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Abstract 

This study demonstrated the efficacy of riboflavin and Trichoderma spp. In increasing the induction of 
resistance in tomato plant against the pathogenic fungus Alternaria alternata that causes Alternaria 
spot disease. The study in Invetro showed the ability of two isolates of the pathogenic fungus 
A.alternata in the water agar medium, as the isolate of fruits had the most impact on the severity of 
infection of tomato seeds, which amounted to 59% compared to isolate the leaves, which amounted to 
47%. The results of the antagonism test for T.viride and T.koningii in PDA medium showed a high 
antagonistic ability against A.alternata by double culture method, where the antagonism degree was 1 
according to the Bell scale. Many chemical compounds were obtained from the filtrate of T.viride and 
T.koningii by GC-MS technique believed to have a role in inhibiting pathogens, including 2-Propenoic 
acid and Octadecanoic acid. The bio-resistant fungi and riboflavin used reduced the severity of infection 
with the pathogen. A. alternata in pots had the lowest severity of infection with riboflavin treatment 
(8.21)%. The highest content of peroxidase enzyme in tomato leaves when T.v+T.k+B2+A.a treatment 
was 3.30 units/gm.  

Number: 10.14704/nq.2022.20.9.NQ44001         Neuro Quantology 2022; 20(9):1-8 

Introduction  

Tomato (Solanum lycopersicum L.), one of the 
important vegetable crops for human 
consummation, it constitutes a high nutritional 
value. It is rich in vitamins, including A, B, and C. 
It is also characterized by containing many 
mineral elements such as iron and phosphorous, 
as well as containing antioxidants, including 
lycopene (Christoppher et al., 2010 and Rakha et 
al., 2011).In all its cultivation areas, the tomato 
plant is exposed to many agricultural pests, the 
most important of which are fungi, bacteria, 
nematodes and viruses. The fungus Alternaria 
alternata is among the important causes that 
affect the tomato plant, as it causes many 
symptoms, including spots on the leaves, 
necrosis of the stem, black mold on the fruits, 
and the infection with the fungus A. alternata 
develop during harvest and after harvest (Tilgen 
and Geoips, 1982; Matrood and Rhouma, 
2021a).Many chemical fungicides have been 
used to combat leaf spot diseases caused by the 
fungus A. alternata (Matrood and Rhouma, 
2021b). Despite the contribution of chemical 
pesticides to the protection of agricultural 

production, there are many negative aspects to 
them, including their environmental risks and 
their impact on many non-target organisms and 
the emergence of strains resistant to the action 
of pesticides (Altman and Campbell, 1977; 
Matrood and Rhouma, 2021a). Sequeira (1983) 
also found that the induction of systemic 
resistance in the plant is accompanied by the 
accumulation of proteins and other compounds. 
The isolates of the biogenic fungus Trichoderma 
spp. It has the ability to induce systemic 
resistance by increasing the activity of 
peroxidase enzyme in plants treated with the 
fungus (Hamid, 2002; Matrood and Rhouma, 
2021c). Agrious, 1997 noted that the plant 
defenses are stimulated when exposed to 
external causes, living or non-living, by the 
production of phytoalexins as well as their 
production of suberin and lignin. In addition to 
the non-living factors where vitamins appear as 
organic compounds used as a catalyst in the 
systemic resistance induced in the plant 
(Reignault and Walters, 2007). Where they are 
considered effective elements against many 
pathogens through foliar spraying of different 
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vitamins alone or in combination with other 
compounds such as vitamin. 

Materials and Methods  

Isolation and identification of A. alternata 

Infected tomato fruits in the form of a spot of 
olive-black color were brought from the local 
markets, and the leaves appear spots with 
yellow color were located from the greenhouse 
in the Basrah Research Station. The samples 
were washed with water, sterilized with a 
solution of sodium hypochlorite NaOCl (10%) 
for 3 minutes and washed with sterilized. The 
vegetable samples were placed on the Whatman 
No.1 filter paper to dry. 2-3 small samples were 
transferred to Petri dishes containing sterile 
PDA medium and incubated at 25±2°C for 7 days 
with three replicates (Matrood et al., 2022).  

Pathogenicity test  

The two isolates of A. alternata were grown on 
W.A medium and incubated at 25±2 
temperature for 3 days, then sterilized tomato 
seeds were sown with a solution of sodium 
hypochlorite (NaOCl) at a concentration of 10% 
for 3 minutes and washed with sterilized 
distilled water and distributed circularly around 
the fungal colonies. The experiment were 
composed with inoculated seeds and control 
(treated with sterilized distilled) with 10 seeds 
in each dish. The dishes were incubated at a 
temperature of 25 ± 2°C for 10 days. The 
pathogenicity of A. alternata was calculated 
according to a scale from 0 to 5: 0 seeds are 
intact; 1 Part of the seedlings are colored brown 
with their connection to the fungus; 2 The 
fungus invades the seed coat but the seedlings 
are intact; 3 The seed coat is free from the 
fungus but infected; 4 Seed coat and seedling 
infected; 5 The seeds are infected and not 
germinated (Manici et al., 1992). 

Antagonism test between a living fungus and 
the pathogenic fungus A. alternata 

The direct confrontation method was adopted, 
Daul-culture Technique, to test the biological 
ability of fungi against the pathogenic fungus A. 
alternata. Divide a petri dish containing a sterile 
PDA medium with an imaginary line into two 
equal parts and inoculate the center of the first 
section with a 0.5 cm diameter disc from the 
colony of the live fungus T. viride at the age of 7 
days and inoculate the second section of A plate 
with a diameter of 0.5 cm from a colony of 

pathogenic fungus A. alternata at the age of 7 
days, with 3 replications, was used as control. A 
petri dish containing sterile PDA medium was 
inoculated with a disk with a diameter of 0.5 
from a colony of pathogenic fungus A. alternata 
was incubated at a temperature of 25±2 and 
upon arrival of the pathogen in the control 
treatment (Matrood et al., 2021). To the edge of 
the plate, the degree of antagonism was 
calculated according to the five-degree scale of 
Bell et al. (1982). 

1.  The bio-resistant fungus covers the whole 
dish 

2-  The biological resistance fungus covers one 
third of the plate 

3-  The biological resistance fungus covers half 
of the plate 

4-  The pathogenic fungus covers two-thirds of 
the plate 

5-  The pathogenic fungus covers the whole 
plate 

Compounds present in filtrate of bio-
resistant fungi and their identification by 
GCMS technology 

The filtrate of the two fungi prepared in 
paragraph 3-5 was taken. Then the filtrate of 
each T. viride and T. koningii was placed in Petri 
dishes and placed in the freezer for one day after 
freezing. It was transferred to the Freeze dryer. 
Then the samples were extracted using 10% 
ethanol, then 0.2 ml of the extract was taken. It 
was injected with a GCMS device to read the 
substances and compounds present in the 
filtrate (Senthikumar et al., 2011). 

Study of the biological effect of bio-resistant 
fungi and riboflavin in stimulating and 
encouraging plant growth in plastic pots 

The experiment was carried out in pots of 
dimensions 17 x 18 cm. Mixed soil was sterilized 
mixed with moss at a ratio of 1:2 ratio. The 
experiment design was in BAC and composed 
with plants treated with T. viride and T. koningii 
in the presence of the pathogen. with three 
seedlings in each pot, at the beginning of the 
plants reaching the flowering stage, they were 
sprayed with riboflavin solution at a 
concentration of 15 mmol/mol, and the pesticide 
treatments were also sprayed with a 
concentration of 50 ppm, then after three days 
they were sprayed with a suspension of the 
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pathogenic fungus A. alternata spores (Matrood 
and Rhouma, 2022). After a month, the disease 
severity was calculated according to Mckinney's 
(1923) (Al-Waeli, 1988). 

The content of peroxidase enzyme (Matrood 
and Rhouma, 2021a). 

They were transferred from the field to the 
laboratory inside a box containing ice, then 1 gm 
of roots was taken, then washed with deionized 
distilled water and mashed in a ceramic mortar 
inside an ice bath. bath) by adding 2.5 ml of 
Potassium phosphate buffer with a 
concentration of 0.05 mo with a pH of 6 = pH 
was prepared by dissolving 6.804 g of potassium 
dihydrogen phosphate (KH2PO4) + 8.709 g of 
potassium phosphate (K2HPO4) in 100 ml of 
distilled water. , take 5 ml of the mixture and 
complete the volume to 100 ml of distilled water 
to obtain a phosphate buffer solution at a 
concentration of 0.05 molarity 6 = pH. The 
mixture (roots + phosphate buffer solution) was 
placed in a centrifuge at 1200 rpm for 20 
minutes, then 250 microliters were added From 
each dye Gauiacol at a concentration of 0.5%, 
hydrogen peroxide at a concentration of 0.3% 
v/v and 2.5 of a phosphate buffer solution, then 
the readings were recorded by reading the 
amount of optical absorption of the sample in a 
spectrophotometer at a wavelength of 470 nm 
after Filter the device with a mixture consisting 
(5 ml of buffer solution and 250 μl each of 
Gauiacol dye and hydrogen peroxide after 
combining them, then 3 ml was taken and placed 
in the device cell for filtering). grams of soft 
weight according to the following equation: 

Enzymatic activity Absorption unit/g = (the 
device read) / (reading taken volume x (form 
weight) / (extraction volume) x 100  (Matrood, 
2015) 

Results and Discussion 

Isolation and identification of A. alternata 

Isolation of the fungus A. alternata from tomato 
leaves and fruits (Fig. 1), which appeared on 
dark brown spots tilted to black. The spots are 
characterized by being of different shapes and 
sizes and are often surrounded by a yellow halo. 
The fungus colonies were distinguished by the 
fact that their upper surface was olive-black 
with a texture Velvety and irregular in shape, the 
surface of the lower colony is brownish-black, 
and the colonies were slow-growing on the 

medium of PDA, and when examined under a 
microscope at a power (40x) the spore carrier 
appeared as a single bearing a series of small-
sized spores characterized by the presence of 
three to eight transverse septa with the 
presence of Longitudinal septums are often 
neckless or short neck sporangia and these 
characteristics are consistent with Chen (2018), 
Alubi (2017) and Matroud (2009). 

 

Figure (1) Isolation and diagnosis of the 
pathogenic fungus A.alternata 

 

Pathogenicity test  

After obtaining the two isolates of the 
pathogenic fungus A. alternata, isolate was given 
number 1 isolated from tomato fruits and isolate 
was given number 2 isolated from leaves, and 
when testing the pathogenicity of the two 
isolates in the middle W.A. that isolate number 1 
was more effective in the percentage of seed 
infestation, as it reached. The disease severity of 
the first isolate were highly (59%) compared to 
the isolate from leaves (47%) (Table 1). 

 

Table (1) The percentage of disease severity 
of two isolates of pathogenic fungus 
A.alternata in medium W.A with tomato 
seeds. 

disease severity A. alternata 

59 Isolate No.1 

47 Isolate No.2 

8 L.S.D 0.01 
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Evaluation of the biological efficiency of fungi 
in the growth of pathogenic fungi A. alternata 

The results of the double culture experiment 
showed the ability of T.viride to inhibit the 
growth of A.alternata in the PDA culture 
medium, where the degree of antagonism was 1 
according to the scale of Bell et al. (1982), if the 
fungus T.viride covered the whole plate 
compared to the fungus The pathogen. 

Inhibiting the pathogenic fungus is due to the 
rapid growth of T.viride, competition for 
nutrients, and the ability to produce cell wall-
dissolving enzymes that work within the 
mechanisms of antagonism and parasitism to 
break down the cell wall of pathogenic fungi, 
including Chitinase, Cellulase, Glyconase B-1,3- 
and Protenase (De Marco and Felix, 2002 & 
Howell, 2003). In the middle is the PDA. As for 

the results of the antagonism by the double 
culture method of T.koningii in inhibiting the 
pathogenic fungus A.alternata in PDA culture 
media, it reached a degree of antagonism of 1 
according to the scale of Bell et al., (1982). If the 
fungus covers the whole plate compared to the 
pathogenic fungus, Melo and Faull (2000) 
showed that three isolates of T.koningii and 
T.harzianuminhibited the growth of 
Rhizoctoniasolaniin PDA culture media. The 
reason for the inhibition may be due to the 
secretion of metabolites that contain inhibitory 
toxins of the pathogen.Rajkonda et al. (2011) 
indicated the ability of species of 
Trichodermaspp, represented by T. koningii, 
T.viride, T.harzianum, T.virens and 
T.psedokoningii to inhibit pathogenic fungi in the 
food media, while they differed in their ability to 
inhibit pathogenic fungi. 

             A: T.koningii +A.alternata                                                 B:T.viride +A.alternata 

 

Identification of compounds present in the 
filters of T.viride and T.koningii by GC-MS 

 According to the results, a table (2) was 
obtained on many compounds and substances 
present in the filter of the fungus T.viride and 
T.koningii, some species of the genus 
Trichoderma are used as biological control 
factors due to their possession of many 
mechanisms, including fungal parasitism, 
antagonism, competition, enzymatic activity and 
role in induction of defense mechanisms In the 
plant in addition to its production of many active 
volatile organic compounds (Sood et al., 2020). 
In previous studies, it was found that VOCs from 
microorganisms have the ability to stimulate 
genes responsible for the defense mechanism in 
plants and also prevent infection caused by 
pathogens (Cordovez et al., 2017). 

Trichoderma species has significant activity 
against many plant pathogenic fungi including 
the pathogenic fungus Fusarium (Zhang et al., 
2014). Additionally, it has been extensively 
studied for its effective role as biofertilizer and 
in pest management (Gupta et al., 2014). 

These compounds have been found to promote 
plant growth by protecting it from pathogen 
attack (Schulz-Bohm et al., 2017 and Tilocca et 
al., 2020). The volatile compounds produced by 
Trichoderma species interact between plants 
and organisms. These produced compounds 
enhance plant biomass and also compete with 
the growth of pathogens, as they act in a 
complex mixture. Environmental conditions 
such as humidity, temperature, etc. affect 
production and mechanism of action (Tilocca et 
al., 2020). 

  

B A 
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Table (2) Compounds in the filtrate of T.viride and T.koningii with GC-MS . technology  

 

molecular 
weight 

 

chemical 
formula 

 

chemical composition 

 

chemical 
compound name 

 

60 

 

C2H4O2 

 

 

Acetic acid 

 

112 

 

C8H16 

 

 

3-Octene 

 

128 

 

C8H16O 

 

 

1-Octen-3-ol 

 

100 

 

C5H8O2 

 

 

2-Pentenoic acid 

 

140 

 

 

C9H16O 

 
 

2-Nonenal 

 

 

184 

 

C11H20O2 

 

 

 

 

2-Undecenoic acid 

592  

C40H80O2  

Octadecanoic acid, 
docosyl ester 

 

Effect of provoking factors on the severity of 
tomato pathogenic fungus infection in the 
pots 

The results as shown in Table (3) that inducing 
factors and biological resistance fungi have good 
efficiency in reducing the severity of infection in 
tomato plants with the pathogenic fungus 
A.alternata The infection severity decreased 
from 53.57% in the pathogenic fungus treatment 
to 8.21, 8.33 and 16.66% in the riboflavin 
treatment and the interaction treatment. T.v + 
T.k +B2 + A.a and the fungus T.k+A.a treatment 
respectively. 

The effects of biological fungicides in reducing 
the reduction of pathogenic fungi in tomato 
plants can be explained by the efficiency of 
biological resistance factors Trichoderma spp. In 
reducing plant infestation with the pathogen, 
which is due to the increase in the density of the 
population in the soil and attacking the 
pathogens and destroying the reproductive 
parts of other fungi (Lewis and Lumsden, 2001), 
Kucuk and Kivanc (2003) also confirmed that 
the addition of the biological fungus 
Trichoderma to the soil led to the inhibition of 
the fungus Sclerotiumrolfsii and R.solani by 
82.8% and 76.6%, respectively. The pesticide 
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treatment reduced the effect of the pathogenic 
fungus, the infection severity was 33.33% 
compared to the pathogenic fungus treatment, 
which reached 53.57%. The cell in the 
pathogenic fungus, which causes a defect in the 
growth of the fungus and thus leads to its death 
(Wang et al., 2015).  

 

Table (3) The role of riboflavin and fungi in 
the severity of infection with A.alternata 
fungus in pots 

Injury severity % Treatment 

53.57 A.alternata 

33.33 Ortiva +A.a 

8.21 B2+ A.alternata 

25.02 T.viride+ A.a 

16.66 T.koningii+ A.a 

8.33 T.v+T.k+B2+A.a 

6.1 LSD 0.05  

 

Determination of peroxidase enzyme in roots 
and leaves of tomato 

The results of the experiment showed Table (4) 
when plants were treated with riboflavin (B2) 
and biological resistance factors, whether the 
plants were inoculated with the pathogenic 
fungus or not, led to an increase in the activity of 
the peroxidase enzyme, whether in the roots or 
leaves, where the interaction treatment T.v + T.k 
+ B2 + A.a reached the highest concentration 
The enzymatic activity is 3.30 units/gm fresh 
weight of the shoot, this may be due to the 
ability of riboflavin and biological resistance 
factors to stimulate peroxidase enzyme and 
increase its activity in addition to the enzymes 
secreted by biological fungi. 

The role of the peroxidase enzyme in inducing 
resistance in plants through its ability to 
synthesize phytoaloxins inside the plant, during 
the oxidation of phenols and converting them 
into quinones that are more toxic than the 
original compound of the pathogen, and also 
works on the synthesis of lignin and suberin, 
which are physical obstacles against the 
pathogen of the plant (Barcelo et al., 1996). ). 

 

Table (4) The content of peroxidase enzyme 
in the roots and leaves of the tomato plant 

Treatment Enzyme estimate 
unit/gm  

Control 1.66 

Ortiva 1.33 

T.V 1.71 

T.K 0.86 

A.a 1.86 

B2 2.08 

T.V+A.a 1.65 

T.K+A.a 1.28 

B2+A.a 2.18 

A.a+Ortiva 0.93 

T.V+T.K 1.93 

T.K+B2 2.18 

T.V+B2 1.91 

T.V+T.K+B2 1.08 

T.V+T.K+B2+A. 3.30 

LSD 0.05 0.45 
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