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Abstract 

The aim of the present research was to assess the relative importance of systemic 

induced resistance in the suppression of Fusarium wilt of tomato by non-pathogenic  

Fusarium oxysporum (Avr5). Effects of one isolate of nonpathogenic F. oxysporum (Avr5) 

were tested in vitro and in vivo for their efficacy in controlling Fusarium wilt of tomato. Two 

methods were applied including root-dip-inoculation and soil’s infestation method with the  

F. oxysporum f. sp. lycopersici (FOL). Isolate of nonpathogenic F. oxysporum in vitro did not 

inhibit radial growth of FOL and had no significant effect on reduction growth of pathogen. 

At the same time in vivo nonpathogenic F. oxysporum (Avr5) with concentration of 0.1 ml 

conidial suspensions of 106 conidial/ml per gram soil (100 ml conidia per pot) significantly 

reduced incidence and severity of Fusarium wilt (62% reduction) compared to the control 

pathogen. F. oxysporum (Avr5) only colonized the epidermis of tomato's root but was not 

found in vessels of stems, while the FOL colonized inside of root cells and stems of 

inoculated plants. Plants inoculated with FOL showed disease symptoms after 3 weeks, 

whereas plants inoculated with F. oxysporum (Avr5) or a mixture of both fungi remained 

symptomless for 60 days. In order to induce systemic resistance in tomato plant, three 
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bioassays including split-root, benomyl and cutting systems were used. Results of three 

bioassays indicated that F. oxysporum (Avr5) is able to induce resistance in tomato plants 

against FOL. Non-pathogenic F. oxysporum (Avr5) remained spatially separated from the 

pathogen in plants in the split root bioassay, but in the cutting and benomyl systems F. 

oxysporum (Avr5) and FOL were separated in time, suggesting that these effects were 

systemic in nature. It has been concluded that application of nonpathogenic F. oxysporum 

(Avr5) can be considered as a potential biocontrol agent in next studies.  

Key words: Fusarium oxysporum f. sp. lycopersici, induced resistance, biological control, 

tomato. 
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Introduction 

Fusarium oxysporum (Schlecht.) f. sp. lycopersici (Sacc.) Snyder et Hansen, is a fungal 

pathogen that causes wilt of tomato. Resistant cultivars have been the most effective means of 

controlling Fusarium wilt (Beckman, 1987; Akkopru and Demir, 2005). New races of the 

pathogen have appeared that overcome resistance in currently grown cultivars (Tello-

Marquina and Lacasa, 1988). In addition, chemical control of the disease is not satisfactory, 

and biological control is an attractive alternative to the use of chemicals to control Fusarium 
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wilt of tomato (De Cal et al., 1995). 

The difficulty in controlling Fusarium wilt has stimulated the research in biological 

control independently from the recent concern for environmental protection (Fravel et al., 

2003). Successful biological control systems commonly employ naturally occurring, 

antagonistic microorganisms that are able to reduce the activities of plant pathogens and may 

increase plant growth and health (Akkopru and Demir, 2005). In addition, some of these 

microorganisms induce resistance in host plants, which enhances the plant's ability to defend 

itself from pathogen attack (Shihido et al., 2005; El Hassni et al., 2007). The ability of 

nonpathogenic F. oxysporum and pathogenic F. oxysporum belonging to a different formae 

speciales than the pathogen, to induce plant resistance to fusarioses has been demonstrated in 

several studies (Jolanta et al., 2008; Bao and lazarovits, 2000; Larkin and Fravel, 1999). 

These authors found biocontrol of F. oxysporum f. sp. lycopersici and F. oxysporum f. sp. 

basilica by a non-pathogenic F. solani strain CS-1. 

Nonpathogenic strains of Fusarium spp. have suppressed soil borne diseases caused by 

pathogenic Fusarium spp. and Verticillium dahliae under greenhouse and field conditions 

(Reid et al., 2002; Forsyth et al., 2006; Jian et al., 2009; Malandraki et al., 2008; Iakovos  

et al., 2009). Biocontrol organisms including specific nonpathogenic isolates of F. oxysporum 

and F. solani collected from a Fusarium wilt-suppressive soil were the most effective 

antagonists, providing significant and consistent disease control (Larkin and Fravel, 1998). In 

recent years, the process of plant “immunisation” or induced resistance to diseases received 

increasing attention (Benhamou et al., 1996 and 1994; Kuc, 1987). De Cal et al. (1997) 

reported that treatment of tomato plants with conidia of Penicillium oxalicum Durrie and 

Thom induced resistance against tomato wilt. As P. oxalicum induced morphological changes 

in all cultivars of tomato, and these changes led to decreased vascular damage caused by  

F. oxysporum f. sp. lycopersici (De Cal et al., 2000). Larkin and Fravel (1999) reported that 

isolates of nonpathogenic Fusarium spp. (CS-1, CS-20, and Fo47) induced systemic 

resistance in tomato and watermelon plants, but varied in their relative abilities to reduce 

disease. Inoculation of tomato with Fo47 caused suppression of Fusarium wilt in tomato 

plants, so that Fo47 induced resistance in tomato to Fusarium wilt (Fuchs et al, 1997; Larkin 

and Fravel, 1996). Moreover F. oxysporum f. sp. dianthi reduced disease symptoms caused by 

F. oxysporum f. sp. lycopersici. It may be concluded that F. oxysporum f. sp. dianthi is able to 

induce resistance in tomato plants against pathogen (Kroon et al, 1991). Systemic induced 

resistance can be detected by implementing challenge-inoculation at a later time and different 
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location on a plant (Stromberg, 1989). Results indicated that nonpathogenic Fusarium 

protected tomato plants from Fusarium wilt by several mechanisms consist of competition for 

sites on the root surface, for iron, for carbon sources and induced resistance (Fuchs et al., 

1997). For example, nonpathogenic Fusarium strain Fo47 induced resistance to Fusarium wilt 

in tomato that resulted in physiological changes in the stems and leaves of tomato plants. 

These changes are commonly associated with induce systemic resistance, including enhanced 

activity of chitinase (Matta et al., 1988), ß-1, 3-glucanase and ß-1, 4-glucosidase (Tamietti  

et al., 1993). 

The major objective of present study was to evaluate possibility of suppression of 

Fusarium wilt of tomato by nonpathogenic F. oxysporum (Avr5) and whether nonpathogenic 

strain can induce resistance to Fusarium wilt in tomato plants.  

 

Materials and Methods 

Pathogen and biocontrol agent: F.oxysporum f. sp. lycopersici (FOL) race 1 (Race 1, 

2, 3) was isolated from infected tomato seedlings. Race determination were conducted using 

root-dip inoculation with different tomato cultivars, Beliy naliv-241 (not resistant), Blagovest 

(resistant to race 1) and Benito (resistant to both races of 1 and 2). Nonpathogenic F. 

oxysporum (Avr5) was provided by Professor F.S. Djalilov (Phytopathology Dep. of Moscow 

Timiryazev Agricultural Academy) isolated from the rhizosphere of healthy tomato. Pathogen 

and biocontrol agent was maintained in sterile sand tubes at 4oC and both were grown on 

potato-dextrose agar (PDA) in darkness at 22-25oC for 2 weeks. Spores from 14-day-old 

cultures were removed gently from the surface of each plate culture by adding sterile distilled 

water. Suspension were filtered through five layers of sterile gauze (cotton) and suspended in 

sterile distilled water (SDW), and the density of the macro and microconida was determined 

with a haemocytometer and adjusted by dilution to the desired concentration (106 spores/ ml) 

for root inoculation.  Spores were more than 90% microconida.  

In vitro interaction between the tested fungi: The antagonistic effects of one isolate 

of nonpathogenic F. oxysporum (Avr5) was tested on Potato dextrose Agar (PDA) against 

FOL. The inoculum of FOL and nonpathogenic F. oxysporum (Avr5) consisted of mycelial 

plug from 7-days-old PDA cultures. To do that in each Petri dish, F. oxysporum (Avr5) and 

FOL were inoculated simultaneously (with five replications for each one). The two inoculates 

(4mm discs) were cut from the margins of young vigorously growing cultures and placed 4 

cm apart at opposite points of the Petri dish. Control plates contained two mycelial plugs of 
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FOL. The plates were incubated in the dark at (22 ± 2oC). After 5 days, percentage inhibition 

of radial growth (PIRG) was determined as an estimate of the growth inhibition of FOL by the 

antagonist.  

Glasshouse experiment: 

Plant material. Tomato (Lycopersicon esculentum Mill.) seeds of cv. Beliy naliv-241 

susceptible to races 1 and 2 of FOL at first were surface-disinfected in 1% hydrochloric acid 

for 30 min and rinsed repeatedly in sterile double-distilled water prior to sowing. Then seed 

sown in standardised soil sterllized (two times for 20 min at 121 oC with 24 intervals) mixed 

with sand (80: 20) and were grown in seedling plug trays (plug size 3.4 by 3.4 by 5 cm, 64 

plugs). Trays maintained in a glasshouse at 22 to 28oC, 60-70% relative humidity, and 16 h 

light, 8 h darkness.  

Bioassays for disease suppression and induced resistance in vivo: 

Experiment 1: Soil infestation. Two tomato seeds of cultivar Beliy naliv-241 were 

planted in sterilized soil in seedline plug trays (Plug size 3.4 by 3.4 by 5 cm, 64 plugs). Then 

conidial suspension (0.1 ml conidial suspensions of 106 conidial/ml per gram soil) of isolate 

of F. oxysporum (Avr5) was added to each plug cell at the time of planting. Control plants 

were treated with sterile water. The plug tray, watered as needed, and maintained in the 

greenhouse. After 18 days, plugs containing the tomato plants were transplanted into 10-cm-

diameter pots containing sterilized soil infested with the FOL (0.1 ml conidial suspensions of 

106 conidial/ml per gram soil). Each treatment consisted of twelve replicates (six pots, two 

plants per pot). Control plants were treated only with pathogen (106 spores/g soil). After 35 

days, disease was assayed as the total percentage of seedlings showing any symptoms of 

Fusarium wilt consist of yellowing and dropping of leaves, vascular discoloration, and height 

of a plant (Larkin et al., 1998). 

Experiment 2: Root inoculation. Roots of three-week-old tomato plants (2-3 true-leaf 

stage) were slightly cut and inoculated by dipping the roots in conidial suspension (106 

spores/ml) of isolate of F. oxysporum (Avr5) for 30 minutes and then were transplanted into 

10-cm-diameter pots. After a week, the roots of these plants taken out of the pots, were recut 

and dipped in conidial suspension of FOL with a concentration of 106 spores/ml for 30 

minutes and replanted in the same pots. Control plants were dipped in tap water and control 

pathogen (106 spores/ml for 30 minutes) dipped only in pathogen (without inoculation with F. 

oxysporum (Avr5) (Kroon et al., 1991). 
Experiment 3: Bioassays for induced resistance. In order to diagnose and determine 
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the primary mechanism of action of F. oxysporum (Avr5) for protection of tomato against 

Fusarium wilt disease, three bioassays (split-root, benomyl and cutting systems) were used by 

method of Fuchs et al. (1997). Whereas in the split-root, F. oxysporum (Avr5) was separated 

spatially from FOL, in the cutting and benomyl systems those were separated in time. 

Split-root and non-split system: This method performed in order to physically 

separate the antagonist and the pathogen. The 21- day- old seedlings were cut off at the base 

of the stem and the hypocotyls were split longitudinally in two parts with a sterile scalpel, to a 

length of approximately 3 cm. Each half of the hypocotyls was planted in a separate tube 

containing nutrient solution (macro and microelements 0.5 g/lit) for rooting. One week later, 

each part of the split hypocotyls was placed in a 100-ml tube filled with nutrient solution and 

F. oxysporum (Avr5) was added (60 ml) to one of the tubes (106 spors/ml). Ten days later, 

FOL was inoculated into the other tube (60 ml; 106 spors/ml). In the same way, the non-split 

seedlings were planted in tubes containing nutrient solution. One week later, F. oxysporum 

(Avr5) was added to tubes (60 ml; 106 spores/ml) and after 10 days, FOL was inoculated into 

the tubes in same concentration. In this bioassay percentage of plants with Fusarium wilt 

symptoms was scored every week (Grattidge and O’ Brien, 1982). The experiments were 

ended 56 days after inoculation with pathogen. In order to exclude any direct contact between 

the antagonists and the pathogen in the split plants, the absence of nonpathogenic Fusarium 

on the root side infested with the pathogen, and in the stem was checked during microbial 

analyses performed at the end of the experiment. In order to this work, the presence of 

nonpathogenic Fusarium on the rhizoplane was evaluated after plating 100 µl of the 

rhizoplane suspensions on Special Nutrient Agar (SNA; Nirenberg, 1976). Three Petri dishes 

were plated per suspension-dilution. Also, the stems were surface-disinfected (flamed after 

dipping into a 95% ethanol solution) and cut into sections at 2, 5 and 10 cm above the split of 

the stem. Section were placed on SNA and incubated in 27oC, for 72 h. The colonies of  

F. oxysporum strain Avr5 were discriminated from FOL ones on the basis of their different 

morphology. 

Cutting-system: The 21- day- old seedlings were cut off 0.5 cm from the basal of stem, 

and the shoots were transplanted into plastic pots filled with autoclaved potting mix that 

infested with FOL (0.1 ml conidial suspensions of 106 conidial/ml per gram soil).  

F. oxysporum (Avr5) was added to the soil of pot prior to sowing and FOL (0.1 ml conidial 

suspensions of 106 conidial/ml per gram soil) was inoculated into the potting mix prior to 

replanting. 
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Benomyl system: 21-day-old tomato seedlings were dug from potting mix, and the 

roots were carefully washed under running tap water. The root system of the plants was 

placed for 7 days in nutrient solution that was either sterile or inoculated with F. oxysporum 

(Avr5). The roots were rinsed with double-distilled water, and the plants were transferred to 

2- litter containers containing nutrient solution and 30 µg/ml of Benomyl (Fundazol WP, 500 

g/l). Two days later, the roots were cut off 2 cm from the base of the hypocotyls and were 

placed in nutrient solution containing FOL. In all Bioassays, Disease severity was evaluated 

56 days later. Three pots of each treatment kept in greenhouse for three months to see the 

disease improvement.  

In the end of experiments, the fungi were reisolated from the inoculated plants by 

placing of the stem's segments on PDA supplemented with streptomycin (0.02%). 

Disease assays: Disease index by FOL was assessed 56 days after inoculation by the 

method described in Grattidge and O’ Brien (1982) using a scale  from 0 to 4: 0, (0-24%) of 

leaves yellowed and wilted; 1, (25-49%) of leaves yellowed and wilted ; 2, (50-74%) of 

leaves yellowed and wilted; 3, (75-99%) of leaves yellowed and wilted; 4, (100%) dead plant.  

Data analysis. All pathogenicity tests were conducted in completely randomised 

design. All data at first analyzed by least significant difference (LSD) testing. Duncan’s 

multiple Range test was applied to compare means. All statistical analyses were performed 

using SPSS (Statistical Package for the Social Sciences).  

 

Result and discussion 

Nonpathogenic F. oxysporum (Avr5) in vitro did not inhibit radial growth of FOL and 

had no significant effect on reduction growth of pathogen (only 8.9 %), but it significantly 

reduced Fusarium wilt of tomato in greenhouse test (Table 1). Disease symptoms in plants 

that only inoculated with FOL after two weeks were apparent, whereas in plants inoculated 

with a combination of both fungi FOL and F. oxysporum (Avr5) remained symptom less for 

eight weeks, the duration of the experiment. Nonpathogenic Fusarium oxysporum (Avr5) at 

106 spores/ml for plant root-inoculated and 0.1 × 106 spores/g soil for adding in soil reduced 

disease severity, respectively 3.7 and 2.1 times compared to the control FOL (Table 2). 

Disease reduction by F. oxysporum (Avr5) leaded to increase of height of plant; so 

plant height was significantly greater than in the pathogen controls (2.2-3 times). All plants 

showed vessel discoloration except for the plants inoculated with F. oxysporum (Avr5) or 

with a combination of both fungi. No fungi could be isolated from stems of plants inoculated 
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with F. oxysporum (Avr5). Only FOL could be isolated from stems of inoculated plants with 

the same fungus. 

 

 
Table 1. Percentage of growth inhibition of F. o. f. sp. lycopersici on PDA  

media after 120 hours of growth by F. oxysporum (Avr5) 

    Treatment Mean of radial growth (mm) % growth inhibition 

Control Pathogen 45.0 - 

Control F. oxysporum (Avr5) 40.0 - 

FOL + F. oxysporum (Avr5) 41.0 8.9 

LSD at 5 % 3.3 - 

 

Data are means of 5 replicates. Significant differences are denoted by different letters within each 

column according to L.S.D test at 5%. 

 

 

 

 

Table 2. Effect of nonpathogenic F. oxysporum (Avr5) on Fusarium wilt of  

tomato in a greenhouse test by methods of root dip and soil infestation 

Disease severity 

Treatments 

Root dip inoculation (spores/ ml) Soil infestation (spores/ g soil) 

Control water 0 0 

Control pathogen 3.4 a 2.1 a 

FOL + Avr5 0.9 b 1.0 b 

LSD at 5 % 0.4 0.3 

 

Data are means of 6 replicates. Significant differences are denoted by different letters within each 

column according to L.S.D test at 5%. 
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Table 3. Effect of nonpathogenic Fusarium oxysporum (Avr5) on development of tomato 

Fusarium wilt symptoms in non-split and split plants method, 56 days after  

inoculation with F. oxysporum f. sp. lycopersici (FOL) 

Non-split plants Split plants 

Treatment 

Diseasex severity % reduction Disease severity % reduction 

Control water 0.0 a 0 0.0 a 0 

Control FOL 3.7 b - 3.6 b - 

Control Avr5 0.0 a 0 0.0 a 0 

Avr5a + FOL b 1.3 c 60.0 0.8 c 70.0 

LSD at 5 % 1.8  1.3  

 

Data are means of 6 replicates. X, Disease severity (%wilt): 0, no symptoms; 1, <25% of leaves with 

symptoms; 2, 26-50% of leaves with symptoms; 3, 51-75% of leaves with symptoms; 4, 76-100% of 

leaves with symptoms. 

Means in the column followed by different letters indicate significant differences among treatments 

at 0.05 according to Duncan’s multiple range Test. 

a, nonpathogenic Fusarium; b, F. oxysporum f. sp. lycopersici 

 

 

 

Table 4. Effect of nonpathogenic Fusarium oxysporum( Avr5) on Fusarium  

wilt of tomato caused by F. oxysporum f. sp. lycopersici (FOL) by  

three bioassays: split-root, cutting and Benomyl system 

Fungal inoculation Disease severity * 

Avr5 Pathogen Split-root Cutting Benomyl 

None None 0 a 0 a 0 a 

None FOL 3.6 b 3.2 b 3.4 b 

Avr5 FOL 0.8 c 0.5 c 0.4 c 

 

Data are mean of six replicates. Within same column, means designated with the same letter are not 

significantly different (P= 0.05). 

× Disease index: 0 = 0 - 24% of leaves yellowed; 1 = 25 - 49 % of leaves yellowed; 2 = 50 - 74 % of 

leaves yellowed; 3 = 75 - 99 % of leaves yellowed; 4 = Dead (100 %). 
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Results, obtained from artificial inoculation and in vivo, showed that F. oxysporum 

(Avr5) induced resistance in tomato plants against Fusarium wilt disease. In order to do this 

work several tests by method of Fuchs et al. (1997) were studied. In the split-root system, 

disease index were scored 56 days after the second inoculation and differences in disease 

index were statistically significant comparing with the controls (Fig. 1 and Table 3). FOL and 

F. oxysporum (Avr5) were separated throughout the experiment. After eight weeks, disease 

was not observed in the presence of FOL. In this method, Fusarium wilt was 15% (control 

pathogen 90%) and necrosis and vessel discoloration was not observed in tomato plant (Table 

3 and 4). Also F. oxysporum (Avr5) was not found in stem of plants. Interestingly, F. 

oxysporum (Avr5) was a less effective biocontrol agent in the non-split-root than in the split-

root systems (Fig. 2 and Table 3).  

Cutting system method also showed significant effect of control of Fusarium wilt of 

tomato by F. oxysporum (Avr5), and it significantly reduced disease symptoms (Table 4). In 

addition, F. oxysporum (Avr5) was not isolated from stem sections of either healthy or 

diseased plants, indicating that this isolate did not invade the vascular tissue or more 

systemically within the plants. Treatment with biocontrol isolate F. oxysporum (Avr5) 

reduced wilt % 6.4 times comparing with the control FOL (80%) on tomato (Table 4). 

Benomyl system method indicated that effect and disease index for short contact (7 

days) of tomato root system with nonpathogenic strain was nearly equal to disease index for a 

long contact with F. oxysporum (Avr5). Indeed F. oxysporum (Avr5) reduced disease severity 

from 85 to 10% (Table 4). Also F. oxysporum (Avr5) could not be isolated from the roots and 

stem of tomato plants after the benomyl treatment.  

In all three bioassays control plants (water treatments) and plants inoculated with 

nonpathogenic Fusarium stayed healthy. Plants inoculated with both F. oxysporum (Avr5) and 

pathogen showed less disease symptoms than with control pathogen (Table 3 and 4). All 

plants inoculated with pathogen became more seriously diseased, but also a delay in symptom 

development was observed in the plants that firstly inoculated with nonpathogenic Fusarium. 

Differences in disease index were statistically significant from 3 weeks after the second 

inoculation until eight weeks (Fig 1 and 2), the end of the experiment (p = 0.05).  

We confirmed that nonpathogenic F. oxysporum (Avr5) is an effective agent for 

suppression of Fusarium wilt of tomato caused by F. oxysporum f. sp. lycopersici. The results 

obtained in the present study are in agreement with the results of other researchers (Kroon  

et al., 1991; Larkin and Fravel, 1999; Fuchs et al., 1997). 
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Fig. 1. Effect of nonpathogenic Fuzarium oxysporum (Avr5) on the tomato Fuzarinm  

wilt caused by F. oxysporum f. sp. lycopersici (FOL) in split plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Effect of nonpathogenic Fuzarium oxysporum (Avr5) on the tomato Fuzarinm  

wilt caused by F. oxysporum f. sp. lycopersici (FOL) in split after 56 days 

Mean of wilt % recorded on day 56 and designated with the different letters (a and b) 

indicates significant difference according to Duncan's multiple range test at 5% 

Figure 2. Effect of nonpathogenic Fusarium oxysporum  ( Avr5) on the tomato 

Fusarium wilt caused by F.oxysporum. f. sp. lycopersici  (FOL) in non-split after 

56 days
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Figure 1. Effect of nonpathogenic Fusarium  oxysporum  ( Avr5) on the tomato 

Fusarium wilt caused by F. oxysporum f. sp. lycopersici  (FOL) in split plants
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Protection of tomato against Fusarium wilt by application of nonpathogenic isolates 

Fusarium spp. has been studied in greenhouse and fields (Lemanceau and Alabouvette, 1991 

and 1993). Also protection against Fusarium wilts by application of nonpathogenic strains of 

F. oxysporum or formae speciales not pathogenic to the challenged host is a well-studied 

phenomenon (Ogawa and Komada, 1984). Mandeel and Baker (1991) have shown that 

nonpathogenic strain of F. oxysporum can induce resistance to Fusarium wilt in cucumber and 

it also can induce resistance to Fusarium wilt in chickpea (Hervas et al., 1995) and tomato 

(Kroon et al., 1991). Our experiment shows that, strain F. oxysporum (Avr5) plays a very 

important role in reduction of disease severity and induction of systemic resistance in plant 

against Fusarium wilt of tomato without any direct contact with the pathogen, because in split 

plant, the absence of any direct contact between the pathogen and the biocontrol strains 

prevented any microbial antagonism. Kroon et al. (1991) reported that, F. oxysporum f. sp. 

dianthi is able to induce resistance against F. oxysporum f. sp. lycopersici in tomato plants. It 

was also observed that only F. oxysporum f. sp. lycopersici could be isolated from the stems 

of the plants which were inoculated with both fungi. This observation indicates that induction 

of resistance is accomplished in the roots or on the root surface. It was reported (De Cal et al., 

1997) that there was an involvement of induced resistance in greenhouse experiments on the 

biocontrol of Fusarium tomato wilt by Penicillium oxalicum. Fuchs et al. (1997) and Larking 

and Fravel (1996) reported that nonpathogenic F. oxysporum isolate Fo47 induce resistance in 

tomato against Fusarium wilt of tomato, and inoculation of tomato with Fo47 resulted in 

physiological changes in the stems and leaves of tomato plants. Other authors have also 

shown induced resistance in other crops to several diseases with only one antagonist 

(Bargmann and Schonbeck, 1992; Gottstein and Kus, 1989; Kim et al., 1997). 

The current work was carried out with F. oxysporum, a nonpathogenic strain with 

promising biocontrol ability under commercial greenhouse conditions (Alabouvette and 

Couteaudier, 1992). Indeed, a single inoculation of cv. Beliy naliv-241 tomato plants with F. 

oxysporum (Avr5) never resulted in disease symptoms, and the presence of FOL was 

necessary to cause Fusarium wilt. Therefore, three bioassays were developed in which 

nonpathogenic strain F. oxysporum (Avr5) and pathogenic isolate (FOL) were introduced 

separately in space (split-root) or time (benomyl and cutting systems). In these bioassays, a 

single inoculation with FOL resulted in incidence of Fusarium wilt between 80 and 90%. 

F. oxysporum (Avr5) protected tomato from pathogen in all three bioassays. 

Interestingly, F. oxysporum (Avr5) was a less effective biocontrol agent in the split-root 
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system than in the two other systems. Overall, F. oxysporum (Avr5) reduced Fusarium wilt by 

20 (split-root system) to 10% (benomyl system) of the disease index.   

In this research, nonpathogenic strain F. oxysporum (Avr5) protected tomato plants 

from Fusarium wilt, despite not being in direct contact with the pathogen. This indicates that 

protection did not result from antagonism or competition between nonpathogenic Fusarium 

and pathogen, and suggests that strain F. oxysporum (Avr5) induced resistance to Fusarium 

wilt in tomato, because antagonists and pathogen remained spatially separated all through the 

experiment. Split-root system has been used successfully to investigate induced resistance 

(Liu et al., 1995; Mandel and Baker, 1991; Khan et al., 2004). This hypothesis is supported 

by the observation that a single inoculation with F. oxysporum (Avr5) resulted in 

physiological changes in the stems and leaves of tomato plants that are commonly associated 

with systemic induced resistance (Kuc, 1982). Although it is possible that F. oxysporum 

(Avr5) could have produced a substance transported within the plant that stimulated defence 

mechanisms in particular plant tissues or cell that leading to protection of the whole tomato 

plant. Van loon (1997) indicated that systemic induction of resistance has often been 

associated with the accumulation of PR–proteins in stems and leaves of Fo47-treated tomato 

plants. Nonpathogenic Fusarium strain Fo47 induce the synthesis of chitinase and increase 

glycosidase activities in tomato roots and leaves (Fuchs et al., 1997; Matta et al., 1989). 

It has been concluded that application of nonpathogenic F. oxysporum (Avr5) can be 

considered as a potential biocontrol agent for controlling tomato wilt disease, because it 

necessitates the exposure of tomato plants to F. oxysporum (Avr5) at an early stage for 

efficient induced resistance against subsequent attack by Fusarium wilt fungi. 

Further work about the kind of defence reaction in induced resistance and about the 

mechanism of induction, however is needed to confirm this hypothesis. 
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