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Abstract: Fusarium oxysporum f. sp. lycopersici (F.o.l) and Fusarium oxysporum f. sp. radicic-cucumerinum (F.o.c) the causal agents of fusarial vascular wilt on tomato and cucumber plants respectively. These two diseases constitute a great danger and threat to the cultivation of tomatoes, cucumbers, both in greenhouses or in open areas. Salicylic acid (SA) and 2,6-dichloroisonicotinic acid (INA), which have the ability to induce systemic acquired resistance in plants were used in this study to test their effect on radial growth of (F.o.l) and (F.o.c) in Petri dishes. Results showed that 500 ppm of SA and INA had the greatest radial growth of F.o.l and F.o.c compared to other concentrations 1000 and 2000 ppm significantly. Inhibition percentage measurements showed also SA and INA 500 ppm had the lowest inhibition percentage (6.8%), (28%) for F.o.l and (8.8%), (24.8) for F.o.c. respectively. Results of this study and many of other studies conducted for the induction of systemic acquired resistance by these two compounds proved that concentrations less than 500 ppm able to induce the systemic acquired resistance in plants, also their inhibitory influence on radial growth are very few or non-existent in many cases.
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1. Introduction
Tomato (Solanum lycopersicum L., syn. Lycopersicon esculentum) and cucumber (Cucumis sativus) among the most important vegetables for human food and grown in all countries of the world in open fields and in protected cultivation (Celar, 2000 and Fritz, 2005). Arie et al. (2007) indicates that the cultivation of tomatoes bounded by many diseases caused by fungi, bacteria, viruses and nematodes. Saker et al. (2008) Showed that the major diseases on tomatoes produced from about 24 fungi, 7 bacteria, 10 viruses, 3 viroids and several nematodes. Tomato fusarial wilt is caused by Fusarium oxysporum f. sp. Lycopersici (Sacc.) W.C. Snyder H.N. Hansen is one of the most widespread economic diseases on tomato (Lycopersicon escolentum Mill.) and the severity of the disease lies in the three strains by their ability to infect a range of different varieties (Grattidge & O'Brien, 1982) to reduce tomato productivity by 25% (Farvel et al., 2005). Fusarial wilt on cucumber caused by Fusarium oxysporum f. sp. cucumerinum is a soil borne disease transmitted through the soil and believed to be of major diseases soil dweller (Ye et al., 2004), leading to a severe shortage in cucumber crop under greenhouse conditions (Shen et al., 2008). Despite all the information available about fusarial wilt disease, the mechanism of disease, in case non-appropriate soil properties are still unclear (Ye et al., 2006). Systemic acquired resistance (SAR) gained interest of many researchers and many studies carried out led to great discoveries represented in biochemical changes in host cell wall, phytoalexins and pathogenesis related proteins (PRs) production, and stimulate programmed cell death (hypersensitivity) (AL-korany and Faiadh, 2011). Chemical compounds that are used in the induction of (SAR) should not be have a toxic effect directly on pathogens either for the compound itself or one of its derivatives (Gozzo, 2003) as well have no toxic effects on plants and animals, have a wide range of defense, affect in small quantities, their prevention impact remains for a long time, and with low cost (Melvin and Muthukumaran, 2008). It has been found that the use of SA and its analogs such as INA and BTH is able to induce the genes expression responsible for the production of (PRs) which have importance in resistance process against viral, bacterial and fungal diseases in dicot plants (Pasquer, 2005). SA was used successfully to resist some plant diseases such as root rot and wilt of sesame (Abdou et al., 2001), root rot in wheat (El-Bana et al., 2002), root rot and wilt in lupine (Ali et al., 2007 and Abdel- Monaim, 2008), fusarial wilt in tomatoes (El-Khallal, 2007) and fusarial wilt in chickpea (Night-Sarwar et al., 2005). Edreva (2004) and Narusaka et al. (2006) recorded that INA is one of the essential synthetic compounds able to induce SAR. Gozzo (2003) reported that INA induces gene expression for SAR, sometimes before occurrence of infection in the plants and at other times, after pathogen attack only. This study aimed to isolation and identification the causal agent of wilt disease in tomato and cucumber and to test the effect of SA and INA as plant SAR activators on radial growth In vitro. 

2. Material and Methods
Samples of infected tomato and cucumber plants were brought from plastic tunnels at Sidi-Faraj area/ Benghazi. Laboratory experiments were conducted in Department of Plant Production, Faculty of Agriculture / University of Benghazi.
Isolation and identification of F.o.l and F.o.c: Fusarium oxysporum f. sp. lycopersici and Fusarium oxysporum f. sp. radicis-cucumerinum were isolated from tomato and cucumber roots their plants exhibited fusarial wilt symptoms. The fungi were cultivated in sterile Petri dishes contains Potato Dextrose Agar Medium (P.D.A.), dishes were incubated overturned on 27±1°C. Identification was according to (Booth, 1971). 
SAR activators preparation: Salicylic acid (SA) Sigma-Aldrich chemie-France and 2,6-dichloroisonicotinic acid (INA) Sigma Aldrich chemie-Germany, were purchased from Sigma-Aldrich chemicals company. Three concentrations 500 ppm, 1000 ppm and 2000 ppm from each chemical activator were prepared by dissolving in equal volumes from ddH2O and ethyl alcohol, and adjusted to pH 7 with 1N NaOH. 
Incorporation of PDA medium with chemical activators: 1 ml from each chemical concentration was added to sterile Petri dish 5 cm diameter by three replicates and distributed over an area of the dish, then sterile PDA medium was poured even cover the bottom of the dish and shaken gently to ensure mixing. 8 mm disks of F.o.l and F.o.c 3 days old were seeded centrally in the dishes then incubated at 27±1°C. Three dishes with chemical free media inoculated with fungal disks served as control for each fungus. 
Radial growth measurement: When mycelial growth of control covered the plates, fungal growth diameters were determined. The percentage reduction of growth (RG) ratio was calculated according to the following formula (Amer, 1995):
RG (%) = RNT – RT / RNT * 100
Where: RNT = Radius for non-treated media (control), and RT = Radius for treated media. 
Statistical analysis: Experiment was conducted according complete randomized design (CRD), data were subjected to ANOVA (Gomez and Gomez, 1984), and significant differences were compared by Fisher’s Least significant difference (FLSD) Test (P≤ 0.05). The package used for analysis was NCSS and GESS version 2007. 

3. Results and Discussion
After incubation of Fusarium oxysporum f. sp. lycopersici and Fusarium oxysporum f. sp. radicis-cucumerinum cultures incorporated with chemical activator concentrations (treatments) and dishes free from chemical concentrations (control) on 27±1°C several days, radial growth for all treatments and control was measured. Results in Table (1) showed that 500 ppm exhibited higher significantly radial growth compared to other concentrations for both SA and INA in case of F.o.l and F.o.c. Radial growth values of this treatment in case of SA (4.66 cm), (4.56 cm) for F.o.l and F.o.c, respectively, were closer insignificantly to control (5 cm), meanwhile in case INA (3.60 cm), (3.76 cm) the values were differs significantly. Figs (1, 2) shows clearly that treatment (500 ppm) exhibited gradually decrease in radial growth with significant differences statistically, compared to other two treatments (1000 ppm) and (2000 ppm), this fact was agreed with Ozgonen et al. (2001) when he found inhibited effect of SA on F.o.l growth at high concentration over 600 ppm. Spletzer and Enydi (1999) also indicated that low concentrations of SA below 200 ppm had no antifungal inhibition for Alternaria solani. 



Table 1. Radial growth average(±SE) for Fusarium oxysporum f. sp. lycopersici (F.o.l) and Fusarium oxysporum f. sp. radicis-cucumerinum (F.o.c) cultures incorporated with SA and INA concentrations. 
	 Treatments
	Radial growth average (±SE) /cm

	
	 Salicylic acid (SA)
	2,6-dichloroisonicotinic acid (INA)

	
	F.o.l
	F.o.c
	F.o.l
	F.o.c

	Control
	5a
	5a
	5a
	5a

	500 ppm
	4.66± 1.58a
	4.56± 1.21a
	3.60± 0.51b
	3.76± 0.54b

	1000 ppm
	3.16± 0.55b
	3.70± 1.07b
	2.53± 0.55c
	2.96± 0.98c

	2000 ppm
	2.13± 0.51c
	2.80± 0.54c
	1.46± 0.17d
	2.33± 0.12c

	FLSD (α=0.05)
	1.01
	0.80
	1.20
	0.69


Values followed by the same letter(s) in each column don’t differ significantly according to FLSD test (P≤ 0.05).
Control: free from chemical activator. Average represents three replicates. ppm (part per million).



Measurements of inhibition percentage for both chemical activators and for both fungi showed that 500 ppm (Table 2) showed low percentage reduction of growth compared to other two concentrations (1000 ppm and 2000 ppm). It is clear from the measurements that the lowest percentage was for SA against INA for both F.o.l and F.o.c. Increasing concentrations of SA or INA in the growth medium resulted in increased inhibition of the growth of fungus, where it seems that high concentrations of toxic act also as hinder vital processes and building necessary compounds; coenzymes and nucleic acids of the fungus. These findings were not completely agreed with El-Mougy (2002) who found that F.o.l growth inhibited by increasing SA concentrations over 40 mM only. Measurements of INA indicate to high inhibition by increasing the concentration which shows the toxic effects of the compound at these concentrations, although many studies have indicate that INA has no antifungal effects for many fungi. One of these studies are mentioned Abdalhadi (2011) in a study of the impact of chemical activators to induce systemic acquired resistance against tomato diseases where, concentrations (500, 750, and 1000 µl/L) have no inhibitory effects on radial growth, hyphal length and hyphal thickness for Alternaria solani and Fusarium solani. It is also Kataria et al. (1997) demonstrated that INA and other chemical activators did not have inhibitory effect on the growth of Rhizoctonia solani when used at different concentrations as soil drench. Perhaps the toxic effect here is due to the fact that INA is an analogue of SA, where its inhibitory effect acts at high concentrations. All in all, it is clear from most of the studies conducted for the induction of systemic acquired resistance by chemical activators that concentrations less than 500 ppm able to induce SAR in plants, also the inhibitory influence on fungal growth is not mentioned. It seems also concentrations exceeded 500 ppm probably showed symptoms of phytotoxicity for many plants, this phenomenon was reported by Frey and Carver (1998), Rauscher et al. (1999) and Abdalhadi (2011). 
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Figure 1. Effect of 500, 1000, 2000 ppm and control treatments for both SA and INA on radial growth of Fusarium oxysporum f. sp. lycopersici, where noticed gradual effect from high to low chemical concentration. 
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Figure 2. Effect of 500, 1000, 2000 ppm and control treatments for both SA and INA on radial growth of Fusarium oxysporum f. sp. radicis-cucumerinum, where noticed gradual effect from high to low chemical concentration. 



Table 2. Reduction growth percentage of SA and INA concentrations on Fusarium oxysporum f. sp. lycopersici (F.o.l) and Fusarium oxysporum f. sp. radicis-cucumerinum.
	Chemical concentrations 
(ppm)
	Reduction growth (%)

	
	F.o.l
	F.o.c

	
	(SA)
	(INA)
	(SA)
	(INA)

	500
	6.8
	28
	8.8
	24.8

	1000
	36.8
	49.4
	26
	40.8

	2000
	57.4
	70.8
	44
	53.4
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