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Comprehensive abstract 

Introduction 
Fusarium verticillioides (Sacc.) Nirenberg causes maize ear rot in all maize-growing regions of the 

world and produces mycotoxins that contaminate maize grains. Therefore, it is considered an 

important species in terms of food health for both animal and human in the world. One of the best 

approaches to address this disease is to identify highly tolerant or resistant genotypes that can be used 

for genetic improvement. In this experiment, the resistance of 16 late maturing maize hybrids was 

evaluated for ear resistance, silk channel resistance, and resistance in the germination stage using three 

inoculation methods. The objective of the current study was to select the genotypes with high 

resistance in all three developmental stages.  

Materials and methods 
The seeds of 16 late maturing maize hybrids were obtained from the Maize and Forage Crops 

Research Depatment (MFCRD), Seed and Plant Improvement Institute (SPII), Karaj, Iran, and were 

planted in a randomized complete block design with three replications in the research field of 

MFCRD, in 2021. To inoculate the plants, the Kj7 isolate collected from infected maize ears in the 

field of MFCRD was used. Maize hybrids were screened with three methods. In the first method, the 

resistance of the studied hybrids was evaluated by the rolled paper method at the germination stage. In 

the second method, the ear resistance was assesed by creating a wound in the middle of the ear and 

injecting spore suspension, and in the third method, silk channel resistance was investigated by 

injecting spore suspension into the silk channel seven days after the appearance of silks. Data 

statistical analysis was done by analysis of variance and comparison of means with Duncan's test using 

SAS software. 

Research findings 
The results of analysis of variance and comparison of means showed that there was a significant 

difference among the studied 16 maize hybrids in terms of disease resistance with all three methods of 

artificial contamination. According to disease severity measurement in all three evaluated methods, the 

hybrids H3, H8, H11, H12 and H13 were selected as hybrids with high resistance against pathogenic 

fungus. These hybrids showed suitable resistance against all main methods of fungal infection and 

were superior hybrids compared to the other hybrids evaluated in this study in terms of resistance to 
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maize ear rot caused by F. verticillioides. The implementation of these screening assays in maize 

breeding programs can be effective for classifying the degree of flexibility of maize genotypes to 

fusarium ear rot.  

Conclusion 
The results of this experiment indicated that to evaluate the fusarium ear rot resistance of maize 

genotypes, the cob resistance method can be used as the main evaluation method especially in dry 

regions. Silk channel resistance can be used as a control method to evaluate the possible sensitivity of 

resistant or semi-resistant genotypes in humid areas where contamination with this method is 

important. Also, due to the different reaction of a number of hybrids investigated at the germination 

stage in this study and the possibility of the fungus growing as an endophyte in the plant, it is 

recommended to evaluate the new cultivars being introduced at this growth stage. Finally, hybrids 

should be introduced as resistant to this disease, which have shown a suitable reaction to the fungus in 

all three methods. 
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 .�1V1 -  91� e��)�� 7)�
=9�: \��)� ���1)���� ���L�!  

Table 1. Analysis of variance for disease severity of late-maturing maize hybrids 

Pre-germination  resistance Silk resistance Ear resistance df Source of variation 

  ns25.27  ns1.28 2  Replication  
⁕⁕1.94  ⁕⁕140.37  ⁕⁕86.07  15  Genotype  

0.39  29.75  3.99  30  Error  
ns and * Not-significant and significant at 1% probability level, respectively. 

 

 

 .�1V2 -  9�: ���1)���� ���8� 7CBgI��J M!�;# �� F. verticillioides 7)�# D�� 7� �! ���O�!�Q ����$  
Table 2. Summary of the behavior of maize hybrids against F. verticillioides in screening with three inoculation 

methods 

Code               Hybrid 
Silk 

resistance† 

Kernal 

resistance† 

VE stage 

resistance† 

H1 KLM91005/3-1-2-2-2-1×B73 21.66bc (MR) 10de (R) 4a (S) 

H2 KLM91001/2-2-2-1-2-2×B73 21.66bc (MR) 14bc (MR) 2cde (MR) 

H3 KLM91001/2-2-2-2-1-1×B73 12.33c (MR) 11cd (MR) 2cde (MR) 

H4 KLM91001/2-2-2-2-1-2×B73 14c (MR) 6.33ef (R) 3abc (S) 

H5 KLM8918/1-4-1-1-2-1-2-1×B73 23bc (MR) 10de (R) 1.3e (R) 

H6 KLM8915/1-3-1-8-2-2-1-1×B73 35a (S) 6.6ef (R) 1.6de (R) 

H7 KLM8917/1-8-1-1-1-1-1-1×B73 35a (S) 6.3ef (R) 2.6bcd (MR) 

H8 K47/2-2-1-4-1-1-1×K3640/3 16.6bc (MR) 3.5fg (HR) 2.3bcde (MR) 

H9 K47/2-2-1-4-2-1-1-1×K1264/5-1 27ab (S) 11cd (MR) 3abc (S) 

H10 K74/1×K1264/5-1 20bc (MR) 9de (R) 2.6bcd (MR) 

H11 KLM76004/3-5-1-2-2-1-1-1×K1264/5-1 14c (MR) 2.33g (HR) 2.6bcd (MR) 

H12 K18×2-CHTHIY,2002/90/77-3×K3640/3 16.6bc (MR) 7.33de (R) 1.3e (R) 

H13 K47/2-2-1-2-2-1-1-1×K3640/3 15c (MR) 6.66ef (R) 2.3bcde (MR) 

H14 KLM82010/1×K3640/3  22.6bc (MR) 6.33ef (R) 2.6bcd (MR) 

H15 KSC704  17.3bc (MR) 16.3b (MR) 4a (S) 

H16 KSC706 18.3bc (MR) 24.3a (MR) 3.3ab (S) 
† VE, post-germination stage; R, resistant; MR, moderately resistant; HR, highly resistant; S, susceptible. 

  

 
d�y �p�)N�>!� E $��	O� �L= �)� =	�Y���  M!�J

�� �� ��L�')f ��>&�7� 7!� N����1#� N� � ��~ 

D�� �#$E)����� )� �#$E)4 ��7k���  7� ��1� �	V�

�! (E $ (	�!� .�!�Q��� �#��;#�  �� 7�)T ����  uB#��

�O�! # ��� (�����	�� ��� ���Z�� )Reid et 

al.,1996.( ��	OE.B! �$�� �� $)K 7�� � ��T&�� 

��@!)P D���! ��� $�)!�� ��Y N#��;#���  7!���L�! 

1"�0� )Munkvold and Desjardins, 1997; 

Robertson et al., 2006.( )P D�� �� �� \�� �!

 �� ����� ���	OE .	L�# D���1� ��@"��6 7'��#1� .

�.� D�� 7)�#D�� M#�� ������# ��$ Sg$ ��
) ���

.B! ��  N� 7��� � 9��] 7&L] u_	L�#�7$��� 

#��1""� $)� 0!���� �	#  �	# $Y	O	8)T ����  ��� �

#�1�$. 7)�# �%�� D�� (	�0����	� 4>6 K)�� $ ��$

 T&�� .���� (��� 7! K)��= �) T&�� .���� ��� ���	��

7!��# 7� (1� ��	OE f)�� ����� )T ���� #�(�!� 

Q��Lg$� .N�  ���0�L� 70)�;# �! r��=� �� �=��O�d#

 F)��� 7� N� �1� %�
� T&�� .���� � .B! N#��;# P�!

(E(��� ��1"�� ���0�L� �9��Z�# �	! D�� �� P�! 

)Chungu et al., 1996; Lemmens, 2010; Loffer 

et al., 2010.( e"LO )Lemmens, 2010(  ���0�L�

�"�)�6 )r=0.12(  N#��;# l	� �� P�! �D��� �� .�

X�=	�Y 4"�� P�"kL� l	� �� �� 7! q&�># ���

X�=	�Y � �	! 9��Z�# ��)1�) �! N#��;# �L� ��� �� 7!

1��� (��� ����"# 4"�� �D�� �� )Loeffer et al., 

2010.( X�=	�Y 9��Z�# 4"�� P�8�� �R� �� �! �� 7! ��

 N#��;# P�! r��=� N�L� � ����� ���	OE D�� ��

7! .B! � T&�� .���� 7�C	= �S� �$	# D�� �� (	"'

�#  !�"# N#��;# �!�)$� ��! D�� �� �� $ �= �	�

�����	� ���Z�� ����! ��	# � )Mesterhazy et al., 

2011( X�=	�Y N)�@� �� � �� a��"# 4"�� ��� ���

7! D�� �� ��.1�	� �8��# %��;# (	"'  

701  



.�!�Q ����)��1�  9�:�� �!�! I��J Fusarium verticillioides                =��� ���� /9BQ 9�;�;<��L� /S�� (��0!�= /%�� �1402 

 N#��;# 70)�;# $ MC�] F)���16  \��)� 1)����

 9�:��	OE D�� �� �� �! 7� �� (��� ��$��4�!�= (E ��

u���0� N#��;# yd�  ��)1�) $ D�� �� �� �� � ���0�)

 (���1���  �� 9��Z�# N#��;# yd� �! X�=	�Y 7� �@"= �

�!N�� �	V� I��J ���� D�� �� �� �! .�1V)2 .(

7!.��# (	"'� 1)���� �T&�� .���� K)��= D�� �� ���

H6 �H7  �H9 ���L�! 7! \�0] 1��	!� �O�] �� $ 7�

N#��;#) .� l	� N#��;# �R� (.B!� X�=	�Y P) ��

7!7L�� /%��;# ���1)���� (	"' P) .1�1� �8��# %��;#

�# (��� F)��� �!�)$� D�� �� 7� ��1)���� P) 7� 1��

7'��#7! .B! �� Sg$ ��
) K)�� $ � X�=	�Y (	"'

N� �1� �8��# %��;#�  �� 7'��# ����� f)�� �� ��

�1�"� �_�! ���	OE �! f�<# �1�	� N�� ��!	� ���

 uB#�� ��"�� N� P�L#  (��� �	g $ 9��Z�#1"��  �

 uB#�� .1�	� �!�)$� ���L�! 7! \�0]  

X�=	�Y �!�)$� D�� ��!���! ��D�� �  %	&�	") K)��=

7! ��
) D�� �! 70)�;# �� �T&�� .���� Mg� �� Sg$

S� �)�L= �.B!X�=	�Y P�! ��= 7! N#��;# �R� $ ��

7! .��� ��
) ���L�!��	�X�=	�Y 7� 7! N#��;# �R� $ ��

 ���� �� 7! ���L�!7L�� �%��;#7L�� \�0] � %��;#

7���7! .1�1� �1"!  7! \�0] 1)���� 7� ��"���

X�=	�Y �)�� P�! ��1"s ^B�g D�� P) �! ���L�!�� 

7L�� ���� �� �@�E �#�L= � 1�� �1���# .1"�8�� ��J %��;#

X�=	�Y P�! �1� ��
) �)�L= 7� N� �O�] �� P) $ ��

 .� l	� N#��;# �!�)$� D�� �� ���L�! 7! 4"�� �R�

l	"�# ���0! �(.B!) uB#�� ���� 7� �� ��1)���� � �	! �= 

7L�� � %��;# �%��;#1� .1"�8�� ��J %��;# ��
) ���L�! 9

 D�� $ �=_�! ���0! �T&�� N#��;# �!�)$� D�� �� �1�

�	! .B! �� Sg$ ��
)� !7��	� .���� K)��= D�� �� 7�

T&��� 7L��%��;#P)�= 1)���� )H3( ���L�! 91� �3/12 

\�0] � 1C����1)���� P)�= )H6, H7(  ���L�! 91�

35  ���L�! 91� �1' .1"��� 1C�� Sg$ ��
) D�� ��

 ��!1)���� 7L��%��;# )H16( 3/24  ��! � 1C��

���0! 1)���� %��;# )H11( 3/2  .�	!  

�
�E $�) 7� I��J 7! 9�: ���	OE N� P�L#

�$	8)%	 7�Z� �����  �?! N��� $ e6 .�1�Z�! ��Z= �

)��
 &�=��6� �!� $�)!�� )P � $ 7&]�#��� �!� 

=	�Y U�>���X��� 7L��N� S@# %��;# )Roman et 

al., 2020.( P)�!�"!�  ��1� ��: D�� �� �! ��B' 4"��

 \��)� ���1)����I��J 7! F. verticillioides � �

7�	V $ e6 7&]�# 7&]�#) �?! ��$VE �!�)$� S� (

 �\�0] ���� 7� �� D�� P) �! ��1)���� .1�1�

7L��%��;# � %��;# 7��� M��J $ �)��1)���� .1�1� �1"!

H1 �H4 �H12 �H15  �H16 ��)$ 7&]�# �� 7� )R6( 

7! .B! � T&�� N#��;# �R� $ �) %��;# ���1)���� (	"'

7L�� ��V ��)�� 7&]�# �� �1��	! �1� D��� %��;#

7��� \�0] ���1)���� 1)���� .1�1� �1"!H9  7� S�

���0] 4"�� ��)�� 7&]�# ���	! ��� (��� �	g $ N� 

 T&�� N#��;# �R� $7!1)���� (	"' 7��� \�0] �1"!

1�� 7L�� ���1)���� ��V .B! N#��;# �R� $ �O� %��;#

 M��) �	!1 .(  

7)�# ��$.B!��  f�	=Sg$ ��
)  7� ��� N!�j)T 

��� �! D���) .�!�Q 7! ���J 7� N� _�!��� �LV�N ��

O	= 7&]�# ���17#���! �� 9�: M�# �]BC ��� N� �

�#1�	= =	�Y 7��	=�X���  N#��;# �! 9�: 7! _�!  

F. verticillioides � @0=�M .1"� O	���#1 P)���
�� � 

)Munkvold and Desjardin, 1997(  4;� 7! 7V	= �!

 �N#��;# l	� 7� 1���� ._1��F. verticillioides 

!�4�= �� $)K T&�� 9�: � ��# ��	OE�1"��!�"! .)P� 

7)�#T&�� ��$ ���"# D��� �!� �!�)$�  N� N#��;#

 7� N&' (E ����0� ��!���X�=	�Y N#��;# ����! �� ��

p	= ��y #� �! .1��)P �.�] ��� �	V� ���)$ 9��O�d#

 7� �!�)$�#N#��; 7! .B!M�O� �6)�1� �=_�! � Z#��=1 

�#1"�� )Chungu et al., 1996;  Löffler et al., 

2009; Löffler et al., 2010; Lanubile et al.,  

2014; Szabo et al., 2018.( 4�!�= X�=	�Y �! 7� �)��

�1� �!�)$� D�� �� ���	OE 7! � �@!��# 4"�� �1�

��� (��� D�� �� �� $ ����1� )Eller et al., 2008.( 

4�!�=  �7"�#$ P) �� �1� %�
� 9��O�d#)P ���7
  �

�=�)1 ��0�L� 7� 1�������� !�P  a&Q N#��;# ��V ��

S� S� �!���	6� $ �1�= � 1���)��� � $���)��1 7! �	�

 7!��# ���	OE D�� �� �� 7!# (��� 4"���1"�� 

)Chungu et al., 1996;  Löffler et al., 2010; 

Lanubile et al.,  2014.(  �1� 7)� F)��� 7! 7V	= �!

�#7
��� (	=7� ��� ����  N#��;#.B! 7!�)�5  ��

 7� T�g K��"# ��j�=7)�# .���� ��$T&�� 0!��� S� �=

7!# �R��1��N�L� � 4�!�=� ���. 7! �� ���@! 9���'

X�=	�Y N#��;# �!�)$� D�� ��1��	6 7! 9�: ���

 �9�: .B! �#	)�$	8�#	= N#��;# �!�)$� D�� $ (

7! .B! ���Z�� �&C D�� (	"'�� N#��;# �!�)$�  .�

711  



                                                                    (���L� � ��L�        =BQ 9�;�;< /9S����� ����/  ���L�%��/ (��0!�= 1402 

�# T&�� .����7! 1�	= ��! �O��"� D�� T) (	"'

X�=	�Y �O�L�] N���0] �!�)$� %��;# 7L�� /%��;# ���

 ���� N�L� D�� P) �! ���	OE 7� U	��# K��"# ��

�= P�"kL� .�	� ���Z�� 	"�7�O�d# ( 7"�#$ �� �

X�=	�Y N#��;#7�	V 7&]�# �� 9�: ��� 9�	C ��$

 $ ��1�= 9��Z�# 4"�� 7! 7V	= �! .�	! 7�8���

7&]�# �� 7�O�d# P) �� �1� ����! ���1)���� 4�6 - 

7�	V��$ � (��# 1�� I��J 7!9�	C  ����� �� N�8�1�

�# 7�C	= �	�SJ�1)1V ���  P) �� �8��# .�] ��

 �)��1)���� N)�@� �� .1�	� �!�)$� S� �1�� 7&]�#

7! D�� 7� �� �� 7� 1�	� �8��# ���L�! 7! %��;# (	"'

��� (��� I��J 7! ����"# 4"��.1�  

  

 

   

 M��1- �;#)70  4"��16 ����)1 $� D�� 7� 7! 9�:)!�� ! 7! N#��;#���L� F. verticillioides(	�� . ��� � �#�J ��!E ���

7!7�	V $ e6 7&]�# N#��;# � T&�� .���� N#��;# �.B! N#��;# N#��;# a�=�=�# (��� � ��$.1"��  
Figure 1. Comparison of reaction of the 16 maize hybrids to three evaluated methods of disease resistance to  

F. verticillioides. Blue, red and green columns represent the kernal resistance, silk chanel resistance and VE 

stage resistance, respectively.    
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