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Abstract  

Fusarium wilt caused by Fusarium oxysporum f. sp. lycopersici (Fol) is one of the most destructive tomato diseases. The disease control 

through induction of resistance by biocontrol agents is a management strategy to reduce application of chemical fungicides. So, in this study 

the efficacy of 10 native Trichoderma isolates in induction of resistance against the pathogen was evaluated. In greenhouse, phenotypic 

evaluation of induction of resistance by Trichoderma isolates with stem-injection and split-root bioassay methods showed the least disease 

severity and incidence significantly (p≤0.05) in Trichoderma harzianum Th-14+Fol and Trichoderma atroviride Ta-30+Fol treatments. The 

results of study of rhizosphere colonization ability of Trichoderma isolates by serial dilution method, revealed maximum population density 

in these two isolates. The disease severity showed negative correlation with Trichoderma population density. The activity of polyphenol 

oxidase and peroxidase increased significantly (p≤0.05) in the plants treated with Th-14 and Ta-30 isolates compared to control (Fol). The 

results of this study can be applied in integrated management of tomato Fusarium wilt. 

Key words: Biological control, induced systemic resistance, polyphenol oxidase, split-root, stem-injection, Trichoderma isolates. 
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Table 1. Disease severity index and incidence of tomato 

Fusarium wilt caused by F. oxysporum f. sp. lycopersici in 

pathogenicity test 
Fusarium 

isolates code 

Disease 

incidence (%) 

Disease 

severity (%) 

Fol-101 56.60 e* 46.80 c 

Fol-102 49.15 g 38.15 e 

Fol-103 39.95 ij 27.45 h 

Fol-104 69.10 bc 51.25 b 

Fol-105 35.00 j 26.25 h 

Fol-106 49.10 g 38.70 e 

Fol-107 47.55 gh 35.00 ef 

Fol-108 55.00 ef 44.55 cd 

Fol-109 43.30 i 30.80 g 

Fol-110 54.95 ef 41.20 d 

Fol-111 62.55 d 49.30 bc 

Fol-112 87.40 a 64.15 a 

Fol-113 42.50 i 30.85 g 

Fol-114 70.25 b 51.20 b 

$e��
� ���� ��	
" �& o=7�9 �� �%&)� aU�� >*    �g�r ;)g78� {���#�

G
-%�
7 �G:%�& $�7�&  ���7� Q='N� �Z�� ;)'� #� �& �#'+7 Q�#2 �� ��

)_�/_ p≤ (��'A� .  
In control treatment the seedlings were completely healthy; 

*The same letter in columns indicates a lack of significant difference 

at p≤0.05 according to Duncan’s Multiple Range Test. 
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Fig. 1. The mean values of severity index of wilt disease caused by Fusarium oxysporum f. sp. lycopersici in stem-injection and split-root 

methods in different treatments. Th14, Th-18, Th-47, Th-12: Trichoderma harzianum; Tc-57, Tc-31: Trichoderma crassum; Ta-21, Ta-30, Ta-58: 

Trichoderma atroviride; Tl-50: Trichoderma longibrachiatum. The vertical bars indicate ± standard deviation (SD). Means with same letters are not 

significantly different at p≤0.05 according to Duncan’s Multiple Range Test. In both methods, the seedlings treated with antagonist isolates and 

healthy control treatments were completely healthy.  
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Fig. 2. The mean values of incidence of wilt disease caused by Fusarium oxysporum f. sp. lycopersici in stem-injection and split-root methods in 

different treatments. Th14, Th-18, Th-47, Th-12: Trichoderma harzianum; Tc-57, Tc-31: Trichoderma crassum; Ta-21, Ta-30, Ta-58: Trichoderma 

atroviride; Tl-50: Trichoderma longibrachiatum. The vertical bars indicate ± standard deviation (SD). Means with same letters are not significantly 

different at p≤0.05 according to Duncan’s Multiple Range Test. In both methods, the seedlings treated with antagonist isolates and healthy control 

treatments were completely healthy.  
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Fig. 3. The reduction of symptom of Fusarium wilt disease caused by Fusarium oxysporum f. sp. lycopersici in Th-14+Fol and Ta-30+Fol 

treatments compared with control (Fol)  in stem-injection (a) and split-root (b) methods, 21th day after pathogen inoculation 
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Table 2. Population density of antagonist isolates in the 

rhizospher of tomato plants 28 day after incubation with Fusarium 

oxysporum f. sp. lycopersici in stem-injection and split root methods. 

 Mean population density (Cfu/g) 

Treatment 
Stem-injection 

method 
Split-root system 

T. harzianum   

Th-14+Fol 15.76 (±1.54)×109 a* 16.82 (±1.41)×109 a 

Th-18+Fol 2.11 (±1.85)×109 f 2.38 (±1.35)×109 fg 

Th-47+Fol 2.59 (±2.33)×109 ef 2.88 (±1.77)×109 f 

Th-12+Fol 1.48 (±1.60)×109 gh 2.01 (±2.84)×109 fgh 

T. crassum   

Tc-57+Fol 3.00 (±1.91)×109 e 3.65 (±2.56)×109 e 

Tc-31+Fol 1.13 (±1.33)×109 h 1.64 (±2.42)×109 h 

T. atroviride   

Ta-21+Fol 5.13 (±2.08)×109 cd 5.92 (±1.36)×109 cde 

Ta-30+Fol 13.68 (±2.88)×109 ab 15.65 (±3.64)×109 ab 

Ta-58+Fol 5.58 (±2.30)×109 c 6.88 (±0.85)×109 c 

T. longibrachiatum   

Tl-50+Fol 3.73 (±1.31)×109 d 5.21 (±2.47)×109 de 

�&�& G
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         �gZ�� ;)'g� #g� �& �#'g+7 Q�#g2 Gg:%�& $g�7�& �g�r ;)78� {���#�


�37 Q='N�  �& ��&_�/_ p≤ ��'A�.  
Data represent mean (±standard deviation) of colony forming 

units per gram soil; Control plate (Fol) had no antagonist colony;  

* The same letter in columns indicates a lack of significant 

difference at p≤0.05 according to Duncan’s Multiple Range Test. 

  

#� S
B $3U�Y7 G,� d,�'% {��� $�)� ;���
� ��	
"  
-%#�

$,��� ��  @A
%)��'%� ���Th-14  �Ta-30  0�)" � �^*7 �)5 $�

$,�7 ;� P�4%& $� � a� ��  #���	
� �� 
%8Fol   a,^g%� ��g.U�  g� ��

Th14+Fol Fol 

Fol Fol Ta-30 

a b 



 �&
'� (�<��
= � � :����� ��	
 ����
� ���� ���
�� �
��� �� 
������	� ���
 �
�  �
 ���	�Fusarium oxysporum f. sp. Lycopersici ... ��	

 
g�37 �)5 $� �� 8��
A9� V�� 
�B � 8��
A9�#B  ���&)_�/_ P≤ (

 ���� ��	
" �� $A,�.7 �&)Fol ( &�& S,�^��) V:��>  V:�� .(  
  

 (���C[         
g�&#7MB ���g	
� ��g� �N�g� S��g9 G
g� ~�g4"��

@A
%)��'%� @
3	� a9�#" � 
7),��8)�  $g�)� #���^,� �& ��   �& �
g-%#�

I�� $+,� T
:�" � $Z�� $� X,�^" ���  
Table 3. The correlation between reduction of disease severity 

index and population density of antagonist in tomato rhizospher, in 

stem-injection and split-root methods 

Bioassay 

methods 

Correlation 

coefficient (r) 

Regression 

equation* R-square 

Stem-injection -0.697 Ŷ=29.413-0.153X 0.73 

Split-root -0.708 Ŷ=24.982-0.127X 0.78 

* ��)c $� ;)
�#�� 
YN $U&�37Y=β0+β1×X 
7  ����):β0  �#1

 >��47 8�:β1 >WN !
� :Y >$'A��� #
C'7:X V.'A7 #
C'7.(  
*The equation of linear regression is as follows: Y=β0+β1×X (β0: 

intercept; β1: slope; Y: dependent variable; X: independent variable). 
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Fig. 4. Effect of tomato treatment with Th-14 (T. harzianum) and Ta-30 (T. atroviride) isolates on polyphenol oxidase activity, individually and 

in combination, at 0th, 7th, 11th, 14th, 17th and 21th days after Fol (F. oxysporum f. sp. lycopersici) inoculation. The vertical bars indicate ± standard 

deviation (SD). Each value represents the mean of four replicates. The means with the same letter indicate a lack of significant difference at p≤0.05 

according to Duncan’s Multiple Range Test. Comparison of means between different treatments is on the basis of each sampling days.   
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Fig. 5. peroxidase activity in tomato seedlins treated with Th-14 (T. harzianum) and Ta-30 (T. atroviride) isolates, individually and in 

combination, at 0 th, 7 th, 11 th, 14 th, 17 th  and 21 th  days after Fol (F. oxysporum f. sp. lycopersici) inoculation. The vertical bars indicate ± standard 

deviation (SD). Each value represents the mean of four replicates. The means with the same letter indicate a lack of significant difference at p≤0.05 

according to Duncan’s Multiple Range Test. Comparison of means between different treatments is on the basis of each sampling days. 
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