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Biocontrol using the fungus Trichoderma harzianum demonstrated high efficacy against 

Fusarium oxysporum. In laboratory tests, the inhibition rate reached 84.73%. Under 

greenhouse conditions, the germination rate and seedling mortality rate were 69.33% and 

12.70%, respectively, compared to the F. oxysporum control group, which recorded 

31.00% germination and 92.33% seedling death. Polymerase chain reaction (PCR) was 

used to confirm the molecular identity of the T. harzianum isolate. In untreated control 

tomato plants, the infection rate reached 82.34%, with a disease severity index of 0.76. 

Application of mycorrhizal fungi significantly reduced the infection rate and severity to 

35.97% and 0.36, respectively. The pathogenic F. oxysporum isolate was originally 

obtained from infected tomato plants for further pathological studies. Evaluation of 

different treatments indicated significant improvements in plant growth and a reduction 

in disease incidence. Treatment with fungicide Beltanol in F. oxysporum contaminated 

soil notably improved plant performance: the average fresh weight of plants, fruit yield, 

and dry weight reached 39.19 g, 49.5 g, and 31.50 g, respectively, with an average plant 

height of 61.11 cm, compared to the infected control group, which recorded 14.51 g, 18.9 

g, 11.36 g, and 32.45 cm, respectively. The combined treatment of F. oxysporum + 

Beltanol + T. harzianum + mycorrhizal fungi was the most effective, yielding the highest 

fresh weight (54.4 g), dry weight (43.58 g), and plant height (63.58 cm). These results 

highlight the synergistic effects of biological and chemical control methods in reducing 

disease severity and promoting significant tomato plant growth. A factorial randomized 

complete block design (R.C.B.D.) was used, and the data were statistically analyzed 

using SAS software. 

Keywords: 

Fusarium oxysporum, Trichoderma 

harzianum, PCR, Iraq 

1. INTRODUCTION

Fusarium species associated with tomato are grouped into 

various phylogenetic species complexes, including non-

pathogenic species (useful as biocontrol agents) as well as 

polyphagous (Fusarium solani) and specific pathogens 

(Fusarium oxysporum f. sp. lycopersici) of tomato [1]. 

Fusarium oxysporum is a complex and important species 

within the genus Fusarium, and is the main cause of Fusarium 

wilt disease in many economically important agricultural and 

horticultural crops, such as tomatoes, cruciferous vegetables, 

cotton, bananas, and melons [2]. 

Trichoderma spp. produces a wide range of highly effective 

biological substances and enzymes, and it is widely used as a 

bio-control agent against many plants' pathogenic fungi [3, 4]. 

Trichoderma spp. belongs to Deuteromycotina, 

Hyphomycetes class, Moniliales order, Moniliaceae family; it 

has a sexual phase classified under Division Ascomycotina, 

Hypocreales order, Hypocrea genus [5]. The most important 

traits of species affiliated with Trichoderma spp. are the speed 

of growth on industrial growing media and the production of 

huge numbers of small-sized conidia of green or white colors, 

which are located at the end of multi-branched conidiophores. 

Trichoderma is able to grow, reproduce, and spread in various 

environments. It grows in almost all types of soil and on 

decomposing plants, and it is rare for it to parasitize plants [6]. 

Several studies have demonstrated the important role of 

biocontrol fungi in reducing the severity of infection with 

many root diseases and seedling drop resulting from 

pathogenic soil-borne fungi and fungus-like pathogens such as 

R. solani, Verticillium dahliae, Phytophthora spp., Fusarium

spp., and Pythium spp. [7].

Arbuscular mycorrhizae has attracted the attention of 

scholars and researchers in the field of biofertilization and 

biological control, due to its ability to stimulate plant growth 

and productivity, as well as its capacity to limit the growth and 

pathogenicity of many pathogens [8, 9]. Moreover, it was 

found recently that these fungi are also able to induce plant 

resistance against many pathogens. What reinforces this 

hypothesis is the cellular and chemical defenses that appear in 

the plant in the presence of the pathogen. In fact, Cordier et al. 

[10] found that the presence of Glomus mosseae inside the root

cells of tomato enhances the ability of the plant to reduce the

spread of the fungus-like pathogen Phytophthora parasitica
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inside the root cells by increasing the thickness of the infected 

cell wall through the deposition of pectin and callus. 

Fungicides have been used as one of the important chemical 

means with the aim of controlling many plant diseases by 

inhibiting the growth of fungi or killing pathogens, which 

leads to a reduction in the rate of fungal infection. Studies [1, 

11] mentioned the importance of chemical control to reduce 

plant pathogens, which is one of the most common and widely 

used methods to reduce disease progression. 

Studies have shown that treatment with the chemical 

fungicide Beltanol reduced the severity of pear root rot caused 

by the fungus Fusarium solani. Beltanol, at a concentration of 

1 ml/L, was also used to control root rot caused by the fungus 

Rhizoctonia solani in bean roots, and it successfully inhibited 

the growth of the pathogenic fungus R. solani on PDA media 

and in semi-closed field environments [12]. 

Although many fungicides have been used to control 

Fusarium wilt, their continued use is difficult due to the 

emergence of resistant isolates and their negative effects on 

the natural environment, agricultural systems, and human 

health [13]. 

Therefore, the current study aims to find effective and 

environmentally safe alternatives for disease control, focusing 

on the use of local Trichoderma spp. fungi and mycorrhizal 

fungi to combat Fusarium wilt and promote the growth of 

tomato plants. 

 

 

2. MATERIAL AND METHOD 

 

2.1 Isolation and characterization of Trichoderma species 

naturally associated with tomato, and testing their disease-

suppressive potential 

 

One gram of well-mixed soil was taken and added to 9 ml 

of sterile distilled water in a test tube. The suspension was then 

shaken vigorously for 30 seconds to ensure proper mixing. 

Subsequently, a series of serial dilutions was performed. 

1 M sample was taken from the fifth dilution and plated onto 

a PDA (Potato Dextrose Agar) medium. The sample was 

spread evenly across the medium's surface by stirring. 

The plates were incubated for 2-3 days at a temperature of 

25 ± 2℃ [14]. Following incubation, purification of the 

isolated colonies was performed. 

 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 

=
𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑖𝑚𝑒𝑠 𝑓𝑢𝑛𝑔𝑖 𝑎𝑝𝑝𝑒𝑎𝑟 

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑡𝑜𝑡𝑎𝑙 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠
× 100  

(1) 

 

According to research [15], tests have been done on 

antagonistic ability for the identification of the most active 

isolates 

 

2.2 Isolation of the Trichoderma from soil 

 

1. Collecting soil samples for the purpose of isolating 

the fungus Trichoderma spp.  

Soil samples were collected randomly from tomato 

greenhouses at a depth of 10-15 cm from the area near the 

rhizosphere, a quantity of approximately 5-10% samples per 

greenhouse was taken and the samples were placed in 

polyethylene sterile bags, then it was transferred to the 

Laboratory of the College of Agriculture / University of 

Karbala for the purpose of isolating the fungus. 

2. Isolation of Trichoderma spp. fungus from soil 

(Dilution plate method) 

Samples were prepared after sifting them with a fine sieve 

to get rid of impurities and stones stuck in them. Soil samples 

of 10 grams were taken and placed in a 500 ml beaker 

containing 90 ml of sterile distilled water to obtain a stock 

solution [16]  were then put on a magnetic stirrer for 20 

minutes to mix the soil well with water. A volume of one ml 

of the soil solution was added to nine ml of sterile distilled 

water and mixed for one minute to homogenize the solution to 

obtain a dilution of 10-1. The process was repeated until 

reaching the sixth dilution, 0.1 ml each taken from the last 

three dilutions (10-6, 10-5, and 10-4) and injected into Petri 

dishes containing the solidified nutrient medium Potato 

Dextrose Agar (PDA), and added antibiotic chloramphenicol. 

Dishes were stirred horizontally and in a circular manner to 

ensure homogenization of the soil on the surface of the nutrient 

medium. Three replicate dishes were used for each soil 

dilution. The dishes were incubated (25 ± 2℃) for 5-7 days 

with continuous checking of any fungal growth [17]. Fungal 

colonies were purified by transferring hyphal tips from the 

growing colonies into new Petri dishes containing fresh PDA 

medium with added chloramphenicol. The plates were 

incubated again under the same conditions as previously 

described. 

Isolated fungi were identified based on their taxonomic 

characters mentioned in the research [18]. 

 

2.3 Contrast ability test in vitro 

 

To analyze the effect of selected biocontrol agents (T. 

harzianum, T. asperellum, and T. viride) against the target 

pathogen Fusarium oxysporum f. sp. lycopersici, a double-

cropping method was adopted on PDA medium. 

Medium plates were divided into two equal parts using a 

stationary pen. The center of the first half was inoculated with 

a 5 mm diameter disc taken from a fresh colony of the 

pathogenic fungus, while the center of the second half was 

inoculated with a similar disc taken from the edge of a fresh 

colony of the resistant biocontrol fungus. 

In the third treatment, the center of the plate was inoculated 

with two discs: one from the pathogenic fungus and the other 

from the resistant fungus, to study the interaction between 

them. 

Three replicates were performed for each double-cropping 

treatment, and the plates were then incubated at 25 ± 2℃. The 

results were observed after seven days of incubation according 

to the scoring scale shown in Table 1 [16]. 
 

Table 1. Measurement [16] 
 

Grade 

Awarded 
Rated Observations 

1 The biocontrol agent completely covers all the dishes 

2 The biocontrol agent covers 2/3 of the dish 

3 
The biocontrol agent and the target pathogen both 

cover half the dish 

4 The target pathogen covers 2/3 of the dish 

5 The target pathogen covers the entire dish 
Fungal agents rated within grades 1 and 2 have a high biocontrol capacity. 

The most pathogenic isolate of F. oxysporum was obtained from infected 
tomato plants and identified through detailed phenotypic and microscopic 

examination. 

 

The percentage of inhibition was determined by measuring 

the radius of the pathogenic fungus's growth and comparing it 
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to the growth of the bioresistant fungi in the control treatment. 

Fungi were inoculated 1 cm from the edge of a Petri dish for 

each isolate separately to assess the effectiveness of the 

biocontrol agent in reducing pathogen growth. 

The percentage was calculated using the Abbott equation 

[19], as follows: 
 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 

=

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑛 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 −
𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑛 𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑙𝑜𝑛𝑦 𝑟𝑎𝑑𝑖𝑢𝑠 𝑖𝑛 𝐶𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

(2) 

 

2.4 Contrast ability test in greenhouses  

 

In the greenhouse experiment, a mixture of sandy soil and 

peat moss at a ratio of 1:3 (w/w) was used as the culture 

medium. This experiment was carried out in plastic pots in the 

greenhouses of the College of Agriculture - University of 

Karbala, where the soil and peat moss were mixed and 

sterilized using an autoclave device at a temperature of 121℃ 

and a pressure of 15 psi for 60 minutes. The next day, the 

sterilization process was repeated under the same conditions 

mentioned previously. The sterilized soil was placed in 3 kg 

plastic pots at a rate of three replicates for each isolate. The 

treatment was left without adding the pathogenic fungus 

(control treatment), and the Trichoderma spp. fungus was 

added to the soil at a rate of two grams per kilogram of soil. 

The biological agent was added to the soil before planting. As 

for the pathogenic fungus, it was added to the soil at a rate of 

1 gram per kilogram of soil and added to the soil before 

planting (the F. oxysporum fungus was grown on a medium of 

millet). In the final treatment, the pathogenic fungus F. 

oxysporum and Trichoderma spp. were added. Surface-

sterilized tomato plant seeds were disinfected with sodium 

hypochlorite solution (15% free chlorine) and sown in the 

prepared pots at a rate of 10 seeds per pot. 

The experiment was conducted with three replicates for 

each individual treatment. Pots were distributed in the 

greenhouse. The temperature ranged from 20 to 25℃. 

According to the modern commercial design, it was completed 

as follows: 

1. Control treatment – without any fungus. 

2. Treatment with F. oxysporum only. 

3. Treatment with Trichoderma spp. and F. oxysporum. 

The percentage was calculated two weeks after planting 

according to the following equation: 

 
𝐺𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠
× 100 

(3) 

 
The percentage of seedling death was calculated four weeks 

after planting according to the following equation: 

 
 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 𝑑𝑒𝑎𝑡ℎ

=  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑎𝑑 𝑠𝑒𝑒𝑑𝑙𝑖𝑛𝑔 

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑠𝑠𝑠𝑔𝑙𝑖𝑛𝑔 
× 100  

(4) 

 
2.5 Morphological characterization of Trichoderma spp. 

 

Three selected isolates of the fungus were characterized 

based on the phenotypic traits of their colonies and 

microscopic examination after culture on Potato Dextrose 

Agar medium (PDA) and using the following taxonomic keys 

(Table 2). Then, the polymerase chain reaction technique was 

used at the In-Center  Asco Learning/Baghdad/Iraq to 

molecularly identify the isolate under study. 
  

Table 2. Primer sequences 

 
Primer 

Name 
Sequence (5′→3′) 

Target 

Region 
Function 

ITS1 
TCCGTAGGTGAACC

TGCGG 

Upstream of 

ITS1 

Forward 

Primer 

ITS4 
TCCTCCGCTTATTG

ATATGC 

Downstrea

m of ITS2 

Reverse 

Primer 

 

Table 3. Reaction components 

 

Component Volume (μL) 

Template DNA (Genomic DNA) 1.0 

Forward Primer 1.0 

Reverse Primer 1.0 

Taq DNA Polymerase 5 U/ μL 0.2 

dNTP Mix (10 mM) 0.5 

MgCl2 (usually 50 mM stock) 1.5 

10XPCR Buffer 2.5 

Nuclease-Free Water Up to 25.0 

Total Reaction Volume 25.0 

 

2.6 Experiment in the greenhouse 

 

In the greenhouse experiment, a mixture of sandy soil and 

peat moss was used in a ratio of 1:3 v/v. This experiment was 

carried out in plastic pots in the greenhouses of the College of 

Agriculture - University of Karbala, where the soil and peat 

moss were mixed and sterilized using an autoclave device at a 

temperature of 121℃ and a pressure of 15 pounds for two inch 

for 60 minutes, and on the next day, the sterilization process 

was repeated again under the same conditions mentioned 

previously. The sterilized soil was planted in three kg plastic 

pots at a rate of three replicates for each isolate The treatment 

was left without adding the pathogenic fungus (control 

treatment), and the T. harzianum fungus was added to the soil 

at a rate of two grams per kilogram of soil and the biological 

agent was added to the soil before planting as for the 

pathogenic fungus, it was added to the soil at a rate of 1 gram 

for kg of soil and added to the soil before planting, In the final 

treatment, the pathogenic fungus F. oxysporum and T. 

harzianum were added. Surface-sterilized tomato plant seeds 

were disinfected with sodium hypochlorate solution (15% free 

chlorine) and sown in the prepared pots at a rate of 10 

seeds/per pot. 

The experiment was conducted with three replicates for 

each individual treatment; Pots were distributed in the 

greenhouse. The temperature ranged from 20 to 25℃, and the 

growth period was two and a half to three months. According 

to the Modern commercial design, it was completed as follows:  

1. Control treatment - without any fungus. 

2. Treatment with F. oxysporum only. 

3. Treatment with T. harzianum and F. oxysporum.  

The infection percentage of tomato plants was calculated 

and surveyed regardless of the size of the infection using the 

following equation: 

 
𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑖𝑜𝑛(%)

=
𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝑝𝑙𝑎𝑛𝑡𝑠

𝑇ℎ𝑒 𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 
× 100  

(5) 
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A satisfactory index was established according to the scale 

of research [20]. It consists of five grades, and according to 

McKinney [21], the degree of infection is estimated according 

to the appearance of the infection, based on the following 

evidence (Table 3). 
 

Table 3. A satisfactory index scale shows a pathological 

scale of five grades 

 
Infection 

Severity 

Rating 

Percentage of the Infected Part of Tomato 

Plants 

0 Healthy (no disease symptoms). 

1 

There is no wilting of the plant, but a slight 

discoloration of the vessels and yellowing of 

the leaves occurs. 

2 

Complete discoloration of the roots from 

inside, complete yellowing of the leaves, 

drooping and falling, and slight wilting. 

3 

The discoloration extends from the roots to the 

bases of the stems and becomes pale with the 

death of some of its vegetative parts. 

4 Plant death. 
The degree of infection is estimated according to the appearance of the 

infection. 

 

The severity of the infection was calculated according to the 

equation [22] as follows:  
 

𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑠𝑒𝑣𝑒𝑟𝑖𝑡𝑦

=

𝑁𝑢𝑚𝑏𝑒𝑟 𝑃𝑎𝑛𝑡𝑠 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 (0) + ⋯ +

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑙𝑎𝑛𝑡𝑠 𝐶𝑎𝑡𝑒𝑔𝑜𝑟𝑦 (4)

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑡𝑒𝑠𝑡𝑒𝑑 𝑇𝑜𝑝 𝑐𝑎𝑡𝑒𝑔𝑜𝑟𝑦 𝑖𝑛𝑑𝑒𝑥 
× 100  

(6) 

 

2.7 Isolation of mycorrhizal fungi from the soil  
 

For isolating the mycorrhizal fungus  )locally (, samples 

were taken from the soil surrounding the roots of the 

experimental plants (randomly from the rhizosphere) using the 

method of perpendicular diagonals by creating an imaginary 

rectangle, Samples were collected from the four corners of the 

rectangle and from a diagonal intersection area and at a depth 

of (5.5 - 25 cm) of the rhizosphere, Samples were collected 

from different soils from fields planted with the experimental 

plants, The samples were mixed together separately in order to 

obtain a homogeneous and representative sample for the entire 

field. The samples were placed in sterile nylon bags and 

recorded on them (location and host plant), and kept in the 

laboratory until use in the future for isolation purposes. The 

wet testing method previously described was followed study 

[23],  for the purpose of isolating spores and later diagnosing 

them. This method consisted of weighing 250 grams of soil 

and placing it in a 2.5-liter glass beaker to which one liter of 

running water was added. The mixture was stirred well and left 

for 1-2 minutes to allow the soil particles to fall to the bottom 

of the beaker. The suspension was then passed through A set 

of sieves with diameters of 177, 90, 50, and 35 microns. The 

contents of the sieve (50 and 35 microns) were collected 

separately in 100 ml glass beakers by using a slow stream of 

water, then placing 10 ml of the suspension in a dish for the 

purpose of examination using a dissection microscope at 10× 

magnification, the spores were picked up with a Pasteur pipette 

and placed in a watch bottle. In the presence of a little water, 

the examination was repeated at 40× magnification, and the 

diagnosis was made based on the spore’s phenotypic 

characteristics, which included the color, the size, the  shape, 

and the diameter of the hyphae attached to the spore and the 

nature of the outer layer of the spore [24]. The diagnosis was 

made based on the morphological characteristics of the spore, 

based on the taxonomic key published in reference [25]. In 

order to obtain pure cultures of the mycorrhizal fungus, single 

spores of the isolate under study were captured and inoculated 

with three-day-old millet seedlings that had been previously 

grown under laboratory conditions in plastic dishes containing 

a filter paper, the seedlings were inoculated by picking up the 

spores with forceps or a pipette and transferring them to the 

roots of the seedlings  which were then planted in sterilized 

sandy soil previously sterilized at 121℃ and a pressure of 1.2 

kg/cm2 for an hour, The sterilization process was repeated for 

three consecutive days [26]. The plastic pots were placed in 

the greenhouse (Karbala University / College of Agriculture), 

and after two months, the roots were examined to confirm 

whether the infection had occurred. The development of these 

seedlings continued for three months until they were ready as 

an inoculum for use in subsequent field experiments . 

 

2.8 Increased mycorrhizal inoculation 

 

Plastic pots taking of five kg plastic pots capacity containing 

a mixture of previously sterilized soil and peat moss in a ratio 

of 1:2 were used They were added by 50 grams of the 

inoculum under the surface layer of the potting soil, Another 

50 grams of the inoculum was mixed with the top layer of the 

potting soil and the local millet seeds that had previously been 

planted, The outer surface was sterilized with sodium 

hypochlorate at a concentration of 1% of the commercial 

solution for three minutes, and 25 seeds were planted in one 

pot [27]. The seeds dwindled to 10 after a week of planting. 

Seeds with the root and shoots were removed six weeks after 

germination, and samples from the soil and roots were then 

examined. under a microscope to ensure that the roots are 

infected with mycorrhizae after staining them with a dye acid 

fuchsin method according to study [28] which was mentioned 

that after washing the roots well with running water, they were 

cut into small pieces of one cm length and placed in 20 ml 

glass vials, a 10% KOH solution was added to it, and then the 

roots were placed in a water bath at 70℃ for 15 minutes, then 

the solution was poured and the roots were washed with 

distilled water three times, and a 1% hydrogen peroxide 

solution (H2O2) was added to it, the roots were left for 10 

minutes at room temperature, after which the solution was 

poured off and the roots were washed well with distilled water, 

1% hydrochloric acid was added to it, and the roots were left 

in the solution for three minutes at room temperature. Then the 

acid was poured without washing the roots, and finally the 

roots were stained with Acid fuchsin dye, which was prepared 

in the laboratory according to research [29] as follows: 

63 ml glycerin, 875 ml lactic acid, and 63 ml distilled water. 

After adding the dye, the roots were placed in a water bath 

at 70℃ for 30 minutes. Then, the root pieces were transferred 

to a glass slide at a rate of 10 pieces per slide, and they were 

examined under a light microscope. 

The cultivation and soil sterilization processes were carried 

out in the same way as mentioned when testing Trichoderma 

fungi in the greenhouse. 

The experiment was carried out by making three replicates 

per individual treatment. Pots were distributed in the plastic 

house according to the Modern commercial design. It was 

completed as follows:  

1) Control treatment - without any fungus. 

2) Treatment with Mycorrhizal only. 
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3) Treatment with T. harzinum only. 

4) Treatment with F. oxysporum only. 

5) Treatment with F. oxysporum and Mycorrhizal.  

6) Treatment with F. oxysporum and Beltanol. 

7) Treatment with F. oxysporum and T. harzinum. 

8) Treatment with F. oxysporum, Beltanol, and 

Mycorrhizal. 

9) Treatment with F. oxysporum and Beltanol, and T. 

harzinum. 

10) Treatment with F. oxysporum and Mycorrhizal, and 

T. harzinum. 

11) Treatment with F. oxysporum and Beltanol, and T. 

harzinum, and Mycorrhizal. 

Beltanol: The active ingredient: 8-hydroxyquinoline 

sulphate 50% w/v (500 g/L), manufacturer: Probelte, specific 

concentration used in this study: 1 ml per liter of water. 

 

2.10 Statistical analysis 

 

A factorial randomized complete block design (R.C.B.D.) 

was used. The results were analyzed using SAS software, with 

four replications for each treatment. Mean differences were 

tested using the Least Significant Difference (LSD) test at a 

probability level of 0.05. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Isolation and characterization of Trichoderma spp. 

naturally associated with tomato and testing their disease-

suppressive potential 

 

A total of 23 Trichoderma spp. isolates were obtained and 

distributed over the survey regions. The most virulent 

(Trichoderma spp.) isolates were identified for subsequent 

testing. 

 

3.2 Screening of their disease-suppressive potential and 

elucidation of their antifungal compounds 

 

Three species of the genus (Figure 1) Trichoderma were 

obtained from the isolation process: T. harzianum, T. 

asperellum, and T. viride. T. harzianum was identified for use 

in field experiments because it is better than two fungi, T. 

asperellum and T. viride,  in inhibiting fungal growth of F. 

oxysporum; the inhibition rate was recorded at 84.73% (Table 

4). 

In the greenhouse, the germination rate and seedling death 

rate for the treatment (T23+F. oxysporum) were recorded as 

69.33% and 12.70%, respectively, according to Table 5. 

 
 

Figure 1. The antagonistic ability of (1) T. harzianum, (2) 

T. asperellum, (3) T. viride, and (4) F. oxysporum 
 

The contrasting ability of the fungus has been shown in 

Trichoderma spp. (Table 4) against F. oxysporum. The highest 

inhibition rate, 84.73%, was recorded for isolate number 23. 

The lowest inhibition rate was recorded for isolate number 1, 

which reached 27.3%. 

The results shown in Table 5 indicate that fungal isolates 

Trichoderma spp. play an important role in reducing seed rot 

and seedling death, but at varying rates, where the germination 

rate ranged between 28.66%-69.33%. While the comparison 

infected with the fungus recorded a germination rate of F. 

oxysporum 31.00%, with a significant difference. The seedling 

death rate ranged between 12.70%-30.33%.  

The germination and seedling death percentages for plants 

treated with F. oxysporum were recorded at 31.00% and 

92.33%, respectively. Compared to the control, which 

recorded a germination rate of 92.23% and a seedling death 

rate of 0.00. 

The biocontrol agent T. harzianum showed high 

antagonistic capacity against F. oxysporum under study under 

laboratory conditions, reaching 1.0 on the Bell scale, which is 

the highest compared to the T. asperellum  and T. viride. In 

addition to the comparison treatment, it is known that the 

bioresistant fungi Trichoderma spp. generally possess various 

mechanisms, including parasitism on pathogenic fungal 

hyphae, competition for the nutritional environment, and the 

production of some antibiotics that have an inhibitory effect 

on some of the pathogenic fungal enzymes, and their ability to 

produce a number of toxic chemical compounds such as 

gliotoxin, trichothecin, and viridin [30]. This is likely due to 

the production of vital antifungal enzymes that degrade the cell 

walls of pathogenic fungi, such as proteases, esterases, 

phosphatases, and others [31]. Or as a result of the secretion of 

inhibitory substances against the pathogenic fungus, thus 

reducing it [32], in addition to the clumping and adhesion of 

the spores of the bio-resistant fungus to the fungal hyphae of 

the pathogenic fungus, leading to its decomposition [33]. 
 

Table 4. Percentage of inhibition of isolates Trichoderma spp. against F. oxysporum 

 

Trichoderm Isolation 

Number 

Percentage of 

Inhibition 

Trichoderm Isolation 

Number 

Percentage of 

Inhibition 

Trichoderm Isolation 

Number 

Percentage of 

Inhibition 

1 27.3 9 79.62 17 56.20 

2 53.70 10 61.10 18 76.53 

3 51.85 11 77.77 19 51.84 

4 82.44 12 53.78 20 37.44 

5 48.34 13 57.40 21 68.69 

6 79.22 14 68.72 22 81.47 

7 29.3 15 62.95 23 84.73 

8 62.95 16 70.63   
LSD0.05 = 7.621 
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Table 5. Effect of Trichoderma spp. on germination rate and seedling death rate of tomato seeds and seedlings treated with F. 

oxysporum under greenhouse conditions 

 
S Treatment Germination Rate, % Seedling Death Rate, % 

1 Control 92.23 0.00 

2 F. oxysporum 31.00 92.33 

3 T1+F.oxysporum 39.23 30.33 

4 T2+F.oxysporum 48.66 23.33 

5 T3+F.oxysporum 43.66 24.66 

6 T4+F.oxysporum 61.33 28.65 

7 T5+F.oxysporum 55.33 26.66 

8 T6+F.oxysporum 56.66 24.33 

9 T7+F.oxysporum 37.66 31.33 

10 T8+F.oxysporum 44.66 23.80 

11 T9+F.oxysporum 56.33 28.66 

12 T10+F.oxysporum 44.66 25.55 

13 T11+F.oxysporum 44.66 21.57 

14 T12+F.oxysporum 43.00 25.13 

15 T13+F.oxysporum 40.45 22.33 

16 T14+F.oxysporum 51.66 28.66 

17 T15+F.oxysporum 44.66 23.80 

18 T16+F.oxysporum 49.66 23.00 

19 T17+F.oxysporum 43.33 22.66 

20 T18+F.oxysporum 54.33 28.66 

21 T19+F.oxysporum 43.66 27.66 

22 T20+F.oxysporum 28.66 23.66 

23 T21+F.oxysporum 51.66 25.66 

24 T22+F.oxysporum 63.33 27.66 

25 T23+F. oxysporum 69.33 12.70 

LSD0.05 6.615 16.43 

3.3 Morphology of Trichoderma harzianum 

 

The T. harzianum colony began as white, gradually turning 

dark green with a cottony texture. The spore secretion from the 

colony was largely liquid, covering the entire surface of the 

plates. The colony reached approximately 9 cm in diameter 

after three days of incubation at 25–27℃. 

 

 
(a)  

  
(b) (c) 

 

Figure 2. T. harzianum (a) colony on PDA, (b) mass of 

conidia under microscope (400x), (c) conidia 

 

Under microscopic examination, T. harzianum spores were 

smooth-walled, spherical to ovoid, often green and sometimes 

glassy, and clustered at the edges of the flasks. The sporophores 

branched into tufts, containing widely spaced, often irregularly 

curved flask-shaped spores (Figure 2). These results are 

consistent with those reported in the study [19]. 

The most inhibitory isolate was diagnosed molecularly using 

PCR. Nucleotide sequence analysis of the PCR product from 

the fungus isolated in this study demonstrated that, using 

BLAST, this isolate was identified as T. harzianum, as shown 

in Figure 3. 

 

 
 

Figure 3. Agarose gel electrophoresis of amplified PCR 

product (550 bp) 

 

The nearest-neighbor tree represents the genetic relationship 

between the fungi isolated in this study of the resistant fungus 

T. harzianum and other isolates of the same fungus previously 

recorded at the National Center for Biotechnology Information 

(NCBI), as shown in Figure 4. 
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Figure 4. Neighbor-joining tree of Trichoderma harzianum 

isolate 

 

3.4 Effect of using mycorrhizal fungus on the percentage of 

infection and disease severity 

 

Table 6 and Figures 5 and 6 show, respectively, that the 

infection rate and disease severity in tomato plants treated with 

the pathogen F. oxysporum reached 82.34% and 0.76%, 

respectively, and also show a significant difference. The data 

also highlights the important role of mycorrhizal fungi in 

reducing both the infection rate and severity, as they recorded 

35.97% and 0.36%, respectively. 

 

Table 6. Effect of biological control using mycorrhizal 

fungus on the percentage and severity of infection by F. 

oxysporum of tomato plants 

 

Treatments 
Disease Severity 

(%) 

Percentage of Infection 

% 

Control 0.0 0.0 

Fol 0.76 82.34 

M+ Fol 0.36 35.97 

 

 
 

Figure 5. The effect of infection with the fungus F. 

oxysporum in tomato plants on the percentage of infection in 

the greenhouse 

 

Here, the role of biological factors in stimulating systemic 

resistance becomes clear through the increase of enzymes 

(peroxidase, polyphenol oxidase, chitinase beta-glucan, and 

phenylenediamine), phenols, and the reduction of dead cells, all 

of which are reflected in the decrease in the incidence and 

severity of infection [34]. 

The isolate under study showed high efficiency in reducing 

the incidence and severity of infection. This can be attributed to 

the wide host range of the mycorrhizal fungus and its ability to 

colonize plant roots and thus improve plant growth by 

increasing the availability and absorption of nutrients (Figure 

7). 

 

 
 

Figure 6. The effect of infection with the fungus F. 

oxysporum in tomato plants on the severity of infection in the 

greenhouse 

 

 
 

Figure 7. Presence of mycorrhizae in the roots (vesicles, 

suckers) 

 

3.5 Evaluation of the efficiency of the chemical pesticide 

Beltanol, the T. harzianum and mycorrhizal against the 

pathogenic fungus F. oxysporum, and some growth 

parameters of tomato plants under greenhouse conditions 

 

The results in Table 7 showed that all treatments achieved a 

significant increase in the growth parameters of tomato plants, 

represented by fresh and dry weights and plant lengths, 

compared to the control treatment of the F. oxysporum alone. 

In the same table, the combination of F. oxysporum with 

Beltanol, T. harzianum, and mycorrhizal fungi (F+B+T+M) 

resulted in the highest values for the measured growth 
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parameters among all treatments, highlighting the effect of the 

tested control factors. The average fresh weight of plants and 

fruits, and the dry weight of plants were 43.86, 54.4, and 43.58 

g, respectively. The average plant height reached 63.58 cm, 

significantly higher than the F. oxysporum-only treatment, 

which had the lowest average fresh weight of plants and fruits, 

and dry weight was 14.51, 18.9, and 11.36 g, respectively, and 

the length of tomato plants (vegetative and root groups) reached 

32.45 cm. On the one hand, adding mycorrhizal to a 

contaminated F. oxysporum inoculum achieved a significant 

increase in the fresh weight of plants and fruits and the dry 

weight of plants, 33.01, 48.5, and 26.48 g, respectively. The 

length of the plants (vegetative and root groups) reached 59.88 

cm compared to the control treatment of the pathogenic fungus 

F. oxysporum alone. Regarding the treatment of adding the 

biological fungus T. harzianum to soil contaminated with the 

fungus F. oxysporum inoculum, it achieved a significant 

increase in all growth standards under study for tomato plants. 

The average fresh weight of plants and fruits, and dry weight of 

plants reached 38.57, 49.8, and 32.38 g, respectively. The 

length of the plants (vegetative and root groups) reached 61.70 

cm compared to the control treatment of the pathogenic fungus 

F. oxysporum alone.  The treatment with Beltanol added to soil 

contaminated with F. oxysporum inoculum achieved a 

significant increase in the fresh weight of plants and fruits, and 

the dry weight of plants was 39.19, 49.5, and 31.50 g, 

respectively. The length of the plants (vegetative and root 

groups) reached 61.11 compared to the control treatment of the 

pathogenic fungus F. oxysporum alone. 

As for the treatments of adding the biological fungus 

harzianum and mycorrhizal, and the control treatment to which 

only sterilized millet seeds were added in the field soil not 

contaminated with the fungus F. oxysporum inoculum, each one 

separately, they all achieved a clear increase in the growth 

parameters under study for tomato plants, namely the fresh 

weight of fruits and plants, the dry weight of plants, and the 

length of plants (vegetative and root groups). The double and 

triple interaction between treatments was significantly superior 

to the control treatment contaminated only with the pathogenic 

fungus F. oxysporum inoculum for the traits under study. 

 

Table 7. Evaluation of the efficiency of the chemical pesticide Beltanol, and the T. harzianum and mycorrhizal against the 

pathogenic fungus F. oxysporum, and some growth parameters of tomato plants under greenhouse conditions 

 

Treatment 
Average Fresh Plant 

Weight, g/plant 

Average Fresh Fruit 

Weight, g/plant 

Average Dry Weight of 

Plants, g/plant 

Average Plant Height, 

cm 

Control 38.61 50.3 30.45 58.39 

M 40.37 51.9 31.49 59.88 

T 41.44 53.4 32.20 61.09 

F 14.51 18.9 11.36 32.45 

F+M 33.01 48.5 26.48 56.99 

F+B 39.19 49.5 31.50 61.11 

F+T 38.57 49.8 32.38 61.70 

F+B+M 39.03 48.8 32.86 61.88 

F+B+T 42.35 50.2 39.87 60.64 

F+M+T 39.51 50.7 30.28 56.99 

F+B+T+M 43.86 54.4 43.58 63.58 

LSD0.05 7.324 12.50 6.777 8.731 

 

Beltanol is a chemical insecticide that has the ability to form 

chelating compounds with copper inside the host tissues, 

facilitating its passage into the pathogen's cells, and then being 

released to kill it [35]. The importance of chemical control in 

reducing plant pathogens can also be demonstrated [11], which 

is one of the most widely used methods to limit the development 

of diseases. Beltanol at concentrations of 0, 0.5, and 1 mg/L has 

shown an effective role in inhibiting Alternaria alternata, with 

superiority of 1000 and 1.0 mg/L concentration, which recorded 

a 100% rate of tested fungi. Showed that treatment with 

Beltanol at a concentration of 1 ml/L achieved the highest 

reduction in the severity of infection by pathogenic fungi [12]. 

These include the fungi Rhizoctonia solani and Fusarium solani. 

The study showed that the use of Beltanol significantly reduced 

the severity of infection by Fusarium graminearum [36], which 

causes root rot and stem canker in beans under woody 

vegetation conditions. The study also confirmed the effective 

role of Beltanol in reducing the severity of Fusarium wilt 

caused by Fusarium oxysporum in sumac [37]. 

Trichoderma is an important and highly beneficial fungus in 

controlling pathogenic fungi. Its advantages include remote 

sensing, identifying host fungi, speed in attacking plant 

pathogens, and suppressing their growth. The fungus has 

enzymes, including chitinase, proteases, and β-1,3-glucanase, 

which work to decompose the hyphal walls of pathogenic fungi, 

in addition to their important role in improving plant growth 

[38]. 

It has been demonstrated that Trichoderma spp. can induce 

resistance in tomato plants to the pathogen F. oxysporum, 

which works to increase the thickness of root cells, close the 

intercellular spaces, and prevent the development of the disease 

by not allowing the fungal hyphae to penetrate the adjacent 

healthy (uninfected) root cells. 

It has also been indicated that arbuscular mycorrhizae play a 

fundamental role in stimulating the roots of tomato plants to 

produce metabolites in appropriate quantities and 

concentrations, giving the roots resistance to these compounds 

[39], including hydrogen peroxide, and increasing phenol and 

malondialdehyde (MDA) levels. The activity of enzymes that 

play a key role in lignification, such as POD, PPO, and PAL, 

also increases. 

It has been demonstrated that mycorrhizal plants gain 

protection against pathogens compared to non-mycorrhizal 

plants [40]. Researchers reported an increase in the content of 

non-enzymatic antioxidants in tomato plants when they were 

treated with mycorrhiza and the pathogenic fungus F. 

oxysporum [41]. 

In a study conducted by Manila and Nelson [42], on tomatoes, 

an increase in mycorrhizal colonies, an increase in tomato 

biomass, and a decrease in the percentage of disease incidence 

and severity caused by the fungus F. oxysporum f. sp. 

lycopersici were observed. Kareem and Hassan [43] reported 

that the use of the fungus mycorrhizal and the pathogenic F. 

oxysporum led to a significant increase in phenolic content and 
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an increase in the activity of the enzymes POD and PPO in the 

root. Arbuscular mycorrhizal fungi can be used in biological 

control against pathogenic fungi in greenhouses and the field, 

as they have shown a significant reduction in the disease index 

and disease severity [44]. 

The results showed that the three mycorrhizal fungi reduced 

the severity of the disease and the length of the brown area 

affected by the disease, and led to a significant increase in plant 

height and the fresh and dry weights of the vegetative and root 

systems. They also outperformed the disease-infected plants in 

fruit number and weight [45]. Regarding the presence of T. 

harzianum with mycorrhizal fungi, which stimulated increased 

root colonization by mycorrhizal fungi, the results are 

consistent with what was reported in the study [46], which 

showed that the infection rate of eggplant roots with the 

mycorrhizal fungus Glomus spp. increased when it interacted 

with T. harzianum. These results are consistent with studies [47, 

48] and also with what was reported in the study [49]. This 

efficacy is further supported by the accurate identification of 

the F. oxysporum isolate, which was confirmed according to the 

morphological and taxonomic criteria described in The 

Fusarium Laboratory Manual [50]. So we recommend 

prioritizing bio-resistance to benefit society and the agricultural 

sector in the future.  

 

 

4. CONCLUSIONS 

 

The study results demonstrated the high efficacy of T. 

harzianum in controlling Fusarium oxysporum. The growth 

inhibition rate of the pathogenic fungus in laboratory conditions 

reached 84.73%, confirming its ability to reduce the spread of 

the disease. The use of mycorrhizal fungi reduced the 

percentage and severity of infection by pathogenic fungi to 

35.97% and 0.36%, indicating their role in enhancing plant 

resistance. Treatment with the fungicide Beltanol showed a 

significant improvement in the growth characteristics of 

infected tomato plants, with an increase in the average fresh and 

dry weight of plants and fruit weight, as well as plant height 

(shoot and root), compared to the control group, which showed 

the lowest rates.  The treatment F. oxysporum + Beltanol + T. 

harzianum + Mycorrhizal was the best of all. It recorded the 

highest rates of fresh weight, dry weight, and plant height, 

indicating a synergistic effect between the different treatments 

in enhancing the growth and disease resistance of infected 

plants. Confirmation of F. oxysporum as the causative agent of 

the disease using polymerase chain reaction (PCR) technology, 

which adds reliability to the study results. 
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