?���h b���!�& ���& ]�f� if ��� ?���C �#_� ������ :. 

In these formula N= Total number of seeds used, ni= number of seeds germinated in the ithtime, ti=time taken for seeds 
to germinate at ith count, niti=The product of seeds germinated at ith interval with the corresponding time interval, D=total 

number of days required for final germination, fi=Relative frequency of germination. 
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�( ��(���� .3F� G��H���� ������ ����,( �� ?� �E�&  

   

 /)E1-  ����L�TEM  �SEM ��+� G��H���� 

Figure 1- TEM and SEM images of silver nanoparticles 

  

L�M /�
��) �.�N ����. /O��FTIR( 

 �F��& n�� �&���	��'��E�< �.(�� ��� �� /�M� �

 ��'F �'���� `F�� ��E��'F ��+� G��H���� ������< � ��'F

?L Z! ( � �����P ��#FY�$ �&�� /��#� �(�V ����( � 'F

 /)DDDE) �DDDE ]� �� ?����2s�( Q�$ ?& ?C�� �& ?� .( ���

 �d��� �� �&;C1640 ����F ���	 ?& ��&�( ��(N–H  ?�

�( b�(P ��J��DDDE�& �� ���& �3540 ����DDDF ?& ��&�( ��(

���	 ���O–H  ��N–H ����,( �� ?� ��V ���& �b�& � 

2342-2360  ���	 ?& ��&�( ���� ���VO=C=O �( .�DDE�&

����,( b�'IJ� b�& ���2850-2900  ��&�( U")( ��(

 �� ��< ?&C-H 3DDDDF� 
� ')�P ?&  ��&�( � �DDD!DDD!�  

)Sun et al., 2014 �� /DDK�d ^���� .(Y�$ /��#� � 'DDF

���	 ��C� ��(�V ����DD( ?DD���� �� �[.�Z( �.(�DD� ��DD�

 kmDDDF �� �� /���&�� � /�DDD_��&�� �/�DDD_������ ?.JC

��� ��DDDD!� G��H���� .�� �&  ��C� b�'IJ� ?&  ��&�( ���

 �DD!DD!� �DDE�"��� �������<C-O ���	 �� � ���DDF� ���

b�i���< ��� (P ���	 ?&  ��&�( �� �&  ���� DDDF� �� �&  � ���

�(���	 �DDD!DDD!� �DDDE�"��� ����< ?& ��& ����y��P ���

?& ?� 3F� ���F� � ����� ���y�'<�� G�#���� �� �������

�( ����!(���E. G�#���� �(P��� j;C �& ^���� b���&�'& .

b�i���< � 
���(��P �
���[��P G�#���� ��IJ� ��P ��

 ?�  �(�- '� b�'IJ� .���� 3� f� G��H����  kmDDDF ��

& G��H����j�DDF� 
��[�����DDF �� ���[�DDF� � ����DDE ���	

�& � n�[DDE RS(�� ���� Q�.,(��DD!� ?� ��& t�� ��'��

��P G�#���� �(�J� 3��DDDE  G��H���� ��'DDDF X'��� ��

X��o< �� ��(P 3DDF�& ^���� ?& ?C�� �& b���&�'& .��& ���

 ��)��� /��� ?& �� G��H���� b�� ��'DDDF 3,DDDK ��DDD_J�

��,� �� ��DDD_)�
�< � Q�$ �� Y.�Z( �DDD!DDD!� ���

s�(�� ��	 �� ���  ��+� G��H����  ���& ���  ^��� � �&  ?�

) ���� ����ZJ� �l�d ?"��m(Mittal et al., 2013.(  

 PE�� �Q � H��1 ��.7R)XRD(  

 ^���� ?C�� �& /)E2  ]� �� |)�� ?"E � :��< ��(�P

��-�� � ����	 XRD ?�c� G��H���� ��DDDE ����P ��DDDE

.3F �  ��(�P ^����XRD ��E  �#F  ��'F  G��H���� ���& �

��DDDD!� �|( �� DDD_����' ��
� < � �� 3� �� /& �V  ���

����,(���111 �200 �220  �311  *m#'( ?� 3DF� ?C��

?��J� �&  �c �P :�< ��� ��� � G�, [DDDK �& ����� �� DDDF� �

 ?� ��� ���A� b�'IJ� ���-�� b�� .3DDDF� ��+� G��H����

/�)! � ��+� G��H���� Q��_ ������� /)E  ?& ��E ��+� ���

.�'�_� 



��#c& ?���C���� �E� � G��K�LM ����J�E��& ?I���	��� G�H...  ?��!� ]�.� � ����'� �;& ����� / �.C 31/ ���JE 1/  ��c&4031 

21 

 

 /)E2-  ����L�FTIR   �XRD ��+� G��H���� �&����� ���&  ��'F �#F��E  
Figure 2- FTIR and XRD images for evaluating of green synthesized silver nanoparticles  
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Table 2- Analysis of variance of germination characteristics of corn seeds under the influence of different 

concentrations of silver nanoparticles (Nano-Ag) and its application methods (AM) 

 
Mean squaresG�"&�( b�-���( 

G����q� %&�'( 
S.O.V. 

 ?C��

����P 

DF 

?��
�C

 �
K�

�
��

�
 

G
er

m
in

at
io

n
 p

er
ce

n
ta

g
e 

?��
�C

 G
�(

 b
�-

���(
��

�
 

M
ea

n
 g

er
m

in
at

io
n
 t

im
e 

?��
�C

 �
��(

�J
� a

M�
E

��
�

   

G
er

m
in

a
ti

o
n

 s
y
n

ch
ro

n
y

 i
n
d

ex
  

?��
�C

 `
F�

�(
?��

��
� �

��
 

M
ea

n
 d

ai
ly

 g
er

m
in

at
io

n
 

?��
�C

 3
��

F
��

�
 

G
er

m
in

at
io

n
 r

at
e 

 �� 
��

(�
50 

?��
�C

 �
K�

�
��

�
 

D
5
0
 

?I
���

	 
Q�

$ 

S
ee

d
li

n
g

 l
en

g
th

 

?I
���

	 



!M
 �

��
 

S
ee

d
li

n
g

 d
ry

 w
ei

g
h

t 

�;
& G

��
V a

M�
E 

V
ig

o
r 

in
d

ex
 

������+� ��H  

Nano-Ag 
4 **127.83  **2.10  **0.0021  **1.75  **44.00  **0.077  **304.51  **0.011  **3352948.31  

��&��� :�� 

Application 

methods 

1 **33. 1  **0.14  ns0.000028  ns0.0053  ns1.545  **0.013  ns0.201  **0.0022  ns7289.57  

������+� ��H ×��&��� :��  

Nano-Ag× AM 
4 **3.46  **0.07  **0.00041  *0.050  *1.60  **0.017  **1.40  **0.0023  **11114.83  

X��(�P ��mM 
Error 

20 0.333  0.003  0.000073  0.014  0.458  0.0012  0.267  0.000063  2249.60  

G����q� U��l 
CV (%) 

- 0.68  1.73  4.31  2.12  2.82  2.13  1.67  2.42  1.79  

ns�'"( ��W U���� ?& ** � * ��'"( � ����( �K�� 
� ��K�� ^'< Q�J�d� kmF �� ���.�'E�&  
ns, * and ** are non-significant and significant probability level of 5%, 1%, respectively. 
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 /)E3- ?���C �K��) ���a?���C G�( b�-���( � () ���b (�;& ��@�� 3,� G�H 3B.W Y.�Z( �����+� G��H���� :�� �.�P ��&��� ���  

Figure 3- germination percentage (a) and mean germination time (b) of corn seed under different 

concentrations of silver nanoparticles and its application methods. 
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Figure 4- Germination synchrony index (a) and mean daily germination (b) of corn seed under the 

influence of different concentrations silver nanoparticles and its application methods.  
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Figure 5- The effects of copper oxide nanoparticles and application methods treatments on  

germination rate (a) and D50 (b) of corn seed  
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Figure 6- The effects of silver nanoparticles and application methods treatments on seedling dry (a)  

and seedling length (b) of corn 
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Table 3-Analysis of variance of activity of antioxidant enzymes and Amino acid proline of corn seedlings 

under different concentrations of silver nanoparticles (Nano-Ag) and its application method (AM) 
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Figure 7- The effects silver nanoparticles and application methods treatments on vigor index (a) and amino 

acid proline (b) of corn seedlings 
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Table 4- Comparison of the main effects of experimental factors on the activity of  

antioxidant enzymes of corn seedlings 
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In each column, means which followed by the same letter are not significantly different at 5% probability level. 
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