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ABSTRACT

Tomatoes are among the most economical vegetable crops that can be affected by many diseases, for example Fusarium
wilt disease, which is caused by the fungus Fusarium oxysporum f. sp. lycopersici, which is considered one of the most
common diseases affecting tomato plants. Stimulating the chemical defence system of tomato plants to resist fungal
pathogens is the primary goal of any pathogen control process. Biocontrol and chemical inducers represent an important
strategy to stimulate the plant defence system, especially when applied together. In the current study, the efficacy of the
following treatments, for example, Trichoderma viride and salicylic acid (SA), alone or in combination, was evaluated
compared to the effectiveness of the recommended fungicide Topsin-M 70%, which was used in the recommended dose as
a new strategy to increase the defence efficiency of tomatoes to combat Fusarium wilt disease under greenhouse and field
conditions. The various physiological defensive changes were studied in addition to estimating some enzymes associated with
the chemical defence system of tomato plants such as polyphenol oxidase, peroxidase and hydrolysis enzyme (chitinase) and
as well as estimation of total dissolved phenols). Under greenhouse conditions, tomato plants were artificially infected with
F. oxysporum f. sp. lycopersici and left to normal infection under field conditions. Initially and under greenhouse conditions,
tomato plants were inoculated with T. viride in one of two methods (dipping seedling roots and/or soil treatment) and/or
spraying them daily for a week with SA, alone or together, one week before inoculation with the pathogen. The same
treatments were performed on tomato plants that were left for natural infection under field conditions, after which the plants
were collected 35 days after infection with the pathogen. The results obtained confirmed that all the treatments used led to
the protection of tomato plants completely from infection, as the risk of disease decreased significantly, also, the level of all
physiological estimates specified changed significantly as a result of the use of anti-fungi and chemical inducers, as many
defence compounds were shown, which resulted in the activation of the chemical defence system in tomato plants against
the attack of pathogens. These parameters are applied to all these measures, not only to reach their stimulation within the
infected plants, but also to exceed their contents in healthy plants. These treatments also led to a significant increase in the
growth variables and the total yield of the plant.

Keywords: Tomato, Fusarium wilt, Trichoderma viride, salicylic acid, phenolic compounds, peroxidase, polyphenol oxidase,
chitinase

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of the most economically important vegetable plants that can be grown in
Egypt in greenhouses and open fields, where it is used for human nutrition either fresh or processed (Abdel Karim, et al.,
2006). The economic importance of the tomato crop is not only due to its economic value, but also due to its nutritional
value, as tomato plants contain antioxidant compounds, such as vitamin C and carotenoids. Tomatoes are currently used as
a therapeutic method for treating human cancer, as they contain lycopene, which has proven to be an effective treatment
for prostate cancer (Giovanucci, 1999). The Egyptian production of tomato crop grown in greenhouses and open fields It
occupied the fifth place at the level of global production of tomatoes, representing about 4. 86% of the total global production
for the year 2014, as well as the Egyptian production of tomatoes occupied the first place at the level of African production,
which was estimated at about (43.11%) of World total production. In the current years, the amount of tomato harvest in
Egypt has increased, reaching almost 8.3 million tons, produced from 52,8854. 94 fed, with an average production of 15.69
tons / fed (FAO, 2017). Moreover, tomato plants are infected with many fungal pathogens, especially when the relative
humidity in the air increases, which in turn affects the ripening of fruits (Morsi, et al., 2009 and Abdel Moneim, 2010). The
fungus infection causes severe damage to tomatoes, as it cannot be easily controlled as the fungal pathogens are transmitted
within the cultivated seeds as well as via contaminated soil (Dohroo, 1988). Fusarium wilt disease, caused by F. oxysporum f.
sp. lycopersici is one of the most dangerous diseases affecting tomatoes as it affects their productivity, which leads to a
significant decrease in the yield by an estimated 25% (Abdel-Monaim, 2012). Fusarium wilt disease in greenhouses and open
fields was controlled in many ways, for example cultivation of resistant varieties, agricultural procedures, pesticides and
fumigants, however the damage remained significant. The difficulty in controlling F. oxysporum f. sp. lycopersici encouraged
researchers to find other alternative methods that were more effective and safer (Hibar, et al., 2007). Generally, fungal
diseases are controlled by the use of fungicides, which have a harmful effect on human health and the environment, (Rauf,
2000). Therefore, it is advised to use other alternative methods to combat fungal diseases, for example the use of antibodies
and resistant plants to reduce the harmful effect of the use of fungicides on humans, animals and the environment (Ragab,
et al., 2009; Punja, et al., 2017 and Abou-Zeid, et al., 2018 ). The use of plant resistance induction as an alternative and safe
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method in combating fungal diseases has garnered a lot of attention when applied, as it increased the plants' resistance
against disease infection. Induction of chemical resistance in host plants through the use of antimicrobials and their bioactive
products has currently gained high popularity in modern agricultural procedures (Mishra et al., 2014).

The current study aim to evaluate the efficacy of the antagonist (T. viride, and salicylic acid) used alone or in combination to
combat Fusarium wilt disease of tomato plants. Also, studying the side effect of its use on biochemical changes that may lead
to stimulating the chemical defence system of plants against pathogens.

MATERIALS AND METHODS

The source of the pathogen, the antagonist and the tomato seeds:

The fungus Fusarium oxysporum f. sp. lycopersici was isolated from tomato plants (cv. Super Strain B), with obvious wilting
symptoms witch cultivated in Qalyubia Governorate. The fungus was then purified and defined according to Hansen (1926);
Ricker and Ricker, (1936) and Giman, (1957). Meanwhile, a pure isolate of the antagonist, namely Trichoderma viride, was
obtained by the Department of Integrated Pest Management (IPMD), Plant Pathology Research Institute, Agricultural
Research Center, Giza, Egypt. The pathogen and the antagonist were stored on potato dextrose agar (PDA) medium at 4 ° C
until their use. However, tomato seeds (cv. Super Strain B), were brought from Vegetable Dis. Res. Dept., Plant Pathol. Res.
Inst., ARC, Giza, Egypt in 2019.

Effectiveness of Trichoderma viride, salicylic acid alone or in combination and the fungicide “Topsin-M 70%” on the tomato
wilt disease and measurements of the growth of tomato plants:

Under the conditions of plastic houses:

The potted experiment was designed under greenhouse conditions, in Vegetable Diseases Research Department, Plant
Diseases Research Institute, Agricultural Research Center, Giza, Egypt to study the efficacy of T. viride antibody and chemical
inducer salicylic acid SA C7 H6 03 0. 05-0 1%, alone or in combination, on tomato wilt disease caused by F. oxysporum f. sp.
lycopersici. In this experiment, 25 cm of plastic pots were used, which contained 5 kg of sterile clay soil. F. oxysporum f. sp.
lycopersici was grown on potato dextrose agar at 27 + 1 ° C for seven days. A suspension Spores of the pathogen fungus was
prepared at a concentration of (107cfu / ml), where the germs were counted with a hemocytometer slide. After that, 10 ml
From a suspended pathogen fungus spores was added to each pot as a soil treatment according to Houssien et al. (2010). The
T. viride antibody was grown on a glucose fermentation medium (GFM) (Brain and Hemning, 1945). at 25 + 1 ° C for seven
days. After that, a suspension of the antifungal spores was prepared at a concentration of 108 cfu / mL as described by Verma
et al. (2007). The anti- fungus T. viride was used in two ways to study its effectiveness on tomato wilt disease. The first
method, the antifungal spore's suspension (T1) was used as a soil treatment where 10 ml was added to each pot of the
previously prepared concentration one week before the soil was inoculated with the pathogen spores. Whereas, the second
method (T2) was carried out by dipping the roots of tomato seedlings, whose seeds were planted in potteries and leaving
them until the plants had two real leaves, for a period of approximately 30 minutes, in 50 ml of the same concentration of
antufungal that was used in the first method, before transporting To the pots inoculated with the pathogen. Meanwhile,
tomato seedlings were sprayed well with a chemical inducer solution of SA at a concentration of 200 mM, every 24 hours for
a week so that tomato leaves can absorb the acid sufficiently before pollinating the soil with the pathogen. Also, the
recommended concentration (1.5 g/L) for the fungicide Topsin-M 70%” Thiophanate-Methyl was used by dipping the roots
of tomato seedlings for 30 minutes prior to planting. Five tomato seedlings (cv. Super strain B) were transferred into each
pot, and five pots were identified as duplicates for each treatment in a completely random template design.

The experiment was designed to include:

1) Non infested soil (control.,

2) soil treated with F. oxysporum only.,

3) SA (200 mM.,

4) T. viride (108 cfu/mL T1.,

5) T. viride (108 cfu/mL T2.

6) SA + “T. viride” T1).

7) SA +; “T. viride” T2).

8)(fungicide “Topsin-M 70 %” 1. 5 g/L used as a positive control).

Generally, all experiment pots were fertilized with NPK soluble mineral fertilizer (1: 1: 1) and watered the pots as needed. At
the end of the experiment, disease severity was estimated. Also, some growth measures such as plant height (cm) and fresh
and dry weight (g/plant) of shoot were estimated.

Measuring the severity of the disease

The incidence of disease severity was estimated on the scale reported by Song et al. (2004) which consists of five
classifications, which range from 0-4, as these classifications express the degree of wilting. Where, the number zero expresses
that the plant is healthy and does not have symptoms of wilt infection. Moreover, the number four expresses plants that
have contracted the disease and exhibit symptoms of wilting on all their parts. The numbers from the scale 1 to 3 express
different measures of wilt symptoms, which express the degree of severity of the disease. Where, the number 1 - expresses
the percentage of plant leaves staining yellow, which ranges between 1-20%. While, the number 2 expresses the yellow
colouration of the plant leaves, ranging from 21-40%. On the other hand, the third number expresses the percentage of plant
leaves yellowing, ranging between 41-60%. The researcher mentioned that the disease severity rate can be calculated by the
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following equation:
Percentage of disease incidence = range x number of affected plants
Highest scale x total number of plants

Under field conditions:

The field experiment was carried out under normal infection conditions of F. oxysporum f. sp. lycopersici in the Mitt Kenana
village, Toukh, Qalyubia Governorate, during the growing seasons 2019 and 2020 to assess the effectiveness of the anti-
fungus T. viride and the chemical inducer of SA alone or in combination) to control wilt disease in tomato plants and its effect
on plant growth parameters and fruit weights. The experiment was planned on the of based a randomized, complete block
design containing three replicates. The area of the experimental unit was calculated as it was 10.5 m 2 (3.5 x 3 m). As each
unit contained 12 rows, each row was 3.5 meters long and 25 cm wide. Each row included approximately 15 tomato seedlings
(cv. Super Strain B). Tomato plants were treated with the treatments described above. The comparison group of plants was
treated with water only, without any additional treatments. The experimental plots were fertilized with NPK mineral fertilizers
according to the recommendations of the Egyptian Ministry of Agriculture. The rate of disease severity was estimated as
previously reported. Five weeks after infection with the pathogen, the tomato plants were cut back and the following
measurements were estimated:

1- Plant height (cm).

2- Fresh and dry weights of the plant(g/plant).

3- Estimating the amount of the yield by estimating the weight of the fruits (Kg/Plant).

4- Estimation of some biochemical and enzyme changes that are related to stimulating the chemical defence activity of
tomatoes.

Estimation of some chemical changes related to stimulating the chemical defence activity of tomatoes:

Estimation of total phenols content:

Soluble Phenols extract was obtained from treated tomato seedlings which were cultivated under field conditions during the
two growing seasons 2019-2020 as described by Hsu et al. (2003). Five gram extract sample was taken From every transaction,
And it was mixed up with 80 ml methanol and kept overnight. The solution was filtered through four layers of cheesecloth
and the product was diluted to 100 ml for later use to determine the total dissolved Phenols content according to Slinkard
and Singleton (1997), a volume of the prepared solution was taken for the determination of about 200 microliter and mixed
with 1. 4 ml of distilled water, and 0. 1 ml of 50% (1N) Folin-Ciocalteu phenol reagent. After of time period at least 30 seconds
and not exceeding 8 minutes, the chemical substance (sodium carbonate 20%) was added at 0.3 ml w / v. Then, the mixture
was left for 2 hours until it could complete the reaction and after vortexing for a short time, the color was developed and the
change in absorbance was estimated at 765 nm in a spectrophotometer. The total dissolved phenol content was standardized
against tannic acid and the values of the change in absorbance were converted to mg of phenols per 100 grams of fresh
weight tissue. Moreover, each value obtained is an average of three replicates.

Determination of oxidative and hydrolytic enzymes:

A sample was taken from tomato plants that were treated with the aforementioned treatments, to estimate the activity of
polyphenol oxidase, peroxidase and hydrolytic enzymes (chitinase). The enzymatic extract was obtained from the combined
plants as described by Maxwell and Bateman (1967). The activity of the enzymes polyphenol oxidase, peroxidase and
chitinase was determined using a spectrophotometer. The cuvette contained the same solution, but the solution was boiled
off to inhibit the enzyme activity. For peroxidase, data readings were recorded every 15 seconds for 2.5 minutes at 425 nm
while, for polyphenol oxidase every 30 seconds for 5 minutes at 495 nm.

a- Determination of polyphenol oxidase activity:

Polyphenol oxidase activity was determined according to the method described by Maxwell and Bateman (1967). In the
beginning, an amount of crude enzyme was applied about 0.5 ml, then, an amount of sodium phosphate buffer was applied
at a pH 7 its size 0.5 ml, and then 0.5 ml of catechol was placed and they were mixed together, and it was supplemented Final
volume by sterile distilled water to 3 ml. Polyphenol oxidase activity was expressed by the change in absorbance / minute at
the optical density of 495 nm. Moreover, each value obtained was taken from the mean of three replicates.

b. Estimate peroxidase activity:

The peroxidase activity was estimated according to Allam and Hollis (1972). In this method, the oxidation of pyrogallol was
calculated and converted to pyrogalline in the presence of H,0; at a wavelength of 425 nm. The cuvette sample was formed
from sodium phosphate buffer at pH 7, at 0.5 ml at 0.1 M, enzyme extract at 0.3 ml, pyrogallol at 0.3 ml at 0.05 M, and H202
1%. at 0.1 ml, The previous components were supplemented with sterile distilled water until it reached a volume of 3 ml. The
peroxidase enzyme activity was differentiated as the change in absorption / minute. Based on the above, each value obtained
is a mean of the values of three replicates.

c. Estimation of chitinase activity:

The reactant of colloidal chitin was obtained from chitin that was ground according to the method described by Ried and
Ogryd-Ziak (1981). Enzyme activity was characterized as pumoles GLCc NAc g / mL at 575 nm - 1 g - ! fresh weight of tissue.
Enzyme activity was characterized as enzyme / mg protein unit. Each value obtained, as mentioned in the other experiments,
was an average of the values of three replicates.
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Statistical analyzes:
The results obtained for appropriate statistical analysis were set using the MSTAT-C program (MSTAT-C, 1991), while the
means were compared using ANOVA where LSD (P<0.05).

RESULTS

Effectiveness of Trichoderma viride, salicylic acid alone or in combination and the fungicide “Topsin-M 70%” on the tomato
wilt disease and measurements of the growth of tomato plants:

Under the conditions of plastic houses:

The results obtained and shown in Table 1 show that by using both the antagonist T. viride (which was used in two different
ways T1 and T2) and the chemical inducer SA alone or in combination and the fungicide Topsin-M 70%, the severity of wilt
infection on tomato plants was reduced compared to the comparison treatment. In this study, which was conducted under
greenhouse conditions, tomato seedlings were treated with the antagonist (T. viride) by both methods (T1 and T2) combined
with the chemical inducer (salicylic acid (SA), as this treatment reduced the severity of wilt infection compared to With the
use of these treatments alone. It was noted from the results that when using the chemical inducer, it had an effective effect
in reducing the severity of the disease more than using the antagonist (T1 and T2) when applying these treatments alone,
where the infection severity ratio was recorded as follows 3.00%, 3.33% and 3.66%, respectively. On the other hand, when
tomato plants were treated with the topsin-M 70% fungicide And (the antibody T. viride (T 1 and chemical inducer) SA)
combined together, the highest protection of the plants against infection with the pathogen was recorded, where the severity
ratio reached Infection is 1.66% and 2.00%, respectively, followed by treatment of tomato plants By chemical inductance SA
in combination with anti-object T. viride (T2), where the severity of infection was recorded as follows 2.33%, while when
tomato plants were treated with the anti-organism T. viride by both methods ( T1 and T2) singly have scored a Say protect
the plants against infection compared to other transactions.

Moreover, when using the antibody with both methods (T1 and T2) and chemical inducer (SA) alone or in combination, also,
the use of the topsin-M 70% fungicide, these treatments recorded a significant increase in some measures of growth such as
plant height, fresh and dry weights of shoots whether in the presence or absence of the pathogen. It was observed from the
results that the use of the antibody with both methods combined with the chemical inducer had a high significant increase in
plant height, fresh and dry weights more than using either of them separately. Also, it was observed from the results that
when using the chemical inducer, it increased the plant height, and fresh and dry weights more than the used antibody (T1
and T2) when using these treatments alone compared to other transactions.

In general, when anti-object T. viride (T1) and the chemical inducer SA were used together, this treatment recorded the
highest plant height, fresh and dry weights for tomato plants, whether in uninfected or infected soils, followed by treatment
of tomato plants with chemical inducement SA combined with The antibody T. viride (T2) compared to the Topsin-M 70%
fungicide, which recorded 28.66 cm, 7.00 and 3.22 g/ plant, respectively.

Table 1. Effectiveness of Trichoderma viride, salicylic acid alone or in combination and fungicide Topsin-M 70%
on tomato wilt disease and growth measurements plant height (cm), fresh and dry weights (g / plant) under
greenhouse conditions.

Treatments Disease Plant height Fresh weight Dry weight
severity % (cm) (G/P) (G/P)
Control) 0.00 33.33 7.33 3.50
F. oxysporum 5.50 15.66 4.33 1.33
Salicylic acid SA (200 mM) 3.00 23.66 6.33 2.70
T. viride (108 cfu/mL) (T1)* 3.33 20.33 6.00 2.66
T. viride (10® cfu/mL) (T2)* 3.66 20.66 5.66 2.33
SA+T1 2.00 27.33 6.80 3.00
SA + (t2) 2.33 26.66 6.66 2.90
Topsin-M 70 % 1.5 g/L 1.66 28.66 7.00 3.22
L.S.D. at 5% 0.29 1.77 0.90 0.57

*While T1 is soil treatment and T2 is seedlings treatment

Under field conditions:

The effectiveness of the chemical inducer SA and the antagonist T. viride (which was used in two different ways T1 and T2)
was estimated alone or in combination, and also, the fungicide Topsin-M 70% on tomato wilt disease, under field conditions
during the two growing seasons 2019-2020. The results in Table 2 clearly showed that all the treatments that were used
resulted in a high significant decrease in the severity of wilt disease infection compared to the comparison treatment. It was
observed from the results that when the tomato plants were treated with the antufungal using either of the two methods
and the chemical stimulus combined together, the severity of the disease was significantly reduced compared to using each
agent alone. Moreover, when tomato plants were treated with either the antufungal (either of the two methods) or the
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chemical inducer separately, the results indicated that the chemical inducer (SA) was more effective in reducing the severity
of the wilt infection than the antufungal (T1 and T2. On the other hand, when mixing both the antufungal T. viride (T1) with
the chemical inducer SA, this treatment significantly increased the severity of the wilt infection, along with the use of the
topsin-M 70% fungicide in both seasons, the infection severity ratio was 1.16% and 0.63% on average, respectively, compared
to 4.49% on average in the comparison treatment in both seasons, respectively. On the contrary, when tomato plants were
treated with antufungal T. viride by both methods (T1 and T2), the severity of the disease was reduced, but by less than the
other treatments, as the results were (3.16% and 3.66% on average during two seasons, respectively.

From the same table, it was noted from the results that when studying the effectiveness of the same previously mentioned
treatments on some measures of growth of tomato plants and fruit weight, under field conditions during the growing seasons
2019 and 2020. The chemical inducer alone in the treatment of tomato plants had a greater effect on increasing the growth
measures greater than the use of the antufungal, by both methods (T1 and T2). On the other hand, when combining both the
chemical inducer SA and the antufungal T. viride The two methods (t1 and t2) had the most effect on plant height along with
the topsin-M fungicide 70% where the results obtained were 65.33, 62.94 and 72.44 cm on mean in both seasons,
respectively, compared to the comparison treatment.

In addition, these transactions gave uniformity It was significantly higher in fresh and dry weights, as it recorded 251.44,
245.44, 303.44, 51.44, 48.33 and 56.44 g / plant on average in both seasons, respectively, compared to the comparison
treatment. Whereas, when tomato plants were treated with T. viride, using both methods (T1 and T2) alone, this gave less
effect on the growth parameters in both seasons compared to other treatments.

In addition, the results in Table (2) showed that when the tomato plants were treated with the fungicide, this gave a significant
increase in the weight of the fruits, followed by the treatment of the tomato plants with the antufungal mixture and the
chemical inducer. It was also observed that when tomato plants were treated with chemical inducement SA alone, the weight
of the fruits increased higher than the weight obtained when the plants were treated with T. viride by both methods (T1 and
T2). However, this increase was not significant compared to other transactions.

Table 2. Effectiveness of Trichoderma viride and salicylic acid, alone or in combination, and fungicide Topsin-M 70% on tomato
wilt disease and growth measurements (plant height cm, fresh and dry weight g / plant) and fruit weights (Kg / plant) under
field conditions during the 2019-2020 seasons.

Treatments Disease severity % Plant height (cm) Fresh weight (G/P) Dry weight (G/P) Fruits weights (Kg/p)
2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean 2019 2020 Mean
Control 4.33 4.66 4.49 40.00 | 40.44 40.22 122.00 122.44 122.22 25.22 25.00 25.11 1.00 0.90 0.95

Salicylic acid | 2.66 | 2.00 233 | 60.33 | 62.55 | 61.44 | 205.33 | 206.00 | 205.67 | 44.33 | 44,55 | 44.44 | 210 | 220 2.15
SA (200 mM)

T. viride (10° 3.00 3.33 3.16 58.00 | 58.66 58.33 199.22 | 200.66 | 199.94 | 42.00 | 42.66 | 42.33 2.00 2.20 2.10
cfu/mL) (T1)*

T. viride (10° 3.66 3.66 3.66 55.22 | 57.00 56.11 190.55 190.33 | 190.44 | 40.22 | 38.00 39.11 1.90 1.90 1.90
cfu/mL) (T2)*

SA+T1 1.33 1.00 1.16 65.44 | 65.22 | 65.33 | 250.22 | 252.66 | 251.44 | 50.66 | 52.22 | 51.44 2.50 2.30 2.40

SA+T2 1.66 2.00 2.33 63.55 | 62.33 62.94 245.11 | 245.77 | 245.44 | 49.00 | 47.66 | 48.33 2.30 2.10 2.20

Topsin-M70 % | 0.66 | 0.60 0.63 | 71.33 | 73.55 | 72.44 | 300.66 | 306.22 | 303.44 | 55.66 | 57.22 | 56.44 2.60 2.40 2.50
1.5g/L

L.S.D. at 5% 0.28 5.34 15.67 4.22 0.22

*While T1 is soil treatment and T2 is seedlings treatment

Estimation of some chemical changes related to stimulating the chemical defence activity of tomatoes:

Estimation of total phenols content:

The effectiveness of the antufungal T. viride, used by both methods (T1 and T2), the chemical inducer of salicylic acid (SA)
alone or together, and the fungicide Topsin-M 70%) was studied on the content of total dissolved phenols present in the
leaves of tomato plants infected with wilt under Field conditions during the two growing seasons 2019-2020. The results in
Table (3) showed that when tomato plants were treated with the antufungal and used with both methods and the chemical
induction alone or in combination, as well as, when using the fungicide, this led to an increase in the total amount of dissolved
phenols compared to the comparison treatment. There was a significant increase in the total dissolved phenols in the leaves
of tomato plants infected with wilt when treated with the chemical inducer of salicylic acid (SA), as this treatment increased
the content of total dissolved phenols by a greater amount than using the antifungus in both methods (T1 and T2) when Use
these transactions individually during both growing seasons. In addition, the highest value of total dissolved phenols was
obtained in the leaves of tomato plants infected with wilt when treated with the fungicide topsin-M 70%. Next, the plants
were treated with the chemical inducer SA in combination with the antufungal T. viride, used by both methods (T1. and T2)
in both growing seasons. On the contrary, the lowest value of total dissolved phenols was recorded in the leaves of tomato
plants when it was treated with antufungal T. viride, which was used by both methods (T1 and T2) in both growing seasons
compared to the other treatments.
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Table 3: The efficacy of Trichoderma viride, salicylic acid applied alone or together, and the fungicide Topsin-M 70% on total
soluble phenol content (mg / 100 g dry weight) in tomato leaves affected with wilt Under field conditions during the two
growing seasons 2019-2020.

Treatments Total phenol (mg/ 100g fresh weight of tomato leaves)
2019 2020 Mean
Control 72.28 74.93 73.61
Salicylic acid SA(200 mM) 126.75 127.18 126.95
T. viride (108 cfu/mL) (T1)* 115.41 116.65 116.03
T. viride (108 cfu/mL) (T2)* 112.12 113.33 112.73
SA+(T1) 138.90 140.37 139.64
SA+(T2) 132.22 133.42 132.82
Topsin-M 70 % 1.5 g/L 142.56 143.67 143.12

*While T1 is soil treatment and T2 is seedlings treatment

Determination of oxidative and hydrolytic enzymes:

The results in Table (4) showed that tomato plants that were treated with the antufungal T. viride and used by both methods
(T1 and T2) and the chemical inducer of SA alone or combined together and the fungicide Topsin-M 70% led to an increase In
polyphenol oxidase enzyme activity compared to comparison treatment. In addition, a significant increase in the activity of
the enzyme polyphenol oxidase was observed in the leaves of tomato plants afflicted with wilt, which were treated with
chemical induction of salicylic acid in both growing seasons, respectively, more than the use of the antufungal, which is used
in both methods (T1 and T2) when using them individually. On the other hand, the highest activity of polyphenol oxidase was
recorded in leaves of tomato plants infected with wilt and that were treated with the fungicide topsin-M 70%, followed by
treatment of the plants with chemical inducer SA + T. viride (T1 and T2) in both growing seasons respectively. While, the
lowest activity of polyphenol oxidase enzyme was recorded when tomato plants were treated with T. viride (T1 and T2) when
they were used individually in both growing seasons respectively compared to the other treatments.

In addition, it was observed from the results in the same table to record a high increase in the activity of the peroxidase
enzyme in the leaves of tomato plants infected with wilt, which was treated with the same treatments mentioned above
compared to the comparison treatment. On the other hand, when tomato plants were treated with the chemical inducer of
salicylic acid, an increase in the activity of the peroxidase enzyme was observed compared to using the antifungal in either of
the two methods (T1 and T2) alone in both growing seasons, respectively. At the same time, the maximum increase in
peroxidase activity was recorded in the leaves of tomato plants infected with wilt and treated with the fungicide Topsin -M
(70%), followed by treatment of the plants with chemical inducer SA in combination with the antufungal T. viride by two
treatments (T1 and T2) in Both growing seasons in a row. In addition, the lowest peroxidase activity was recorded in tomato
leaves infected with wilt and treated with antufungal T. viride by either of the two methods (T1 and T2) in both growing
seasons, respectively, compared to the other treatments.

Also, the results in Table (4) show an increase in the activity of the enzyme chitinase in the leaves of tomato plants infected
with wilt, which were treated with both the antufungal and the chemical inducer separately or together, as well as the
fungicide. Moreover, a significant increase in chitinase enzyme activity was recorded in leaves of tomato plants infected with
wilt, which were treated with chemical inducement of salicylic acid in both seasons, respectively, compared to treatment of
the plants with the antifungal used by any of the two methods (T1 and T2) when applying these treatments individually. Also,
the highest value was recorded for chitinase activity in tomato leaves infected with wilt when treated with chemical inducer
SA combined with antufungal T. viride used by any of the two methods (T1 and T2) and the fungicide Topsin-M (70%) in both
growing seasons the same.

Table 4: Effectiveness of Trichoderma viride, salicylic acid alone or in combination, and the fungicide Topsin-M 70% on
polyphenol oxidase and peroxidase and hydrolysis enzyme (chitinase) activity in tomato leaves infected with wilt under field
conditions during the two growing seasons 2019-2020.

Treatments Polyphenol oxidase Peroxidase (m/g f. w) Chitinase (m/g f. w)
(m/g f. w)

2019 2020 2019 2020 2019 2020
Control 1.42 1.62 2.14 2.29 1.64 1.83
Salicylic acid SA(200 mM) 3.13 3.56 3.35 3.54 3.16 3.81
T. viride (108 cfu/mL) (T1)* 2.51 2.72 2.71 3.11 2.76 2.96
T. viride (108 cfu/mL) (T2)* 2.25 2.31 2.37 2.64 2.45 2.54
SA +(T1) 3.62 4.22 3.96 4.42 3.85 4.52
SA +(T2) 3.46 3.97 3.73 4.12 3.76 4.13
Topsin-M 70 % 1.5 g/L 3.82 4.73 4.65 4.94 4.12 4.96

*While T1 is soil treatment and T2 is seedlings treatment
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DISCUSSION

Fusarium oxysporum is one of the most dangerous pathogens that infect plants, causing it to cause wilt disease, as it spreads
widely in agricultural soil, causing serious problems, especially for global production of tomatoes. (Pasco et al., 2017) he has
been mentioned that, tomato wilt disease caused by F. oxysporum f. sp. lycopersici was the main reason for the reduction in
the global tomato vyield. In recent times, biological control and chemical inducers have been known as one of the safe
alternatives to fungicides used in controlling plant diseases, which play an important role in activating the chemical defence
system of plants. (Wahba et al., 2016 and Pascoe et al., 2017) both have explained that, the use of the antibody T. harzianum
in tomato wilt control caused by F. semitectum reduced the incidence of infection by up to 100%. On the other hand, salicylic
acid is a compound effective in controlling wilt disease, they have decided (Gunes et al., 2007; Abdel-Moneim et al., 2011
and Akram and Anjum, 2011), that, the use of chemical inducers in controlling wilt disease has resulted in a significant
reduction the severity of the disease in tomato plants. When, studying the reaction of the antibody and the chemical inducer
in activating the chemical defence system of tomato plants under field conditions, the results obtained showed that the total
amount of dissolved phenols increased significantly in the leaves of all the treated tomato plants, when using a suspension
Spores of the antufungal T. viride (T1) by treating the soil was more effective than using it by dipping the roots of the seedlings
in its solution (T2), as it increased the amount of total dissolved phenols. The results obtained also indicated that the
accumulation of total dissolved phenols was reduced in a comparison treatment. It is clear that the treatment of tomato
plants with the antibody T. viride and the chemical inducer of salicylic acid induced tomato plants to form total dissolved
phenols not only to reach their content within the infested plant, but also to exceed their content in healthy plants. These
results are in agreement with those reported by Guleria et al. (2005); Ali et al. (2007); El- Khallal (2007) and Abo-Elyousr et
al. (2009), where they clarified that there may be a positive relationship between the total dissolved phenols obtained and
the use of both salicylic acid with Trichoderma, and this study agreed with what previous researchers had mentioned, but
only in the case of treatment by using the method used with (T1) in order to reduce the use of the fungicide if the conditions
required it to be used, the results showed that when tomato plants were treated with T1 + SA, they led to an increase in the
amount of total dissolved phenols higher than that obtained when tomato plants were treated with T2 + SA, compared to
the comparison treatment. The same researchers also showed that the accumulation of phenolic compounds at the site of
infection as a result of treatment with the antagonist and the inducing agent was related to the restriction of pathogen
development, because these compounds are toxic to pathogens. As for the reaction of phenolic compounds inside plants,
(Abo-Elyousr et al., 2009), he indicated that, many phenolic compounds have a function within the plant as anti-pathogens,
as precursors to structural polymers such as lignin, or as signaling molecules. Also,These compounds may prevent the
pathogen from progressing by increasing the mechanical plant cell wall strength. On the other hand, when studying the
effectiveness of the antibody and the chemical inducing agent on increasing the activity of the chemical defence system of
the tomato plants by estimating the activity of some oxidizing enzymes, the results showed that there was a high increase in
the activity of the enzyme polyphenol oxidase inside the tomato plants, under the conditions of fields, which treated with
salicylic acid + (T1 and T2), in contrast, had the lowest record of polyphenol oxidase enzyme activity when treated tomato
plants with T. viride (T1) and T. viride (T2) alone, respectively, compared to the other treatments. Furthermore, the highest
activity of peroxidase enzyme when tomato plants were treated by using the anti-organism and the induced agent together
was recorded, while the lowest activity of the peroxidase enzyme was recorded when the tomato plants were treated with
the T. viride antibody (T1 and T2) alone compared to other treatments. Saying that tomato plants treated with biological and
abiotic agents may induce some mechanisms of the plants' like chemical defence system, such as increasing the activity of
oxidizing enzymes (polyphenol oxidase and proxidase) and hydrolytic enzymes (chitinase) as these compounds are
responsible for increasing the chemo-defence activity of the plants against pathogens. This view is consistent with Gail et al.
(2007) and Jayalakshmi et al. (2009), where, they reported that there was an increase in the activity of oxidative enzymes
(polyphenol oxidase and peroxidase) after treatment of the plants with the antibody T. harzianum. On the other hand, both
have explained El- Khallal, (2007) and Mandal, et al., (2009), where, they indicated an occurrence a significant increase in the
activity of polyphenol oxidase enzyme when the plants were treated by foliar spray with salicylic acid. To explain the reaction
of the oxidizing enzymes, (Ramamoorthy, et al., 2002; El-Khallal, 2007; Latha, et al., 2009; Abd-El-Khair et al., 2011 and
Surekha et al., 2014), they noted that the use of the antagonist Trichoderma spp. on wilted beans to induce chitinase,
peroxidase, and polyphenol oxidase enzymes, which are responsible for increasing the chemo-defensive activity in the plant
by preventing the pathogen progression within the bean plant. Conti et al. (1974); Yamamoto and Tani (1978) and Arora
(1979), were discussed the reaction of oxidative enzymes inside plants where they are mentioned that oxidative enzymes
such as polyphenol oxidase and peroxidase are responsible for the formation of lignin inside the plant cell as well as they
oxidize phenols and convert them into quinines that are more toxic to pathogens, while working Other oxidizing phenols
create protective barriers that reinforce the plant cell wall structure. Both have also explained Yedidia et al. (2003) and
Newman Sally et al. (2011), that, the enzyme polyphenol oxidase cooperates with lignin in inducing the oxidation of phenolic
compounds that depend on oxygen to quinine, as this process protects plant tissues from damage and infection with
pathogens. (Yoshida et al., 2003), he has indicated that, the peroxidase enzyme has a major role in ethylene biosynthesis and
the construction of the components of the plant cell wall from lignin and suberin, as these components affect the wall
thickness and thus increase the resistance of plants against infection with fungal pathogens, as peroxides enter the formation
of lignin, polymerize glycoproteins rich in hydroxyproline, and regulate the elongation of the cell wall. The results obtained
also showed an increase in the activity of the enzyme chitinase, where the highest value of the enzyme activity was recorded
in tomato plants infected with F. oxysporum when treated with salicylic acid + (T1 and T2) and Topsin-M (70%). These results
are consistent with both Schlumbaum et al. (1986); Ham et al. (1991); Leah et al. (1991) and Velazhahan et al. (2003), where,
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they reported that, chitinases play an important role in the analysis of chitin, which is a major component of fungal cell walls,
which leads to direct inhibition of the growth of many fungal pathogens.

Conclusion

It can be concluded that the group of antagonists and chemical inducers can be used as integrated alternatives promising in
the control of fusarium wilt disease in tomato plants. Therefore, in this study, new methods were followed in combating
tomato plant wilt disease that depend mainly on activating the chemical defence system of plants against fungal pathogens,
where biotic and abiotic agents such as Trichoderma viride antibody were used as a biological control agent, also, salicylic
acid as a chemical stimulus, these agents are used to combat fungal diseases.
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