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Abstract 
Tomato growers are suffering all over the world from massive losses due 
to root rot diseases,the study aims mainly to study the effect of treatment 
with many safe fungal and bacterial biological control agents as indica-
tive signal particles to induce host systemic resistance under greenhouse 
conditions. Some essential parameters and evidences of resistance were 
determined, i.e. accumulation of salicylic acid (SA). 
One week after inoculation tomato seedlings with F. solani, previously 
pretreated with the tested biological inducers, endogenous SA content 
showed significant increase in all the tested cultivars. Moreover, SA con-
tent in resistant cvs were higher, compared with susceptible cvs(1.04-fold 
over that of susceptible cv). 
 
Key words:  Pseudomonas fluorescens– Trichodermaharzianum- Salicyl-
ic acid – Fusariumsolani 

Introduction 
In recent years, strains of Pseudomonas and Trichoder-

maspp.have beenextensively used for plant growth promotion and disea-
secontrol. Several mechanisms have been suggested fordisease control of 
soil borne pathogens by P. fluorescens and Trichodermaspp., involves 
production of siderophores, HCN, ammonia, antibiotics, volatile com-
pounds etc. or by competingwith pathogens for nutrients or colonization 
space(Glick 1995). In most of the cases P. fluorescens and Trichoder-
masp.triggera plant-mediated resistance mechanism called inducedsys-

                                                            
1 Microbiology Department, Faculty of Science, Misurata University, Libya.  
2 Botany Department, Faculty of Science Benghazi University, Libya. 
3 Botany Department, Faculty of Science Benghazi University, Libya. 
4 Botany Department, Faculty of Science Benghazi University, Libya. 



 Journal of Humanities and Applied Science 

73 
 

temic resistance (ISR; Pieterseet al., 1996; Sticheret al., 1997; Van Loon 
et al., 1998; Benhamouet al.,2000). Rhizobacteria-mediated ISR has been 
reportedfor bean, carnation, cucumber, radish, tobacco, tomatoand the 
model plant Arabidopsis thaliana, and effectiveagainst different types of 
plant pathogens (Metrauxet al., 1990; Kwacket al., 2002). ISR has many 
similaritiesto pathogen-inducible defense called systemicacquired resis-
tance (SAR), which renders uninfectedplant parts more resistant towards 
a broad spectrum ofpathogens (Ryalset al., 1996; Sticheret al., 1997). 
ISRoccurs via a different metabolic pathway from thatSAR, which in-
volves salicylic acid (Hofflandet al., 1996; Pieterseet al., 1996; Vindalet 
al., 1998). Thus, theISR signaling pathway clearly differs from the one 
controllingpathogen-induced SAR. The state of SAR ischaracterized by 
an early increase in endogenously synthesizedsalicylic acid (Metrauxet 
al., 1990).Salicylic acid (SA) is a phenolic compound thataffects a varie-
ty of biochemical and molecular eventsassociated with induction of dis-
ease resistance. SA hasbeen shown to play an important role in expres-
sion ofboth local resistance controlled by major genes andsystemic in-
duced resistance developed after an initialpathogen attack (Hammer-
schmidt and Smith-Becker2000). A question is often raised as to whether 
there areone or several SA signal transduction pathways mediatingva-
rious defense or several signal related mechanisms.Application of ex-
ogenous SA at a concentrationof 1 to 5 mM has been long known to in-
duce pathogenesis-related (PR) gene expression and acquired resistan-
ceagainst a variety of microbial pathogens (Wardet al., 1991; Meenaet 
al., 2001). Low concentrations(10 to 100 μM) of SA have also shown to 
be sufficientfor pathogen-induced defense gene expression, 
H2O2accumulation and hypersensitive cell death in plantsuspension cul-
tures (Levine et al., 1994; Kauss andJeblick 1996). 

Many studies indicated that SA accumulationwas associated with 
plant physiologicalresponses to pathogen infection. Malamyet al., 
(1990)reported that SA level increased as much as 20 fold afterTMV in-
fection on resistant cultivar tobacco leaves.Exogenous SA was found to 
induce PR-protein accumulationin tobacco and this accumulation correla-
tedwith increased TMV resistance (Van Loon and Antoniw1982). Some 
studies indicated that SA may not be atranslocated primary signal for 
SAR, and SA may onlyplay a regulatory role in the expression of SAR 
genes(Vernoojiet al., 1994; Pieterseet al., 1996; Seahet al.,1996). They 
showed that SA may not be involved in allcases of systemic resistance 
and did not act as exogenousinducers against plant pathogens. In general, 
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SAmay play a more important role for SAR than for ISR.However, SA 
still is an uncertain factor as a signal forSAR or ISR. It is also not clear 
whether SA is producedin infected plants or by PGPR strains and what 
roledoes SA play in resistance to Tomato disease. 

Materials and methods 
Plant material,biological controlagents and pathogen inoculum 

Commercial tomato cultivars, Castle Rock, andRio Grandecvs 
were obtained from Libyan seed markets. 
F. solani was introduced from Mycological Center, Assiut University  

 Two biological control agents, Pseudomonas fluorescensand Trichoder-
maharzianum were obtained from Agricultural research Center, Giza, 
Egypt. 

Tomato seeds of Castle Rock, and Rio Grande cultivars were sur-
face sterilized with 2% sodium hypochlorite solution for 2 min., rinsed in 
sterile distilled water, dried between folds of sterilized filter paper and 
then sowed in trays containing sterilized peat: sand: clay, 1:1:1 for three 
weeks. Nursery was irrigated when needed. Seedlings were then trans-
ferred to 14 cm diameter pots. Pots were sterilized by sub-immersing in 
7% formaldehyde solution for few hours and then left to aerate. The soil 
was autoclaved and left to aerate. Pots were filled with the mixture of 
1:2:1 sand: clay: peatmos and seedlings were planted and placed in the 
greenhouse at 12:12 hours light: dark cycle, with 24-26˚ C: 16-18˚C 
days: night temperature and about 65% relative humidity.  

For long-term storage P. fluorescens strain was maintained at -80o 
C in Tryptic Soy Broth (TSB) with the addition with 20% (vol/vol) gly-
cerol. For experimental use, strain was isolated onto Tryptic Soy Agar 
media (TSA) and was incubated at 28°C for 24 hours, then transferred to 
TSB and placed in a shaker at 150 rpm for 24 hrs. The cultures were cen-
trifuged at 6000 rpmfor 5 minutes, and suspended in MgSO4 and popula-
tion was adjusted to 5 x 108 colony forming units (cfu) as measured spec-
trophotometrically (Zhenderet al., 2000).  
T. harzianumisolate was cultivated on PDA at 25o C and maintained at 
4oC.Thepropgules (colony forming unit, cfu) suspension of T. harzia-
numwas prepared in sterile distilled water from 7-days-old-culture on po-
tato dextrose agar (PDA) (Rojoet al., 2007).The fungal inoculum was 
harvested by flooding the culture with sterile distilled water (SDW) (10 
ml), and then rubbing the culture surface with a sterile glass rod. The 
concentration of Trichodermastrain was adjusted to 5 x 107 spores/ml-1 
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by dilution and direct counting using a haemocytometer)  (Abd El- Khair 
and El -Mougy, 2003). 
The fungal isolate of F. solani was kept on PDA slant in deep freezing 
for maintaining it until used. The purified fungal isolate from PDA slant 
was renewed on fresh PDA plates incorporated with an antibiotic con-
taining, Benzathine penicillin G 300,000 U, and Terramycin 100 mg, at 
appropriate concentrations. The plates were incubated for 10 days under 
12 hrs fluorescent/ 12 hrs darkness cycle at 25˚C and examined periodi-
cally.Salicylic acid (Sigma Chemicals, USA) were prepared in deionized 
water. 
 

Plant growth and disease induction treatment 
  Tomato seeds (one gram) were soaked in 10 ml of the bacterial 

suspension (108cfu /ml) or fungal spore suspension (107conidia/ml) in 
100 mg of carboxy methyl cellulose in Petri plates. Seeds were air dried 
for 12 hours then, the suspension was drained off and the seeds were 
dried overnight in sterile Petri plates (Ramamoorthyet al., 2002). 
To support the seed treatment, a root dipping was conducted: roots of 
tomato transplants were immersed in suspension of each 

P.fluorescens(108 cfu/ml) or T.harzianum (10
7 

conidia/ml) two weeks af-
ter seeding for 2 hours (Nawar, 2005). 
As a control treatment, water was used instead of bioagent inducers solu-
tion in each case. Sets of five pots each, with ten seeds were used for 
each cultivar tested.  
 

Inoculation and preparation of samples 
 Inoculum of F. solani isolate  was prepared by growing 
the fungus for 3 weeks at 28˚C on sterilized barley grain medium consist-
ing of 75g washed dried barley grains + 100g washed dried coarse sand + 
enough water to cover the seeds in 500 cc bottles (Baraka et al., 
2004).Inoculation of plants with F. solani was carried out one week after 
last treatment with bioagent inducers.Individual leaves from similar posi-
tions on each plant were collected. These samples were then used for the 
preparation of total leaf homogenates to be analysed by HPLC. 

Effect of SA on mycelial growth. 
A Petri-plate test was carried out to observe the direct effect of 

SA on the growth of F.solani. Actively growing F.solani (5 mm disc) 
was placed at the center of each SA-amended plates containing potato 
dextrose agar medium (PDA,(pH 5.5). The SA concentrations in the me-
dium were 0, 50, 100, 200, 500, 1000 and 2000 μg ml–1. The diameter of 
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colony on SA plate was measured 5 day after inoculation from the inocu-
lum disc edge to the growing colony edge. Water was used as auntreated 
control. 

Statistical analysis 
The data were analyzed as (LSD) test (P≤ 0.05). 
 

Extraction of free SA 
  Free SA was extracted from tomato plants according to the me-

thod of Malamy and Klessig (1992). One gram of leaf material was fro-
zen in liquid nitrogen, ground in a mortar and homogenized in 3 ml of 
90% methanol containing 0.9 g sand. The mortar was washed twice with 
2ml of 90% methanol. After centrifugation at 20 000 ×g for 15 min, the 
supernatant was collected and the pellet was again extracted with 4 ml of 
90% methanol. After a further centrifugation, the supernatants were 
combined and evaporated at 40�o under vacuum and then the residues 
resuspended in 50 µl of 5% trichloroacetic acid and 1 ml of 100% metha-
nol. The volume of the extract was adjusted with H2O to 5 ml and centri-
fuged at 3000 ×g for 10 min. The supernatant was applied to a high-
performance liquid chromatography. 

Determination of SA 
Samples (50 μl) were analyzed by HPLC-electrospray ionization 

using an Agilent 1100 HPLC coupled to an Applied Biosystems Q-TRAP 
2000 (Applied Biosystems, California, USA). Chromatographic separa-
tion was carried out on a Phenomenex Luna 3 μm C18 (2) 100 mm × 2.0 
mm column, at 35°C. The solvent gradient used was 100%A (94.9% 
H2O: 5% CH3CN: 0.1% CHOOH) to 100%B (5% H2O: 94.9% CH3CN: 
0.1% CHOOH) over 20 min. Solvent B was held at 100% for 5 min then 
the solvent returned to 100% A for 10 min equilibration prior to the next 
injection. The solvent flow rate was 200 μl/ min. 

To reduce contamination, the first 2 min of the run was directed 
to waste using the inbuilt Valco valve. Analysis of the compound was 
based on appropriate Multiple Reaction Monitoring (MRM) of ion pairs 
for labeled and endogenous SA using the following mass transitions; 2H4 
SA 141 > 97, SA 137 > 93, SA-glyc 299 > 93. Optimal conditions were 
determined using the Quantitative Optimization feature of the Analyst 
software both by infusing standard into by syringe pump and injecting 
standard into a 200 μl/min flow of 50% Solvent A/50% Solvent B. The 
optimized conditions were as follows; Temperature 400°C, Ion source 
gas 150 psi, Ion source gas 260 psi, Ion spray voltage -4500 V, curtain 
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gas 40 psi, CAD gas setting 2; the DP (-25 V), EP (-9) and CEP (-2) were 
held constant for all transitions. Collision energies (CE) and dwell times 
(DT) were specific for each compound/internal standard pair, the parame-
ters used were SA CE-38, DT 50 ms. Data were acquired and analyzed 
using Analyst 1.4.2 software (Applied Bio systems).  

SA standard calibration curve 
A standard HPLC calibration solution of salicylic acid, concentra-

tions; 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7 µg were prepared by accurate step-
by-step dilutions of stock solution 10 µg by weighing 1 g SA and dissolv-
ing in 100 ml methanol. To apply standard curve by computer using Mi-
crosoft Excel software, plotting a graph with the peak area which resulted 
after run on HPLC (y-axis) and concentration (x-axis) results in an equa-
tion formatted as follows: y= 16751x + 1.2, where solving for x deter-
mines the SA concentration of the sample.  

Results 
Effect of SA on mycelial growth 

A significant negative correlation was observed in concentration 
of salicylic acid and mycelial growth of F.solani in a Petri-plate assay. 
However,at 100 μg ml–1 concentration no inhibition was observed and at 
a concentration of 2000 μg ml–1 mycelial growth was completely ar-
rested 
Salicylic acid (SA) content 

The aim of this experiment was to study the effect of treatment of 
tomato seedlings with the selected BCAs with the least antagonistic ef-
fect on the endogenous salicylic acid content in both inoculated resistant 
and susceptible cvs., under greenhouse conditions.  
SA extraction 

The retention time for the SA standard measured by HPLC was 
approximately 7.5 minutes (Figure 1), for SA retention peak, no other 
peaks were obtained, using this extraction procedure. The SA standard 
curve was linear. 
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Table(1).SA concentration (ng-1/g fresh weight) in resistant (RioGrande) 
and susceptible (Castle Rock) cultivars, 7 days after 
treatment with the tested inducers either T.harzianum or 
P.fluorescens and seven days after inoculation with F. so-
lani, under greenhouse conditions. 

 

SA content ng-1/g fresh weight (FW) 

Cultivar Treatment 
7days after induc-
er        application 

7 days after 
pathogen in-

oculation 

Rio Grande 
Control 
(H2O) 

0.00a 190c 

 T. harzianum 189d 266d 

 
P. fluores-

cens 
148c 046a 

Castel Rock 
Control 
(H2O) 

0.00a 110b 

 T. harzianum 081b 255d 

 
P. fluores-

cens 
014a 046a 

LSD α=0.05  14.52 17.78 

 
Values followed by the same letter(s) in each column didn’t differ signif-
icantly according to Scheffe test (P≤ 0.05). 
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Fig.(2).Endogenous levels of free Salicylic acid (SA) in resistant tomato 

cv. Rio Grande and susceptible cv. Castel rock after inducer 
application (dark bars) and after pathogen (F. solani) inocula-
tion (shaded bars). 

 Leaves were harvested 7 and 14 days respectively, after treatment with 
H2O (control) or T. harzianum and P. fluorescens.  

 Data bars are the (means± standard error) of the replicates.   
Discussion 

The present data showed that P. fluorescens and T. harzianum as-
SAR inducers  was based on the spatial separation between bioinducers 
and fungal pathogen, which exclude the possibility of direct antagonism, 
leading to the conclusion that systemic resistance was induced (Yang et 
al., 2009).  

Greenhouse experiments showed that treatment with the tested bio-
logical inducers P. fluorescensand T.harzianum significantly increased 
the accumulation of endogenous SA Moreover, Accumulation of SA was 
more pronounced in resistant Rio Grande tomato cv..This phenomenon 
was reported by many authors (Audenaertet al., 2002; Tripathiet al., 2008 
and Van den Burg and Takken, 2009). Our findings were also in accor-
dance with those reported by Conrathet al., (1995), who concluded that 
resistant cultivars can accumulate SA more quickly than susceptible 
ones.Accumulation of endogenous SA level, throughout the present 
work, was associated with significant activation of systemic resistance 
against F. solaniin tomato plants grown under greenhouse conditions. 
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Such phenomenon was reported in many pathosystems and 
P.fluorescensand T.harzianum, were reported as potent inducers of sys-
temic resistance in many plants including; bean, cucumber, tobacco, 
chickpea and radish (Leemanet al., 1996; De Meyer and Hofte, 1997; 
Chen et al., 1998; Notz, 2002; Kubota and Nishi, 2006; Saikiaet al., 2006 
and Caihong and Qian., 2007). Consequently, it was not surprising that 
these bioinducers can exert a similar effect in tomato; however the mag-
nitude of the increase in SA differed according to the species of the pa-
thogen and the inoculation method used (Saikiaet al., 2003).SA was 
known to be an important signal molecule and it increases endogenously 
prior to the activation of SAR in each of the host-pathogen interactions 
(Malamyet al., 1990 and Metrauxet al., 1990). It was believed that SA 
has been found to activate through a redox mechanism (Zhang, 2006; 
Blanco et al., 2009; Hadi and Balali, 2010and Marina et al., 2011). 

It was found that untreated inoculated tomato plants showed signifi-
cant increase in endogenous SA levels. These results were in agreement 
with those reported by Enyediet al. (1992); Malamyet al., (1990) and 
Metrauxet al., (1990) in many compatible and non-compatible pathosys-
tems. We believe that during early and later stages of infection, pathogen 
may serve as SAR inducer. The detection limit was approximately 10 
ng/g fresh weight of plant tissue, which is sufficient to recognize increas-
es in the SA concentration in the immunized cucumber plants (Kubota 
and Nishi, 2006).  So we conclude that nanogram amounts of SA pro-
duced by the P. fluorescens and T. harzianum activate the SAR pathway. 
These results were supported by the findings of many authors (Agrawalet 
al., 2002; Kubota and Nishi, 2006 and Martínez-Medina et al., 2010). 
Tameling and Takken (2008) and Truman et al.,(2010) concluded that 
plant pathogen interactions are rapid and dynamic with both host and pa-
thogen constantly wrestling to modify signaling networks and reconfi-
gure metabolism in favor of defense or disease. 
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