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ABSTRACT 
 
 Tomato stem canker disease caused by Botrytis cinerea is one of the most devastating diseases on tomato in 
greenhouse. In this study, possible effect of using hormonal elicitor [salicylic acid (SA)] and bioagents 
[Trichoderma species (T. asperellum, T. harzianum, T. orientalis, T. koningiopsis, T. atroviride, T. ceramicum, 
T. arundinaceum, T. koningii, T. viride, and T. viridescens) ] in host resistance induction against tomato stem 
canker was investigated. Tomato seeds, (Super Strain B variety) grown in greenhouse, were sprayed by conidia 
suspensions of Trichoderma species (3×105 CFU/ml) and SA treatments with three concentration (100, 200, 400 
μM). After 72 hrs tomato plants were inoculated with B. cinerea conidia suspension (1×105 CFU/ml) and disease 
severity was evaluated 15 days afterwards. The results indicated that, SA- treated plants with 200μM 
concentration integrated with T. viride spore suspension and SA- treated plants with 400 μM as a single treatment 
had the best performance in terms of disease control. Therefore, tomato leaves of these two treatments at different 
stages (0, 24, 48 and 96 hours post inoculation) were selected for determining the activity levels of ß-1,4-
glucanase,and chitinase enzymes as well as  accumulation of total phenolic compounds. Treatments with SA 
(200μM) + T. viride+ Botrytis cinerea increased the activities of ß-1,4-glucanase, chitinase and concentration of 
total phenolic compounds in tomato leaves and they were highest at 96 hours after inoculation. The results 
suggested that mechanism of combination strategy between bioagent and hormonal elicitor (either synergistically 
or antagonistically) played important roles for increasing resistance in tomato plants against stem canker disease 
caused by B. cinerea.   
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Introduction 
 
 Tomato (Lycopersicon esculentum Mill.) is one 
of the important cash crops, recently recognized as a 
model plant for plant-pathogen interactions [2]. 
Botrytis cinerea Pers., Fr. is the causal agent of 
Botrytis stem canker of tomato [22], which is a 
serious disease of greenhouse grown tomatoes around 
the world [11]. The fungus infects leaves, petioles, 
stems, and fruits. It often becomes established on 
dying tissue at leaf scars and fruit stems, as well as at 
wounds. Pruning wounds can remain wet for several 
hours and, if the fungus spores would present on these 
wounds, they will germinate. Once established, the 
fungus invades the stem, causing a girdling canker 
that kills tissue above that. This pathogen also invades 
green or ripening tomato fruit, either directly or by 
first attacking the calyx attached to the fruit [35]. In 
tomato, Botrytis stem canker can be controlled by 
frequent applications of iprodione fungicide, but 
resistance of the causal agent to common fungicides 

is widespread [10]. In this context, management with 
biocontrol agents is increasingly capturing the  
 
attention of researchers as an alternative strategy, 
which is also ecologically sound and environmentally 
safe. Systemic acquired resistance (SAR) or induction 
of resistance to pathogen is a promising approach for 
controlling plant diseases. Exogenous or endogenous 
factors could substantially affect host physiology, 
leading to rapid and coordinated defense-gene 
activation in plants normally expressing susceptibility 
to pathogen infection [20]. This phenomenon, that 
resistance of plant to pathogens can be enhanced by 
the application of various biotic and abiotic agent, 
called induce systemic resistance in plants [5,36]. 
 Biological control agents (BCAs) for plant 
disease are currently being examined as alternatives 
to the synthetic pesticides due to their perceived 
increased level of safety and minimal environmental 
impacts [7,5]. The most famous BCA is Trichoderma 
spp. which has been developed into several 
commercial biological control products and is used in 
field crop and greenhouse systems [16]. These 
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products are known to control numerous diseases 
such as those caused by Fusarium oxysporum, 
Pythium and Sclerotinia [26,29]. Recently, it was 
suggested that, Trichoderma affects induced systemic 
resistance mechanism in plants against pathogens 
[14,27]. Use of chemical inducer, salicylic acid (SA) 
represents an interesting new opportunity in 
controlling fungal and bacterial diseases within an 
environmental friendly integrated crop protection 
system through enhancing the resistance of the plant 
to pathogen [26]. There are several reports that SAR 
can be induced in tomato using plant hormone 
salicylic acid (SA) such as Alternaria solani [34], A. 
alternata[13], Fusarium oxysporum  [12]. The signal 
molecule SA is involved in some signal transduction 
system, which induce particular enzymes catalyzing 
biosynthetic reactions to form defense compounds 
such as polyphenols, pathogenesis- related proteins 
(Prp) [24,32].  
 There are many morphological and biochemical 
changes in SAR protected plants that become 
infected. Large increase in phenolic synthesis in 
plants after attack by plant pathogens were recorded 
by [8,12]. Phenolics that occur constitutively and 
function as preformed inhibitors are generally 
referred to as phytoanticipins, and those that are 
produced in response to infection by the pathogen are 
called phytoalexins and constitute an active defense 
response. Many plant enzymes are involved in 
defense reactions against plant pathogens such as β -
1,4 glucanase and chitinase which degrade and cause 
lysis of fungal cell walls. Chitinases are enzymes that 
hydrolyze the N-acetylglucosamine polymer chitin, 
and they occur in diverse plant tissues over a broad 
range of crop and noncrop species. The enzymes may 
be expressed constitutively at low levels but are 
dramatically enhanced by numerous abiotic agents 
(ethylene, salicylic acid, salt solutions, ozone, UV 
light) and by biotic factors (fungi, bacteria, viruses, 
viroids, fungal cell wall components, and 
oligosaccharides). β-1,4- glucanase participates in 
processes such as vegetative growth, fruit ripening 
and the abscission of plant organs, [31,9] supported 
the idea that the tomato β -1,4 glucanase responds to 
pathogen infection and supports a relationship 
between plant defense responses and fruit ripening. 
The purpose of the present work was evaluation the 
effect of biocontrol agent, some species of 
Trichoderma, hormonal elicitor, salicylic acid, as 
single or integration treatments on the Botrytis stem 
canker of tomato plants as well as their effects on 
biochemical changes which lead to induction of plant 
defense responses against the pathogen. 
 
Materials and Methods 
 
Source of Trichoderma isolates: 
 
 Ten species of Trichoderma 
(T.asperellum,T.harzianum,T.orientalis,T.koningiops

is,T.atroviride. T.ceramicum, T. arundinaceum, 
T.koningii, T.viride, and T.viridescens) obtained from 
Dept. of Plant Protection, College of Agriculture, Bu-
Ali Sina University, Hamedan, Iran. The 
Trichoderma isolates were maintained on potato 
dextrose agar(PDA)  slants at 4°C. 
 
Inoculum preparation: 
 
 Single spore of Botrytis cinerea isolate A5 
(isolated from infected tomato in greenhouse of 
Hamedan Province, Iran,) maintained at 22 °C on 
PDA. Trichoderma isolates subcultured on potato 
dextrose agar at25°C. Spore suspension of B. cinerea 
and Trichoderma isolates  were prepared by flooding 
10-days-old cultures with sterile distilled water and 
dislodging the spores with a glass rod. The suspension 
was then filtered through cheesecloth and diluted with 
sterile water, to bring the concentration of the spore 
suspension of B. cinerea and Trichoderma isolates  to 
1 × 105 and 3× 105 CFU/mL respectively by using 
hemocytometer. 
 
Greenhouse experiments: 
 
 Seeds of tomato cv. Super Strain B were planted 
in 25 cm diameter pots containing 4 kg steam-
sterilized sandy-loam soil and kept in an 
environmentally controlled greenhouse at 22±2°C and 
12 hours photo period. Then uniform seedlings 
approximately 3 weeks old at four-leaf stage were 
selected and transplanted to clay pots (4 seedlings 
/pot). SA was obtained from Sigma-Aldrich and was 
dissolved in sterile distilled water to proposed final 
concentration at pH 6.4. Then eight-weeks-old tomato 
plants were sprayed by concentrations of 100, 200 
and 400 μM of SA and conidia suspensions of 
Trichoderma species (3×105 CFU/ml). After 72 hrs 
the plants were inoculated with B. cinerea conidia 
suspension (1×105 CFU/ml) and disease severity were 
evaluated 15 days afterward using the scale modified 
from [31]. Control plants were sprayed with sterile 
distilled water.  This experiment was arranged as a 
3×10 factorial with three concentrations of SA (100, 
200 and 400 μM) and ten species of Trichoderma in a 
completely randomized design with three replicates. 
 
Biochemical Measurements: 
 
 For determination of  ß-1,4-glucanase, chitinase 
activities and concentration of total phenolic 
compounds in tomato leaves at four different stages 
including; 0, 24, 48 and 96 hours post inoculation 
following treatments were selected: 
 Pathogen +SA(200 μM) +T. viride, Pathogen+ 
SA(400 μM), SA(200 μM) +T. viride, SA(400 μM), 
healthy control and infected control for biochemical 
measurement in tomato leaves; the same procedure as 
already described were prepared.  Each treatment 
consisted of three replicates, and each replicate 
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contained four seedlings. The leaves of 4 seedlings 
grown in the same pot were sampled at 0, 24, 48 and 
96 hours after inoculation with B. cinerea spore 
suspension. 
 
Enzyme Extraction and Activity Assay: 
 
 For extraction of glucanase and chitinase 
enzymes  0.5 g of the sampled leaves were crushed to 
a fine powder in a mortar under liquid nitrogen  and 
with sodium acetate buffer (0.05 M, pH 5) 
centrifuged at 14,000 (rpm) for 20 min at 4ºC. The 
supernatant was transferred to a 1.5 mL vial and 
stored at –20ºC until subsequent assay [23]. 
 
β-1, 4-Glucanase Activity: 
 
 β-1,4-glucanase activitiy was assayed using 
carboxymethylcellulose (CMC) as a substrate. The 
reaction mixture (200 µL) containing 100 µL crude 
extract and 100 µL 0.1% CMC stock solution (Sigma 
St. Louis, Mo, USA) which was dissolved in sodium 
acetate buffer (0.05 M, pH=5), was incubated at 50ºC 
for 30 min. Then, the reaction was stopped by adding 
600 µL of dinitrosalicylic acid reagent (DNS prepared 
by adding 300 mL of 4.5% NaOH to 880 ml of a 
solution containing 8.8 g dinitrosalicylic acid (Merck, 
Darmstadt, Germany) and 22.5 g potassium sodium 
tartrate with subsequent heating for 5 min. The 
reaction mixture was diluted with 2 ml of distilled 
water and vortexed. The absorbance of resultant 
colour was recorded at 500 nm wavelenght. A 
standard curve of absorbance at 500 nm to glucose 
concentration was used to calculate the specific 
enzyme activity which was expressed as milligram 
glucose equivalent released per minute per gram fresh 
weight of leaf tissue [36]. 
 
Chitinase Activity: 
 
 In 2.5 mL sodium acetate buffer, 2.5 mL1% 
substrate (colloidal chitin) was added, followed by 0.5 
mL crude enzyme preparation. The tubes were 
incubated at 40ºC for 1 h. After that the reaction was 
stopped by adding 3.0 mL 10% dinitrosalicylic acid 
(DNSA), followed by heating in a boiling water bath. 
The coloured solution was then centrifuged at 
8000(rpm) for 5 min and the absorption of 
supernatant was measured at 540 nm wavelength in 
spectrophotometer (Varian, Cary100 conc). The 
reducing sugar was estimated from a standard curve 
of glucose. One unit of enzyme is defined as 
milligram glucose equivalent released per minute per 
gram fresh weight of leaf tissue [3]. 
 
Extraction and Analysis of Phenolic Compounds: 
 Frozen leaves (1g) from each replicate were 
homogenized in 8 mL of 80% acidified methanol. 
The homogenate was centrifuged at 4,000(rpm) for 5 

min at room temperature and then 1 mL of the 
methanolic supernatant was added to 5 mL of distilled 
water and 250µL of Folin-Ciocalteu reagent (Merck, 
Darmstadt Germany), and the solution was incubated 
at room temperature. After 3 min, 1 mL of a saturated 
solution of Na2CO3 and 1 mL of distilled water were 
added and the reaction mixture was incubated for 1 
hr. The absorbance of the developed blue colour was 
measured using spectrophotometer at 725 nm using a 
blank, water and reagent only. Caffeic acid (Fluka 
Buchs, Switzerland) was used as reference phenolic 
compounds. The total phenolic compounds of sample 
were expressed as milligram caffeic acid per gram of 
leaf fresh weight [21]. 
 
Statistical analysis: 
 
 ANOVA was conducted using General Linear 
Model (GLM)  procedure of SAS version 9.0 
(Statistical Analysis System Institute Inc., Cary, 
NC,USA). In enzymatic and phenolic compound 
assays the experiments were arranged as a 6×4 
factorial with six treatments and four sampling times 
in a completely randomized design with three 
replicates [19]. 
 
Results and Discussion 
 
Effects on Disease Severity: 
 
 The phenomenon of systemic acquired 
resistance has attracted attention as a new strategy 
for controlling plant disease in recent years. The 
resistance was evident as a reduction in disease 
severity compared with infected control. As been 
shown in Table (1), all applied treatments of 
Trichoderma and different concentration of salicylic 
acid either separately or in combination treatment 
protected tomato plants against stem canker disease 
caused by B. cinerea. Plants treated with different 
concentration of salicylic acid had significantly 
reduced disease severity compared with the infected 
control. However, these reduction were higher when 
the concentration was 200 or 400µm. Integration of 
SA with Trichoderma isolates was highly reduced up 
disease severity to 3.75% (SA400 and T. viride) 
compared with infected control (75.6%). Thus, all 
SA treatments had a higher efficacy when had 
integrated with Trichoderma species for inducing 
host resistance. Our results are in harmony with other 
researchers [12,17,1,18,20]. The best results were 
obtained when SA-treated plant (400 µm) combined 
with T. viride, T. harzianum and T. atroviride. 
However, application of 400 µm SA solution showed 
some degree of phytotoxicity on tomato leaves, but 
no damage were found with lower concentrations 
(100 and 200 µm). This is in agreement with results 
reported by [34]. 
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Table 1: Percentage of disease severity (DS) in tomato plants treated with bioagent Trichoderma isolates and SA against stem canker 
disease caused by Botrytis cinerea.. 

                             Disease severity (%) Treatments 
                             SA concentration (µm)  

Mean 400 200 100     
0 0 0 0    Healthy control 

 
75.63a 75.63a 75.63a 75.63a    Infected control 

 
23.09b` 12.84b 16.23bc 40.20b    Single SA-Treated 
13.02e 3.75g 10.50ef 24.83ef    SA+T. viride 
14.83de 5.15ef 14.23d 25.11ef    SA+T. arundinaceum 
17.69c 7.91cd 16.23bc 28.93d    SA+T. asperellum 

17.42cd 8.15c 17.21b 26.90de    SA+T. ceramicum 
15.10de 4.23fg 16.91bc 24.18f    SA+T. harzianum 
16.29d 6.25de 14.87cd 27.77de    SA+T. koningiopsis 
17.08cd 6.91d 15.20cd 29.13cd    SA+T. orientalis 
16.35d 5.91e 13.24e 29.91cd    SA+T. viridescens 
16.95cd 4.84f 15.84c 30.18c    SA+T. atroviride 
15.74d 7.50cd 13.92de 25.81e    SA+T. koningii 
 6.46c 15.15b 28.45a    Mean 

SA = Salicylic Acid ,Values in columns with different letter indicates significant differences (P < 0.05) according to Duncan’s multiple-
range test 

 
Changes in the Activities of ß -1,4 glucanase and 
chitinase: 
 
 Pathogenesis-related proteins (Prp) such as ß -1,4 
glucanase and chitinase   are host-coded proteins with 
direct action against the major fungal cell wall 
compounds, diverse glucans. Also another function of 
these enzymes might be the release of elicitor-active 
fragments from the fungal cell wall to intensify plant 
defense reactions. The result obtained from present 
study showed that ß-1, 4 glucanase and chitinase  
may be involved in the enhanced resistance against 
stem canker disease caused by B. cinerea in tomato 
leaves treated with T. viride and hormonal elicitor 
(SA).  
 Results presented in Table 2 and 3 indicated that 
infection of tomato plants with B. cinerea 
significantly increased activity of ß -1,4-glucanase 
and chitinase enzymes, as these increments gradually 
increased at 48 hours post inoculation. In comparison 
between treatments, SA alone application or in 
combination with T. viride caused highly significant 
increase in ß -1,4 glucanase and chitinase activity 
through different stages. The activity of ß -1,4 -
glucanase and chitinase were low at 24 hours post  
 

 
inoculation in all treatments, and that in 
Botrytis+SA400 and Botrytis+SA200+T.viride  
increased gradually at 48 hours and rapidly at 96 
hours post inoculation. Whereas, the activity in other 
treatments increased slightly at 48 hours post 
inoculation and decreased to the initial level at 96 
hours post inoculation.  The same results were 
recorded by [4], as they found that a relationship 
between chitinase and melon resistance to Fusarium 
oxysporum infection, and the resistance is associated 
with certain isoform of these enzymes. ß -1,4 -
glucanase and chitinase enzymes hydrolyze polymers 
of fungal cell walls, where fragments of cell wall 
were shown to induce defense reaction in plants by 
switching on genes responsible for the synthesis of 
pathogen related proteins [33]. Also, combined 
application of SA and bioagent (Arbuscular 
Mycorrhiza) strongly induced chitinase and ß-1,3 
glucanase activity in tomato [12]. Moreover, 
induction of these enzymes in tomato leaves as a 
result of Trichoderma biocontrol mechanism could 
play a role in bioprotection through working together 
against pathogen invading. This could be exerted 
indirectly by releasing oligosaccharides from the 
pathogen cell wall that could elicit host defense 
reactions [28,6]. 

 
Table 2: Changes in the activities of ß-1,4 glucanase (mg glucose min-1 g-1LFW) in leaves of tomato plants at different stages after infected 

with Botrytis cinerea and treated with T. viride and hormonal elicitor (SA). 
Hours after pathogen inoculation Treatment 

Mean 96 48 24 0      
0.059f0.061e 0.064f0.058f0.054c    Healthy control 

 
0.10e0.071e 0.13e0.11e0.07c    Infected control 

 
0.22d0.23d 0.26d0.21d0.17b    SA400 
0.31c0.32c 0.40c0.31c0.23a    SA200+T. vr 
0.43b0.57b 0.49b0.48b0.19b    Botrytis+SA400 
0.57a0.78a 0.68a0.57a0.24a    Botrytis+SA200+T.vr 
 0.33a 0.33a0.28b0.15c    Mean 

SA400 = Salicylic Acid with concentration of 400µm, SA200 = Salicylic Acid with concentration of 200µm , T. vr = T. viride, Values in 
columns with different letter indicates significant differences (P < 0.05) according to Duncan’s multiple-range test 
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Table 3: Changes in the activities of chitinase (mg glucose min-1 g-1LFW) in leaves of tomato plants at different stages after infected with  
                Botrytis cinerea and treated with T. viride and hormonal elicitor (SA). 

Hours after pathogen inoculation Treatment 
Mean 96 48 24 0      

0.047d0.048f 0.052d0.048f0.04d    Healthy control 
 

0.063d0.069f 0.073d0.065ef0.048d    Infected control 
 

0.16c0.23d 0.19c0.15d0.087bc    SA400 
0.23bc0.28c 0.22c0.18c0.065cd    SA200+T. vr 
0.25b0.40b 0.29b0.24b0.11b    Botrytis+SA400 
0.33a0.47a 0.40a0.32a0.15a    Botrytis+SA200+T.vr 
 0.24a 0.20ab0.16b0.083c    Mean 

SA400 = Salicylic Acid with concentration of 400µm, SA200 = Salicylic Acid with concentration of 200µm , T. vr = T. viride, Values in 
columns with different letter indicates significant differences (P < 0.05) according to Duncan’s multiple-range test 

 
Changes in total Phenolic Compounds: 
 
 Many plant phenolic compounds are known to 
be antimicrobial, function as precursors to structural 
polymers such as lignin, or serve as signal molecules 
[15]. Significant increase in phenolic content was 
positively proportional to the degree of plant 
resistance against the pathogens, [1]. Results 
obtained in present study (Table. 4) clearly indicated 
that the formation of total phenolic compound in 
leaves increased from 24 hours post inoculation and 
reaching the maximum at 48 hours post inoculation  
 

 
then decreased after 96 hours in all treatments 
without pathogen inoculation. But in treatments with 
pathogen inoculation total phenolic compound 
increased gradually at 48 hours and rapidly at 96 
hours post inoculation. The phenolic content of 
tomato leaves was greatly higher in treatment with 
integration of Botrytis+SA200+T.vr rather than in 
other treatments. Application of SA when applied 
alone or in combination with T. viride had the 
highest total phenol content (Table.4). 
 Increasing evidences indicate that SA induced 
changes in secondary metabolism constitute in 
ubiquitous plant defense response [37,12,13,20]. 

 
Table. 4: Changes in the contents of total phenol (mg g-1 LFW) in leaves of tomato plants at different stages after infected with Botrytis   
                 cinerea and treated with T. viride and hormonal elicitor (SA) 

Hours after pathogen inoculation Treatment 
Mean 96 48 24 0      

0.14e0.14e 0.13e0.14d0.14bc    Healthy control 
 

0.34d0.28d 0.47cd0.52ab0.10c    Infected control 
 

0.37d0.33cd 0.47cd0.36bc0.31abc    SA400 
0.50c0.50bc 0.59bc0.48b0.35ab    SA200+T. vr 
0.67b0.77b 0.64b0.60ab0.37a    Botrytis+SA400 
0.86a1.23a 0.98a0.74a0.50a    Botrytis+SA200+T.vr 
 0.52a 0.56a0.47b0.29c    Mean 

SA400 = Salicylic Acid with concentration of 400µm, SA200 = Salicylic Acid with concentration of 200µm , T. vr = T. viride, Values in 
columns with different letter indicates significant differences (P < 0.05) according to Duncan’s multiple-range test 

 
Conclusion: 
 
 From these results, it could be concluded that 
combinations of biocontrol agents and resistance 
elicitor could provide promising integrated 
alternatives in suppression of tomato stem canker 
disease due to number of mechanisms involved. 
Interaction between salicylic acid hormone and 
Trichoderma fungi signals mediated the expression 
of the majority of different PR-proteins leading to 
increasing defense mechanism against Botrytis 
cinerea infection. So, this work presents a new 
approach for the management of the biological 
control of B. cinerea the cause of tomato stem canker 
disease depends on the activation of the defense of 
the plant against pathogen by application of salicylic 
acid as inducer, and suppression of the fungal 
pathogenicity by using Trichoderma viride as 
biocontrol agent. Further studies in this regard should 
allow for the better understanding of induced  

 
resistance strategies and provide an insight into the 
mechanisms of resistance that restrict pathogen 
development. 
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