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 Root rot and crown rot caused by Fusarium oxysporum f.sp. radicis-lycopersici (Forl) 
is one of the most serious and complex wilt root rot diseases affecting crops of tomato 

(Solanum lycopersicum L.) over the world. In this study, the antagonist effect of 

nonpathogenic Fusarium oxysporum strain Fo47 on the pathogen Forl was evaluated in 
vivo, in growth chamber by using two bioessays, in which, the investigated mechanisms 

involved the direct antagonism, including a competition for nutriments and root 
colonization, using a temporal separation of the antagonist ant the pathogen on the one 

hand and inducing systemic resistance to the tomato plant, using a physically separation 

of the antagonist and the pathogen to the same plant root level with a split-root method 
on the other. Results obtained from the two bioassays showed that the nonpathogenic 

Fo47 have significantly reduced the incidence of the disease while being separated in 

time or space of the pathogenic strain, especially when they were applied a week before 
it. These results have important practical implications for biocontrol of tomato diseases 

under commercial conditions. 

 

 

© 2014 AENSI Publisher All rights reserved. 

To Cite This Article: Bouras Aïcha, Hamini-Kadar Nisserine, Si Mohamed Abdeslem, Benaouali Hadjira, Benichou Soumaya Lalia, Kihel 

Mebrouk and Henni Jamel-Eddine., Antagonist effect of nonpathogenic Fusarium oxysporum strain Fo47 on Fusarium oxysporum f. sp. 

radicis-lycopersici the cause of fusarium crown and root rot in tomato cultivation. Adv. Environ. Biol., 8(10), 50-56, 2014 

 

INTRODUCTION 

 

The tomato cultivation occupies a prominent place in the Algerian agricultural economy, as in many 

countries, it ranks the first place after the potato cultivation, where nearly 33 000 hectares are devoted annually 

to the tomato crop (vegetable and industrial), given an average production of 11 million quintals and average 

yields of about 311 Qx/ha [16]. 

Thus, although it has known in the recent decades a significant  development, average yields are still low 

and quite remote from those found in other Mediterranean countries (Tunisia, France, Morocco, Spain) tomato 

producers, where yields vary between 350 Qx/ha and 1500 Qx/ha [8].  

However, this premiere knows, serious problems which are causing losses to gain considerable, related to 

the pathogens pressure, including harmful sponger interference roots.  

Thus, Fusarium oxysporum Schlect f.sp radicis-lycopersici Jarvis and Shomaker (Forl) responsible of 

Fusarium crown and root rot, is known among soil-borne diseases the most devastating of the tomato crop in the 

worldwide [10] and one of the most serious fungal diseases and more difficult to control, which is a veritable 

scourge for this interest economic culture, thereby eliminating these ubiquitous pathogens is not easy because 

their saprophytic power and their ability to colonize non-host plants allow it to survive in adverse conditions, 

and they are able to persist in infested soil for more than 10 years in the absence of tomato plant [5]. 

However, despite the economic losses that they cause, the control of these pathogens is still limited to 

prophylactic measures, from where there does not exist currently any really effective means to completely 

control this devastating disease, of which epidemic character, added to the strong potentialities of conservation 

of pathogen in soil; the absence of really resistant vegetable genotypes; as well as the inefficiency of the 

chemical methods and their abusive use causing pollution of the environment and affecting the consumers 

health, all that has lead to the use of other alternative methods such as the biological control seen to minimize 

the damage induced by this pathogens without adverse effects on the environment or on the consumer health.  
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Thus, it was shown that nonpathogenic F. oxysporum strain Fo47 isolated from a suppressive soil to 

Fusarium wilt at Châteaurenard, France, protect several plants such as melon, cyclamen and tomato of their 

respective special form [2] while entering in competition for infection sites on the root surface and for nutrients 

(e.g., carbon and iron) with the pathogenic F. oxysporum [4,3] as well as the induction of resistance at the plant-

host [19,10], which limits their infectious activity. Therefore, its efficacy at reducing the severity of Fusarium 

wilt caused by F. oxysporum Schlechtend. f.sp. lycopersici W.C. Snyder & H.N. Hans. has been demonstrated 

several times [10,19,1] but never against Forl. 

Given what has been stated above, the aim of the present work is to assess, in tomato plants, the antagonist 

effect of nonpathogenic Fo47 on the pathogen Forl, where two bioassays were used in which, the investigated 

mechanisms involved the direct antagonism, including a competition for nutrients and root colonization, using a 

temporal separation of the antagonist and the pathogen on the one hand and inducing systemic resistance to the 

tomato plant, using a physically separation of the antagonist and the pathogen to the same plant root level with a 

split root method on the other. 

 

MATERIALS AND METHODS 

 

Fungal strains and inoculums preparation: 

The nonpathogenic strain F. oxysporum Fo47, initially isolated by Alabouvette et al., from a suppressive 

soil located at Châteaurenard (France), and the pathogenic strain Fusarium oxysporum f.sp radicis-lycopersici 

Forl12, isolated from a diseased tomato from Morocco in 1995, were given by Christian Steinberg (INRA, 

Dijon, France) to be used in the present study. 

The fungal strains were grown on PDA (Potato Dextrose Agar) for 7 days at 28°C, and then they were 

grown in 150 ml of minimal liquid medium at 28°C on a rotary shaker (125 rpm) [6]. After 5 days of growth, 

fungal cultures were filtered through a sterile filter paper in previously sterilized tubes. 

The concentration of the microconidia suspension was determined with a haemocytometer and adjusted by 

dilution to the desired concentration for plant inoculation to obtain a 10
6
 spores/ml. 

 

Tomato plants preparation: 

The tomato (Lycopersicon esculentum) variety hybrid F1 Montfavet 63-5, susceptible to Fusarium wilt and 

Fusarium crown and root rot, was used in this experiment. Seeds were surface sterilized in 5% sodium 

hypochlorite for 3 min and rinsed three times in sterile distilled water. Seeds were planted in heat-treated clay 

(120 °C under pressure of 1 bar for 30 min) distributed in plastic pots (with 6.5 cm in diameter). Plants, one per 

pot, were cultivated in a growth chamber at 25°C during the day, with 12 h photoperiod and 15°C at night. They 

were watered daily and fertilized twice a week with KNOP nutrient solution for rooting. 

Two biological systems were used. In the first one (called plants system with one hypocoltyl), the 

separation was temporal (Figure 01), when 5 week-old tomato plants carrying five or six fully expanded leaves 

were used. In the second system, 3 week-old tomato plants were used in which a half of the seedlings were split 

in two parts, with a scalpel, from the hypocotyl down to the root system. Each half of the root system was 

planted in a separate plastic pot (6.5 cm in diameter) filled with previously sterilized mixture of clay and sand 

(Figure 01). This so called split root system (the separation was spatial), performed in order to physically 

separate the antagonist and the pathogen. [15,10,7].  

 

Tomato plants inoculation: 

In the first system (plants system with one hypocoltyl), the separation was temporal, where 5 week-old 

tomato plants were used, in which, there root system was watered with 10 ml conidial suspension (10
6
 

spores/ml) of either the pathogen or the antagonist.  

In this essay, three experiments were performed. In the first one, antagonists were added one week before 

the pathogen spores were added, in the second, antagonists and the pathogen spores were applied at the same 

time, and in the third experiment, antagonists were added one week after adding the pathogen spores (Figure 

01). 

In the second system (plants system with double hypocoltyl or split root system), the separation was spatial 

and temporal in the same time, when two days after transplanting, time judged necessary for tomato plants 

recuperation, one side of each split plant was watered with 10 ml conidial suspension (10
6
 spores/ml) of 

antagonists and added to the media (a mixture of clay and sand) one week before the pathogen spores were 

added (Figure 01).  

Tomato plants treated with Forl or distilled water were used as controls. Three repetitions were used in each 

experiment and all treated tomato plants were placed in a growth chamber adjusted at a temperature of about 

25°C during the day, and 12 h photoperiod and 15°C at night.  

The disease severity was recorded on 0 to 3 visual scales, according to Vakalounakis et al., [22] 30 days 

after inoculation: 
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0 = no symptoms, 

1 = light yellowing of leaves, light or moderate rot on taproot and secondary roots and crown rot, 

2 = moderate or severe yellowing of leaves with or without wilting, stunting, severe rot on taproot and 

secondary roots, crown rot with or without hypocotyls rot, and vascular discoloration in the stem, 

3 = dead seedlings.  

Disease incidence was determined using the following formula [20]: 

  

 
 

 
 

Fig. 01: Description of the two bioassays used to demonstrate the induction of resistance to Fusarium crown 

and root rot in tomato plants by nonpathogenic Fusarium oxysporum strain Fo47. The pathogen used 

was F. oxysporum f. sp. radicis-lycopersici Forl12. Details described in text. [10] modifiedResults: 

 

One hypocotyl plant system:  

The temporal separation of Forl12 and Fo47 shows the importance of a time inoculation of the antagonist 

and the pathogen. Thus, the tomato plants inoculated with antagonist a week before the pathogen don’t present 

any disease symptoms (Plank 01 and 02), contrary to the ones inoculated with the antagonist a week after the 

pathogen, where the yellowing and wilting symptoms (Plank 01) and root rot (Plank 02) were shown like if it 

are no treated. Thus, the disease incidence was slightly reduced for plants inoculated with antagonist and 

pathogen in the same moment, where a slight yellowing of leafs was shown (Plank 01) with a slight root rot 

beginning from the lower pivot (Plank 02). 

 

Double hypocotyl plants System (split root system): 

In spite of physical ant temporal separation of Forl12 and Fo47 in a root level of the tomato plant, the 

antagonist has significantly reduced the disease incidence and this when it’s given a week before the pathogen. 
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Thus, the results obtained show no disease symptoms and plants shown healthy and without wilting symptoms 

(Plank 03 and 04). 

Thus, the observations of the root system show that the first half of this one, treated with Fo47, had a good 

development compared to the one inoculated only with Forl12, but it’s remarked that this later don’t show any 

root rot and necrosis symptoms (Plank 04). 

N.B: Nonpathogenic strain Fo47 can be isolated only from root systems where it’s firstly inoculated.  

It ever colonize the other part of the root system neither the stems of tomato plants. 

 
Plank 01: Comparison between a healthy plant (A) and inoculated and treated plants with   Fo47 a week before 

Forl12 (B), Forl12 and Fo47 inoculated in the same time (C), Forl12 inoculated a week before Fo47 

(D) (cv. hybrid F1 Montfavet 63-5, 30 days after inoculation). 

 
Plank 02: Comparison between root system of a healthy plant (A) and the inoculated and treated plants with 

Fo47 a week before Forl12 (B), Forl12 and Fo47 inoculated in the same time (C),  Forl12 

inoculated a week before Fo47 (D) (cv. hybrid F1 Montfavet 63-5, 30 days after inoculation). 
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Plank 03: Comparison between an inoculated and no treated plant (A) and an inoculated and treated plant with 

Fo47 a week before Forl12 (B). (cv. hybrid F1 Montfavet 63-5, 30 days after inoculation). 

 
 

Plank 04: Comparison between a root system of an inoculated and no treated plant (A) and an inoculated and 

treated plant with Fo47 a week before Forl12 (B). (cv. hybrid F1 Montfavet 63-5, 30 after 

inoculation). 

 

Discussion: 

 The aim of this study was to assess, in tomato plants, the antagonist effect of non-pathogenic Fo47 on the 

pathogenic Forl12, although they are separated in time or in space. 

According to the obtained results, the hypothesis was confirmed, where the two biological systems used 

show that the Fo47 strain is capable to reduce the disease gravity caused by the pathogenic Forl12, by being 

separated in time or in space to the pathogenic Forl12 strain.   

This separation suggest that the reduce of the disease isn’t be to a direct effect of Fo47 on Forl12 (nutrient 

competition and root colonization) only, but pass by the plant [18,1], where the induction of a local resistance 

that can be translate by the cytological modifications (elaboration of structural barriers and formation of cell 

wall thickenings) [11] or the augmentation chitinase, glucanase and glucosidase activity in the treated plant [21, 

10,19, 12].  

 Thus, in the two biological systems used, the addition of the nonpathogenic strain before the pathogenic 

one, has reduced the disease incidence, this explains that this period of time it’s so necessary to the resistance 

induction can be happen [14]. A many similar cases were reported by many works, like for example the 

induction of the tomato resistance to Fusarium wilt caused by F. oxysporum f. sp lycopersici by using the 

nonpathogenic F. oxysporum strain Fo47 [10, and cucumber resistance to Fusarium wilt [13], as well as tomato 

resistance to Fusarium wilt by using a pathogenic carnation F. oxysporum [13,17], in witch the physiological 

modifications of the plant were not searched. 
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Conclusion: 

The biocontrol of F. oxysporum f.sp radicis-lycopersici (Forl12) by using nonpathogenic F. oxysporum 

(Fo47) in vivo shows that these later have significantly reduce the disease incidence, although they are separated 

in time or in space to the pathogenic strains, particularly, when they are added one week before these one, time 

judge necessary so that resistance induction can happen, significant thus, that this separation shows that the 

reduce of the disease incidence isn’t be to a direct effect of Fo47 on Forl12 (nutrient competition and root 

colonization) only, but pass by the intermediate of plant, where the induction of a local resistance. 
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