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Abstract 

Study on relationships between resistance and its components will improve the efficiency of a breeding program with appropriate selection 

criteria. In this study, 57 endemic landrace and differential genotype of melon were studied to find the relationship between resistance and 

resistance components to Fusarium oxysporum f. sp. melonis in a randomized complete block design with three replications. 13 traits, 

including the percentage of dead plants and biochemical and morphological characteristics were evaluated. The simple correlation coefficient 

were significant at 1% between the percentage of dead plants with traits such as latent period, disease severity, the area under disease 

progress curve, peroxidase, polyphenol oxidase, phenol compound, catalase and superoxide dismutase. The results of the factor analysis 

showed that three independent factors justify 80.24% of the total variance. So that three factors were named as the viability and biochemical 

characteristics, root features and shoot features. The results of path analysis showed that superoxide dismutase due to the high direct effect 

and high indirect effects through other traits can be used as an indicator for increasing resistance to Fusarium oxysporum f. sp. melonis race 

1.2 (Fom 1.2). 
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Table 1. Name and number of melon genotypes used in the experiment 
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No. 

��.� J�.
K  
Genotype name 

L�4 DM� �:#  
Area of origin  

����  
No. 

��.� J�.
K  
Genotype name 

L�4 DM� �:#  
Area of origin  

1 Ghasri1 Khorasan 30 Zard-Eyvanakey Garmsar 
2 Shadegani Khorasan 31  Charentais Fom1 INRA 
3 Dastanboo atashi Khorasan 32 Tashkandi2 Khorasan 
4 Ananasi Market 33 Mashhadi Khorasan 
5 Gorgab-e bozorg Esfahan 34 Isablle INRA 
6 Japalizi1 Khorasan 35 Behta minoo Market 
7 Jalali Semnan 36 Ananasi2 Market 
8 Charentais Fom2 INRA 37 PI124112 INRA 
9 Poost zard Seman 38 Vrgous INRA 

10 Suski Seman 39 Biarjmand Shahrud 
11 PMR-5 INRA 40 Bandar Abbas Bandar bas 
12 Tashkandi1 Khorasan 41 Zydri-Shahrud Shahrud 
13 Khaghani Khorasan 42 Robati Semnan 
14 Jarjoo Gonbad 43 Sabz Isfahan 
15 Sooski2 Semnan 44 Makhrooti-Zard Semnan 
16 Ghasri2 Khorasan 45 Rahmanlo Tabriz 
17 Japalizi2 Khorasan 46 Khaghani-Gerd Khorasan 
18 Khaghani2 Khorasan 47 Dargazi tashkandi Khorasan 
19 Chakherje Gonbad 48 Gorgabe koochak Isfahan 
20 Haj mashalahi Khorasan 49 Khaghani-moshabak Khorasan 
21 Charentais T INRA 50 Hybrid delovro Market 
22 Khatoni sang bas Neyshabur 51 Sefidak Zabol 
23 Gilan Gilan 52 Bahar Hamedan 
24 Shadegani2 Khorasan 53 Ajabshir Ajab shir 
25 PI414723 INRA 54 Hector melon Market 
26 Jarjoo2 Gonbad 55 Magasi Neyshabur 
27 Samsoori Varamin 56 CM17187 INRA 
28 Zard-Ghanari Market 57 Talebi-Saveh Saveh 

29 Honeydew Market    
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 H�/4S   ����	
� dv%m ��	#� )dW�8 %/�_ ( �!E )�,�/ ( ,'{# �� ��� #( 6��/ �U'�N�' V�U�' �,�.g Fusarium oxysporum f. sp. melonis .  
Table 2- Scored symptoms ranging from 1 (no symptoms) to 4 (dead plant) in the differential cultivars  

inoculated with races 1.2 of Fusarium oxysporum f. sp. melonis 

G��C�� J�G��  
Differential cultivar 

��T.  
Race 

C�� ���.
$� ��� � U+VE W�A���
��# /; ��/Y�
C�� �$ � '�$�
��  
Symptom severity scale/Nº of plants scored 

1 2 3 4 5 Mean value 

Charentais T 1.2 - - - - 30 5.00 

Charentais Fom1 1.2 - - 9 13 8 3.96 

Charentais Fom2 1.2 - - 11 8 11 4.00 

Vrgous 1.2 - 1 14 5 11 3.96 

CM17187 1.2 - - 16 7 7 3.70 

Isablle 1.2 30 - - - - 1.00 
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 6� �,�W� "W�X � �I��YFusarium oxysporum f. sp. melonis race 1.2  )�('�#' �J'� 08' ��� �,��� ;��� ���#��( �, ��a& ��
�(.  
Table 3- Mean Comparison of traits including peroxidase, polyphenol oxidase, total phenol, catalase, superoxide dismutase, AUDPC and disease  

severity in melon landraces infected by Fusarium oxysporum f. sp. melonis race 1.2 (Unit of measurement of traits listed under the table) 

 ����Landrace    POX PPO PCs CAT SOD AUDPC DSI ���� Landrace   POX PPO PCs CAT SOD AUDPC DSI 
Ghasri1 0.68 0.09 8.58 5.67 13.25 24.69 3.67 Samsuri 0.62 0.09 8.68 5.49 13.31 29.12 3.94 
Shadegani1 0.57 0.08 8.05 4.76 11.55 27.48 4.10 Zarde ghanari 0.59 0.08 8.55 5.22 12.83 26.32 3.70 
DastanbooAtashi 0.72 0.09 8.45 5.49 12.84 28.45 3.61 Honeydew 0.79 0.12 9.75 6.89 16.44 24.01 3.44 
Ananasi 0.63 0.09 8.37 5.39 12.81 25.48 4.11 Zard-e-eyvanaki 0.73 0.09 8.76 5.98 13.73 23.30 2.68 
Gorgab-e-bozorg 0.57 0.08 8.08 4.82 11.61 26.72 4.26 Charentais Fom1 0.84 0.12 9.78 6.79 16.58 22.81 2.23 
Chahpalizi1 0.79 0.11 9.58 6.64 15.91 25.01 2.71 Tashkandi2 0.83 0.11 9.87 6.95 16.70 26.68 2.81 
Jalali 0.71 0.09 8.60 5.81 12.67 26.93 3.16 Mashhadi 0.74 0.10 8.88 5.89 14.09 25.31 3.26 
Charentais Fom2 0.72 0.10 8.94 6.22 14.30 24.08 3.32 Isablle 1.12 0.14 9.87 7.88 29.94 10.29 1.08 
Poost Zard 0.79 0.11 9.11 6.19 14.85 18.62 2.62 Behtaminoo 0.79 0.11 9.36 6.53 15.45 22.68 2.65 
Suski 0.72 0.10 8.78 6.04 13.89 24.82 2.99 Ananasi2 0.65 0.09 8.53 5.67 13.43 26.84 3.41 
PMR-5 0.69 0.09 8.60 5.78 13.56 24.69 3.61 PI124112 0.71 0.10 8.94 6.09 14.40 24.47 3.48 
Tashkandi1 0.60 0.08 8.13 4.92 11.74 27.41 3.80 Virgous 0.74 0.10 9.13 6.31 14.81 26.12 3.14 
Khaghani 0.63 0.09 8.43 5.49 12.77 27.15 4.01 Biarjmand 0.70 0.10 8.94 6.07 14.39 28.00 3.14 
Jarjoo 0.60 0.08 8.11 4.89 11.71 26.42 4.22 Bandarabbas 0.69 0.10 8.68 5.99 13.81 29.91 3.57 
Suski2 0.49 0.07 7.83 4.32 10.76 28.24 4.56 Zeydari 0.61 0.09 8.70 5.51 13.37 25.21 3.68 
Ghasri2 0.83 0.11 9.68 6.80 16.43 27.35 3.08 Rabani 0.72 0.10 9.02 6.18 14.51 22.84 2.87 
Chahpalizi2 0.52 0.07 7.69 4.53 11.23 28.18 4.47 Sabz 0.83 0.11 9.68 6.77 16.41 23.73 2.87 
Khaghani2 0.61 0.08 8.20 5.02 12.03 27.96 3.73 Makhrootizard 0.67 0.09 8.47 5.44 12.84 27.67 3.19 
Chakherje 0.77 0.11 9.21 6.42 15.31 27.04 3.37 Rahmanloo 0.74 0.10 9.40 6.39 15.38 26.31 3.31 
Magasi 0.87 0.12 9.83 7.10 17.39 20.35 2.54 Khaghani-e-gerd 0.66 0.08 8.48 5.56 13.09 25.35 3.65 
Hajmashalahi 0.72 0.09 8.68 5.62 13.48 27.24 3.52 Dargazi 0.75 0.17 9.58 6.66 16.00 26.82 3.32 
Charentais T 0.54 0.07 7.97 4.53 11.18 29.99 4.43 Gorgabe-e-

kuchak 0.72 0.09 8.92 5.91 14.19 22.49 2.97 
Khatooni  
sang bast 

0.51 0.07 7.88 4.38 11.04 29.30 4.69 Khaghani 

moshabak 0.69 0.09 8.54 5.67 13.29 24.94 3.45 
Gilan 0.58 0.09 8.28 5.16 12.52 27.62 3.67 Hybrid delovro 0.73 0.10 9.04 6.19 14.69 26.55 3.78 
Shadegani2 0.53 0.07 8.01 4.67 11.47 30.75 4.98 Sefidak 0.73 0.10 9.10 6.17 14.73 26.19 3.18 
PI141723 0.53 0.08 8.10 4.83 11.72 28.07 4.15 Bahar 0.46 0.06 7.90 4.23 10.68 26.57 4.28 
Jarjoo2 0.74 0.10 9.03 6.42 14.77 28.51 3.49 Ajabshir 0.77 0.11 9.46 6.51 15.68 25.23 3.20 
CM17187 0.61 0.09 8.56 5.55 12.96 27.00 3.97 Hectormelon 0.68 0.09 8.64 5.82 13.49 21.70 3.29 
Talebi-e-Saveh 0.71 0.10 8.70 5.95 13.67 22.57 3.53         

LSD 5% 0.050 0.022 0.611 0.500 1.280 3.53 0.71 LSD 5% 0.050 0.022 0.611 0.500 1.280 3.53 0.71 
LSD 1% 0.066 0.029 0.801 0.656 1.670 4.63 0.93 LSD 1% 0.066 0.029 0.801 0.656 1.670 4.63 0.93 

Peroxidase : O7J�� ('�
7_'�D∆OD / min/mg protein �Polyphenol oxidase :��D   OQ7J�� ('�
7_' ^P�∆OD / min/mg protein �Phenol Compounds :

 �^_ ^P�Catalase :  OQ7J�� (e�!�_∆OD / min/mg protein �Superoxide dismutase :     OQ7J�� (�!�	Q7�, �
Q7_' �D�Q8∆OD / min/mg  �Areas under the 

disease progress curve : � ���	
� 0��)
D �P5P/ ��( cH8Disease severity index :���	
� ���   
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Table 4. The correlation coefficient between traits in melon populations infected by Fusarium oxysporum f. sp. melonis race 1.2 

���  
Trait 

POX PPO PCs CAT SOD SFW SDW RFW RDW AUDPC DSI LP PDP 

('�
7_'�D 
POX 

1             

��D ('�
7_' ^P�  
PPO 

0.82** 1            

^_ ^P�  
PCs 

0.90** 0.87** 1           

(e�!�_  
CAT 

0.96** 0.87** 0.97** 1          

(�!�	7�, �
7_'�D�8 
SOD 

0.91** 0.76** 0.79** 0.85** 1         

��'�� �! 1(� 
SFW 

0.011 0.11 0.06 0.05 -0.02 1        

��'�� f)Y 1(� 
SDW 

-0.06 -0.07 -0.07 -0.08 -0.01 0.34* 1       

6)�� �! 1(� 
RFW 

0.17 0.17 0.19 0.22 0.16 0.40** 0.21 1      

6)�� f)Y 1(� 
RDW 

0.21 0.19 0.26 0.26 0.20 0.38** 0.09 0.48** 1     

 �P5P/ ��( cH8
���	
� 0��)
D  

AUDPC 

-0.71** -0.51** -0.54** -0.61** -0.76** -0.07 -0.005 -0.35** -0.21 1    

���	
� ��� 
DSI 

-0.91** -0.73** -0.82** -0.87** -0.83** -0.05 -0.06 -0.22 -.20 0.77** 1   

1�	_ ���,  
LP 

0.86** 0.71** 0.83** 0.85** 0.70** 0.09 0.09 0.24 0.21 -0.68** -0.96** 1  

�,�/ 1���
� �&�, 
PDP 

-0.82** -0.64** -0.70** -0.73** -0.84** -0.04 -0.09 -0.16 -0.07 0.77** 0.86** -0.80** 1 

*  �** !�! 6�
�PK/ O  ;�	NJ' cH8 �, �',E  �� �&�,.                                            * and ** significant at 5%, 1% probability levels, respectively.  
POX = Peroxidase, PPO = Poly Phenol Oxidase, PCs = Phenol Compounds, CAT = Catalase, SOD = Superoxid Dismutase, AUDPC = Area 

Under Disease Progress Curve, DSI = Disease Severity Index, P.D.P = Percentage of Dead Plants and L.P = Latent Period, SFW = Shoot Fresh 

Weight, SDW = Shoot Dry Weight, RFW = Root Fresh Weight, RDW = Root Dry Weight 
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       0Q/��4/ S�'IQ�' 6Q� �QkP/ �PNQ7� �e�Q� �! � f)Y 1(�

�Y �Q� ��' . �,�Q!       (' �QP!��"m ^Q/�m GQ�' �QZ# (' �Q!�� ��Q� :

                                                 
 � KOH-Aniline blue technique 

�,�!     ��IQ��, ���Q�� �I"Q8 �~�I� L���� �,�( X��M/ ���

  1�QQ�/ ��QQN`� � 6QQ��Y�� �.�QQ"m ��QQP� �fQQ��_ L�QQ���

/ �P��� ./ 1�)# I
# �-�, ��KW�H/     ���Q	
� ^Q/�m 6Q_ �P�,

   �QD (' � Q�,�/{D ���� �U�! ��,�( �m�� ��#�� �,�/{D

�,�QQN�'6QQ!��  QQ/ 1'�QQ� ��QQ�  ,�QQ�)Banihashemi, 1982; 

Etebarian, 2002.(  Q�D 0
��/ 6� 6��! ��     6Q� 0Q/��4/ fQ
#b

Fom 1.2 /   V�Q8 � ;�' ^/'�m G
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�

�,�! �  \�N)/ V�8 � V�, ^/'�m G
� 1��/ ��N`� � I"8 ���

�PN7�. / .�8' G�' ��  GN��� �'�U ^
W, 6� 0a� 1'�!1b   �Q�

\��� ��  ���bPP_ ;�NP_ #�� V�(�/��_ ��� ^/'�m G�'   ��Q�
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 �� 6��Ik! �, 6KW�H/ ,��/ ��a& (' f�6aW�/ 6� 6 ���  �Q&'  �,�Q!  �Q�� 

"W�X � �I��Y  6� �,�W�Fusarium oxysporum f. sp. melonis race 1.2  
Table 5. Eigenvector coefficient, eigenvalues and percentage of 

variance related to any of the trait in factor analysis melon population 

infected by Fusarium oxysporum f. sp. melonis race 1.2 

 �C1��> 

PCA3 

 �C1��S 

PCA2 

 �C1��, 

PCA1  
���/.� ���� �/� #�
;  

Measured trait 

-0.086 0.068 0.969** 
('�
7_'�D  

POX 

-0.164 0.144 0.836** 
�D ('�
7_' ^P�  

PPO 

-0.178 0.154 0.899** 
^_ ^P�  

PCs 

-0.166 0.152 0.937** 
(e�!�_  
CAT 

-0.101 0.047 0.913** 
(�!�	7�, �
7_'�D�8  

SOD 

0.364** 0.691 -0.018 
�'�� �! 1(�  

SFW 

0.899** 0.177 -0.020 
�'�� f)Y 1(�  

SDW 

0.157 0.769** 0.158 
6)�� �! 1(�  

RFW 

-0.170 0.840** 0.137 
6)�� f)Y 1(�  

RDW 

-0.134 -0.142 -0.769** 

 0��)
D P5P/ ��( cH8

���	
�  
AUDPC 

-0.109 0.067 -0.954** 
���	
� ���  

DSI 

0.126 0.111 0.908** 
1�	_ ���,  

LP 

-0.217 0.046 -0.893** 
�,�/ 1���
� �&�,  

PDP 

1.021 1.919 7.492 
�{�� ��,�4/  
Eigenvalue 

7.85% 14.76% 57.63% 
"7# �#���'� 

Relative variance  

80.24% 72.39% 57.63% 
K	k! �#���'� 

Additive variance  
�,'�m' 6*  ��** tM)/ ���  ��#' �'�', C(�' ��N)
� �, 6aW9/ ��� 

�&' �PN7�.  
The numbers with asterisks are the more value in PCA 

  

' ^QQ/�m �, �, �IQQ��, �,�QQ! GN��QQ� �'�QQU � V�QQ8 � ;�

�,�!  �q' ^
W, 6� V�8 � V�, ^/'�m �, 1��/ ��N`� � I"8 ���

  �QQq' G
QQP�	� � ���QQaN/ QQ`
N#b 6QQP
/( �QQ�W� �QQ
r ^QQ��4N/

1b D��!�
�D      ��Q� ^Q&�J 0Q/��4/ ,�Qk�' ��PP_ ;�NP_ ���

08' ./ ��/� 08�� l��N# .�8' ��   G
Q� U%! V�k#' �� 1'�!

�,�! ^/�m �, 6N��� �'�U ���      0Q8, ��QN# 6Q� �Q�NM/ ���

  1b Q)�'I�' 1�Q
� 6k
N# �, 6_ 0���     aQ& �Q� |"!�Q/ ��Q� ��

 ��a& � 	�I#�/V'�#' �� |"!� 6)�� � �'�� ���  0/��4/ �'

/ 1�)# ,�Y (' ��N)
� �P�,.  

�
Q� ��"N� : �� ��a& V�� 6� V�� 6�Ik! (' ^&�J l��N#

 1�)# 6N7�'� �
jN/ 1'�Pm 6� ���	
� 0��)
D P5P/ ��( cH8

 0a& 68 6_ ,',  1�Q	_ ���, � (e�!�_ �(�!�	7�, �
7_'�D�8

 O
!�! 6� �#�� 6W,�K/ ,�'�) ;���w .( 6� ��/� 08�� 6W,�K/

,�� ��( ���&.  
  

Y = 152.05-4.22X1+10.02X2-6.71X3 
  

 6W,�K/ G�' �,Y    ����Q	
� 0��Q)
D P5P/ ��( cH8X1 

  �(�!�	Q7�, �
7_'�D�8 �'�4/X2    � (e�Q!�_ �'�Q4/X3   �'�Q4/

,�� 1�	_ ���, .     G
Q
"! O��Qh �'�', ��Q� �Q_} ;�/o@B/p 

     (' S
Q� ��_:Q/ ��aQ& QPK� �,��o@ %    QP5P/ �Q�( cHQ8

/ 6
��! '����	
� 0��)
D �PP_ .  0Q
�m 6�Ik! (' ^&�J l��N#

) ;���T (    ;�Q/�� �, ��Q� ,�'� ��aQ& G
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4N7/)opA/p  (     0��Q)
D QP5P/ �Q�( cHQ8 �� '�

 0Q�', ���	
� .    (e�Q!�_ sQ��X (' 0aQ& GQ�' )woE/p  ( (' �

 1�	_ ���, s��X)EwT/p  ( ��� �� '� ,�Y d
4N7/ �
r �
q�!

 0QQ�', ���QQ	
� 0��QQ)
D QQP5P/ �QQ�( cHQQ8 . �
QQ7_'�D�8

 ̂ ��QQ"! sQQ��X (' (�!�	QQ7�, O2
-  6QQ�H2O2  1�QQ
#� 0
	QQ8 ('

   �, 6QN��� �Q	k! 1b���
� �
7_'�D ��8 � 6N8�_ �
7_'�D�8

/ �',( d8 (e�!�_ |8�! �|
5/ ,�� .   Q8��� �Q� 6H�'� �,

���	
� ^/'�m 6� 0/��4/ �, (�!�	7�, �
7_'�D�8 d�I#� �q'  '(

 Q/ 1�)# 6_ 08' ��� V�k#'       ^Q/�m 6Q� ��Q
� 0Q/��4/ �QP�,

���	
�  (' �,��( ��,�4/ ���J 6� 6N7�'� �'( �
7_'�D�8 d�I#�

   0Q8' (�!�	Q7�,)Ehsani-Moghaddam et al., 2006; Mandal   
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� ,��� (' �#'�!

      � ^
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Table 6. Stepwise regression analysis of the generating resistance in melon population infected by Fusarium oxysporum f. sp. melonis race 1.2 

�[� � 3

H/� 	 

R2 

�[� � 3

\+"4 	  
R2 

UN(] �6)�� 

Step 5  
J�*2 �6)�� 

Step 4  
J�A �6)�� 

Step 3  
J�� �6)��  

Step 2 

H�� �6)��  
Step 1 

^C�
_��� _�$�  
Input variable 

0.741 0.741 152.05** 180.17** 35.46ns 73.70** 21.17** 
�/ � �� `�E 

Intercept  

0.789 0.048 – -3.72ns 15.39** 11.60** 18.54** 
� �/�
_�� 

DSI 

0.810 0.021 -4.22** -4.57** -2.75** -2.03** – 
Q1��]�A
� /������Q  

SOD  

0.834 0.024 10.02** 10.56** 6.07* – – 
�a���1  
CAT  

0.834 0 -6.71** -8.10** – – – 
'��1 ��� 

LP 

* �**  �ns :!�! 6�
�PK/ O  ;�	NJ' cH8 �, �',E  ��&�,� r � �&�,
�PK/� �', 2  
*, ** and ns: Significant at 5%, 1% probability levels and non-significant respectively. 

  
 H�/4bI Ik!��m 6
� 0
( cH8 G�D �P5P/ �
� 0��)
�8 �� ���	��,�! �, ��a& �  6� �,�W� �"W�X � �I��Y ���Fusarium oxysporum f. sp. melonis race 1.2  

Table 7. Path analysis between percentages of death plant with other trait in melon population infected by Fusarium oxysporum f. sp. melonis race 1.2 
�CQ� �c�
d � U
�CQ� �
�! �� U�e  

Direct and indirect effects through 
��� J�.  

Trait name �[�\PCQ �$ 3 

Correlation coefficient 

'��1 ���  
LP  

�a���1  
CAT 

Q1��]�A
 /

�������Q 

SOD 

-0.834 -0.567 -0.685 0.809 
7_'�D�8
, ��(�!�	7 

SOD 

-0.731 0.469 0.551 0.466 
(e�!�_ 

CAT 

-0.800 -0.701 -0.597 -0.492 
1�	_ ���, 

LP 

  0.407 
U��
��#�	 

Residual 
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