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			Abstract | The widespread distribution of Trichoderma species prevents the spread of diseases through plants. The most important ways in which Trichoderma acts as a fungus resistant to fungal pathogens are through competition for nutrients, direct parasitism of pathogenic fungi, and the production of antibiotics, Moreover, Trichoderma fungi can act indirectly to control pathogens through the Induced Systemic Resistance (ISR) in plant cells, which in turn leads to promote plant defense and disease control. Riboflavin is an ISR-inducing agent in plants, which is effective against many pathogens. Therefore, this study evaluated the effect of the bio-fungus T. atroviride and riboflavin and their combination in inhibiting A. alternata, which causes leaf spot disease on date palms tree. The results of the study recorded an increase in the growth of the bio-fungus T. atroviride in the culture media containing riboflavin at a concentration of 15 mM, where the highest growth rate of the bio-fungus reached 8.88 cm compared to the control treatment, which recorded 6.65 cm. As for the pathogenic A. alternata, the lowest growth of the pathogenic fungus was recorded at a concentration of 15 mM of riboflavin, as the growth rate of the fungus reached 3.11 cm. The best antagonism of the T. atroviride against the pathogenic A. alternata was at a concentration of 15 mM of riboflavin, as the inhibition rate reached 56.06. As for the effect of spraying treatment with the filtrate of the T. atroviride and riboflavin, it was the best treatment in reducing the development of artificial infection, as it reached 1.16 cm. Based on these results, the combination of T. atroviride and riboflavin could be an effective alternative to synthetic fungicides, providing successful and more sustainable management of date palm leaf spot diseases, including the pathogenic A. alternata.
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			Introduction

			Iraq is the original homeland of the date palm and is considered the oldest place where date palms were found. Date palms were mentioned in the Sumerian era on Sumerian tablets that indicated the sanctity of the palm tree. Date palms are one of the most important natural resources in Iraq, along with other resources such as crude oil, minerals and other resources. Farmers in Iraq have mastered palm cultivation methods and have used date palms as shade to protect fruit trees, vegetables and other plants from the sun and wind. Date palm cultivation in Iraq is confined to the area extending between 35 degrees north latitude and 30 degrees south latitude up to the city of Al-Faw, and its cultivation is widespread in 13 governorates (Ghanim, 1993; Ibrahim, (2019).

			Date palms are susceptible to infection by many fungi, causing poor growth and reduced production (Djerbi, 1983). Growth rate is reduced, flowering is reduced, and production is reduced due to the presence of pathogenic fungi on the leaves of mature palm trees or offshoots. This decrease is a result of the effect of fungal infection on the green area of the fronds and photosynthesis (Djerbi, 1983; Akaidy, 1994). Some species of Alternaria spp. cause date palm leaf spot disease in Saudi Arabia (Al-Rokibah, 1991). A. radicina was first recorded in Iraq as a cause of date palm leaf spot disease (Ahmed, 2011).

			One objective of contemporary agriculture is to produce healthy food through the use of safe and environmentally friendly biological agents, and to reduce the use of chemicals in the field to minimize a potential environmental damage. Therefore, biological agents are a good alternative to chemicals for pest control or growth enhancement of treated plants. Among the fungi used as biological agents are Trichoderma spp., which are widely used as biofungicides for field application against pathogens such as Pythium spp., Botrytis cinerea, Fusarium spp., Rhizoctonia solani, (Kubicek and Harman, 1998; Mohiddin et al., 2010).

			The genus Trichoderma is a widespread soil fungus that grows in the rhizosphere and colonizes plant roots. The fungus utilizes nutrients secreted from the plant roots and acts as a protective factor for the plant against biotic and abiotic stresses (Harman, 2006; Woo and Lorito, 2006). The relationship between Trichoderma and plants is mediated by signaling from plant cell walls and microorganisms, which involves the secretion of low-molecular-weight compounds, proteins, and peptides from the fungus, leading to its recognition by the plant. This communication activates plant defense responses that enhance disease resistance. Trichoderma species are widely used as plant growth promoters and biological control agents (Benítez et al., 2004; Hermosa et al., 2013; Herrera et al., 2019).

			Trichoderma fungi share a great deal of interaction with soil microorganisms and the root zone, with the ability to perform biological control through various means, such as competition for nutrients or space with root zone microorganisms, antagonism, mycoparasitism, and induction of plant defenses. The genus Trichoderma is among the most important groups for biological control (Druzhinina et al., 2011; Waghunde et al., 2016; Bora et al., 2020) .The genus Trichoderma is one of the most studied fungi and is widely used in biological control systems for many plant diseases (Degenkolb et al., 2015; Vinale and Sivasithamparam, 2020). The success of the control process depends on the effectiveness of the biological control agent, which must be specific to the local environment. Trichoderma strains can be isolated from plant residues or soil. It is preferable to isolate and select Trichoderma strains from the site where they grow, as they develop naturally with respect to temperature, moisture, soil microbial composition, and nutrient accessibility (Howell, 2003). Some Trichoderma species can have beneficial effects on plant growth (Harman et al., 2004; Qi and Zhao, 2013; Waghunde et al., 2016).

			Some Trichoderma species have been shown to suppress soil-borne diseases such as Phytophthora spp., which cause diseases in greenhouse plants. Among other species, T. koningii and T. harzianum reduced the mortality rate of apple seedlings caused by P. cactorum when used in greenhouse experiments (Howell, 2003).

			The widespread presence of Trichoderma species prevents the spread of diseases through plants in greenhouses (Sharifi Tehrani and Nazari, 2004). Rubber trees can be controlled from leaf drop caused by P. palmivora using T. harzianum, which was isolated from tree soil (Promwee et al., 2017). The main ways in which Trichoderma acts as a biocontrol fungus against fungal pathogens include direct parasitism of pathogenic fungi, competition for nutrients, and antibiotic production. Furthermore, Trichoderma can act indirectly to control pathogens through the induced systemic response (ISR) in plant cells, which in turn leads to enhanced plant defense and disease control (Zin and Badaluddin, 2020; Guzman et al., 2023).

			Riboflavin is a water-soluble, yellow-orange crystalline powder. It is biosynthesized in plants, bacteria, and fungi. It is essential for the formation of key coenzymes, flavin mononucleotides and flavin dinucleotides, which are coenzymes involved in energy metabolism, cellular respiration, antibody production, and growth and development. Riboflavin is a vitamin used to stimulate systemic induced resistance by enhancing plant resistance to pathogens after treatment with biotic or abiotic factors. These factors improve the basic level of resistance of the plant by directly or indirectly activating defense responses for a more effective defense response after infection with pathogens (Kuc, 2001; Goellner and Conrath, 2008). 

			The use of fungicides to combat plant diseases, including leaf spot diseases, has great economic importance, but it has negative effects on the environment, humans, and animals. Therefore, many researchers have resorted to using alternatives using biological agents to reduce the risks of pollution resulting from the use of chemical pesticides (Turkkfan, 2013; Zouari et al., 2016).

			Bio-based agents are a safe alternative to a risk-free environment and are a better choice than chemical pesticides. These agents can increase plant growth and productivity or work on other mechanisms, Including stimulating systemic resistance in plants and reducing plant diseases(Garcia-Fraile et al., 2015; Vejan et al., 2016).

			Plant defenses can be stimulated when exposed to biotrophic or non-biotrophic pathogens, such as the production of phytoalexins, and they can also produce suberin and lectin. The biotrophic fungi Trichoderma spp. have the ability to induce systemic resistance in plants by increasing the activity of the peroxidase enzyme in plants treated with the biotrophic fungi (Agrios, 2005; Al-Hussaini, 2020). Vitamins act as inducers of induced systemic resistance (ISR) in plants and are effective against many pathogens (Walters, 2007; Azami-Sardooei et al., 2010). Spraying riboflavin on the leaves of rosemary (Arabidopsis) and tobacco plants leads to plant resistance against many fungal, bacterial and viruses pathogens (Kang, 2008; Liu et al., 2010).

			Due to the lack of studies on the effect of the Trichoderma sp. and riboflavin on inhibiting A. alternata, the cause of date palm leaf spot, this study aimed to evaluate the effect of the Trichoderma sp. and riboflavin alone and their interaction in reducing A. alternata infection on date palm leaves.

			Materials and Methods

			Purification of the biofungus T. atroviride and the pathogenic A. alternata

			The isolates of the biofungus T. atroviride and the pathogenic A. alternata were taken from the Palm Diseases Laboratory of the Palm Research Center, University of Basra, Iraq, and were isolated in a previous study, (T. atroviride from Handhel (2014) [accession number (IMI501472)] and A. alternata from Jassim and Ahmed (2024) [accession number (PP194367.1)]. The biofungus T. atroviride and the pathogenic A. alternata were purified and grown on PDA media for subsequent tests.

			Pathogenicity test of A. alternata on leaves of different date palm cultivars

			Several date palm leaves (palm fronds) were collected from three cultivars (Sayer, Halawi, Barhi, and Barim). The fronds were removed from the date palm leaves of the mentioned cultivars by taking 3 date palm leaves (palm fronds) of each cultivar, of equal size. The fronds were washed with tap water to remove dirt and dust. They were then superficially sterilized with 70% ethyl alcohol, then washed with sterile distilled water several times to remove traces of sterilization with alcohol. Using a sterile blade, the surface layer of the fronds was scratched at a distance of 1 cm for each cultivar separately and at a height of 11 cm from the bottom of the frond’s connection to the frond for the studied cultivar. Then, the surface layer of the palm fronds (scratched) was inoculated using a sterile ear cleaning tool. A swab was taken from the surface of a plate of a newly grown colony of A. alternata, which was then passed over the area designated for inoculation with the fungus. The palm fronds were then placed in suitable sized test tubes containing 20 ml of sterile distilled water. The tube nozzles were closed with sterile cotton and aluminum foil. The tubes were incubated in an incubator at a temperature of 25 ± 2°C for one month. The fungal growth and development of the inoculated area were monitored and symptoms were recorded. The expansion of the inoculated area by more than 1 cm was considered evidence of fungal growth and infection. The experiment was carried out by taking 3 replicates for each cultivar. As for the control treatment, a swab of the PDA culture media was placed only on the designated area of the palm fronds, for 3 replicates for each cultivar (Ahmed, 2011).

			Testing the antagonistic ability of the biofungus T. atroviride against the pathogenic A. alternata at different temperatures

			The double culture method was adopted on PDA media in Petri dishes with a diameter of 9 cm. Glass flasks were used for the culture media. The dish was divided into two equal parts. The center of the first half of the dish was inoculated with a 0.5 cm diameter disc of the pathogenic A. alternata isolate grown on PDA at a age of 7 days using a sterile cork piercer. The center of the second half of the dish was inoculated with a similar disc of the T. atroviride, each individually at a age of 7 days, from dishes that were incubated at 20, 25 and 30°C, with three replicates for each temperature, with a control treatment applied. This was done by inoculating the center of the first half of the dish with a 0.5 cm diameter disc of the pathogenic A. alternata isolate only and the regenerative T. atroviride only, each individually grown on PDA. The antagonism between the biofungus and the pathogenic was measured after 7 days of double culture. The percentage of inhibition was calculated according to the Abbot equation mentioned in Shaaban and Al-Mallah (1993).

			Inhibition percentage = (Radial growth rate in control – Radial growth rate in treatment / Radial growth rate in control) × 100

			Testing the effect of different concentrations of riboflavin on the growth of A. alternata and T. atroviride

			PDA media was prepared and distributed in 250 ml glass flasks. Before the media solidified, riboflavin was added at three concentrations (10, 15, and 20) mM to the culture media. The media was shaken after addition to homogenize the riboflavin with the media. The media were poured into Petri dishes with three replicates of each concentration for each treatment, along with a control treatment of culture media free of riboflavin for both fungi. After the media solidified, the center of each dish was inoculated with a 0.5 cm diameter disc from the edge of the colony of the biofungus T. atroviride and the pathogenic A. alternata, 7 days old. Then the dishes were incubated at 25 ± 2 °C. The fungal growth was measured by taking the average of two perpendicular diameters passing through the center of the dish after 2 days of incubation. The experiment was carried out with three replicates for each concentration.

			Testing the effect of fungal biofiltrate on the pathogenicity of A. alternata

			Potato Dextros Broth (PDB) liquid culture media was prepared, consisting of 200 g potato extract and 10 g ml Sucrose/L distilled water. 250 ml glass flasks were used, each containing 100 ml of the media. They were sterilized by steam sterilization at 121 °C and 1.5 kg/cm2 pressure for 20 minutes. The flasks were cooled and each flask was inoculated with 5 discs of 0.5 cm diameter from the edge of a one-week-old biofilm colony growing on PDA media. The flasks were incubated at 25 ± 2 °C for 14 days, shaking every 3 days. The filtrate was then sterilized through a Whatman-No. ١ microfilter. The fungal culture was then filtered using Millipore 0.22 μm filter paper using a vacuum device. The filtrates were then placed in sterile flasks at a ratio of 10, 20 and 30%, taking into account adjusting the agar ratios before sterilization. The filtrate of each fungus was added to the PDA media. The media containing the filtrates were poured into Petri dishes. After the media solidified, the center of each dish was inoculated with a 0.5 cm diameter disc from the edge of a one-week-old A. alternata pathogen colony, while the control treatment was inoculated with a 0.5 cm diameter disc from a pathogen colony in PDA media free of filtrates. The dishes were incubated at a temperature of 25 ± 2°C. Fungal growth was measured by taking the average of two perpendicular diameters passing through the center of the dish after the pathogen reached the edge of the dish in the control treatment. The experiment was carried out with three replicates for each concentration, and the percentage of inhibition was calculated according to the Abbot equation mentioned in Shaaban and Al-Mallah (1993) According to the previous equation.

			Testing the antagonistic ability of the biofungus T. atroviride against the pathogenic A. alternata with different concentrations of riboflavin

			The double culture method was adopted on PDA media in Petri dishes with a diameter of 9 cm. Glass flasks were used for the culture media with 3 concentrations of riboflavin (10, 20 and 30) mM. The dish was divided into two equal parts. The center of the first half of the dish was inoculated with a 0.5 cm diameter disk of the pathogenic A. alternata isolate grown on PDA media at a age of 7 days using a sterile cork piercer. The center of the second half of the dish was inoculated with a similar disk of the T. atroviride, each separately at a age of 7 days. The dishes were incubated at a temperature of 25 °C with three replicates, with the application of a control treatment by inoculating the center of the first half of the dish with a 0.5 cm diameter disk of the pathogenic A. alternata isolate only and the regenerative T. atroviride only, each separately grown on PDA media devoid of riboflavin. The antagonism between the biofungus and the pathogenic fungus was measured after 7 days of double culture. The percentage of inhibition was calculated according to the Abbot equation mentioned in Shaaban and Al-Mallah (1993) According to the previous equation.

			Table 1: Effect of the A. alternata on the infection of leaves of different Cultivars of date palm

			
				
					
					
				
				
					
							
							Cultivars

						
							
							Rate of development of infection with the A. alternata (cm)

						
					

					
							
							Al-Sayer

						
							
							*٣.83

						
					

					
							
							Al-Halawi

						
							
							3.40

						
					

					
							
							Al-Barhi

						
							
							2.١6

						
					

					
							
							Al-Bream 

						
							
							1.83

						
					

					
							
							L.S.D (0.01)

						
							
							0.18

						
					

				
			

			*Each number represents 3 repetitions

			Testing the effect of biofilter and riboflavin spray on the pathogenicity of A. alternata

			After testing the effect of the fungal filtrate on the pathogenicity of A. alternata in the previous paragraph, the best concentration of the fungal filtrate was chosen along with the best concentration of riboflavin on the pathogenicity of A. alternata in the paragraph of testing the antagonistic ability of the fungal filtrate T. atroviride against the pathogenic A. alternata with different concentrations of riboflavin. This test was carried out according to the paragraph of testing the pathogenicity of A. alternata on the leaves of different date palm cultivars, where only the leaves of the Sayer cultivar were used, and the artificial infection was carried out 3 days after the following treatments.

			
					Spraying with a 30% T. atroviride fungal filtrate only.

					Spraying with a 20% riboflavin only.

					Spraying with a 30% T. atroviride fungal filtrate and a 20% riboflavin.

					Spraying with distilled water only (control treatment).

					Readings were taken one month after the artificial infection, with three replicates for each treatment.

			

			Analysis of statistics

			Laboratory experiments were conducted according to a completely randomized design (C.R.D.). Means were compared using the least significant difference (L.S.D) method at a significance level of 0.01 (Al-Rawi and Khalaf Allah, 1980).

			Results and Discussion

			Pathogenicity of A. alternata on the leaves of different date palm cultivars

			It is noted from Table 1 that the rate of artificial infection varies according to the cultivars, as the Sayer cultivar recorded the highest rate of artificial infection development, reaching 3.83 cm, followed by the Halawi cultivar with a rate of 3.40 cm, and the lowest infection rate was on the Barhi and Barim cultivars, as their infection rate reached 2.16 and 1.83 cm, respectively. The difference in the artificial infection rate of the studied cultivars may be attributed to the difference in the components of the date palm leaves of the studied cultivars. Ghali (2001) explained that the difference in the presence of cellulose and carbohydrates in the Zahdi and Halawi cultivars makes them the most responsive to infection by the Chalaropsis paradoxa compared to the Barhi cultivar, which contained a high percentage of protein and calcium in its leaves, and thus recorded the least responsive cultivar to infection by the fungus. In another study, the Zahdi cultivar recorded the highest rate of infection development by the A. radicina, reaching 3.4 cm, followed by the Sayer cultivar with a rate of 3.1 cm, and the lowest infection rate was recorded in the Barhi and Al-Brim cultivars, with the infection rate reaching 1.9 and 2.0 cm, respectively (Ahmed, 2011). The ability of the Alternaria alternata to cause infection on the leaves of the date palm Khadrawi cultivar (Ahmed et al., 2022).

			Antagonistic ability of the biofungus T. atroviride against the pathogenic A. alternata at different temperatures

			Table 2 showed that the temperature of 30°C was the best in inhibiting the pathogenic A. alternata, as the inhibition rate reached 81.81%, followed by a temperature of 35°C, which reached 61.70%, and the lowest inhibition rate was at a temperature of 15°C, which reached 25.00%. The effect of the biofungus at 30 and 35°C on the pathogenic A. alternata compared to the biofungus T. atroviride may be attributed to the effect of the rise in temperature on the pathogenic more than the biofungus. Pryor et al (1994) stated that treating carrot seeds infected with spores of the fungus A. radicina with hot water at a temperature of 50°C for 20 minutes caused the fungus to be killed, while the biofungus Trichoderma sp. It is affected by high temperatures. Some studies have indicated that different types of bio-fungi have the ability to withstand high temperatures of up to more than 40°C compared to pathogenic fungi, which are considered to be inhibited by such temperatures (Hoitink et al., 1997). The best temperature for the growth of the T. viride was at 30 °C, as the radial growth rate of the fungus reached 9.0 cm, and that the highest rate of inhibition of the pathogenic A. alternata was at pH 8 and a temperature of 30 °C, as the rate of inhibition reached 7.600% (Kadhim et al., 2025). 

			Table 2: The effect of the T. atroviride on the radial growth rate of the A. alternata at different temperatures.

			
				
					
					
					
					
				
				
					
							
							Treatment temperature (°C)

						
							
							Radial growth rate of the A. alternata (cm) 

						
							
							٪ Inhibition

						
					

					
							
							A. alternata + T. atroviride

						
							
							A. alternata

						
					

					
							
							15

						
							
							2.7*

						
							
							3.6

						
							
							25.00

						
					

					
							
							٢٠

						
							
							3.1

						
							
							4.3

						
							
							27.90

						
					

					
							
							٢٥

						
							
							3.5

						
							
							6.7

						
							
							47.76

						
					

					
							
							٣٠

						
							
							1.2

						
							
							6.6

						
							
							81.81

						
					

					
							
							٣٥

						
							
							1.8

						
							
							4.7

						
							
							61.70

						
					

					
							
							 L.S.D (0.01)

						
							
							Biotic fungus= 0.31

						
							
							Temperature =0.50 

						
							
							Overlap= 0.70 

						
					

				
			

			*Each number represents 3 repetitions

			Table 3: Effect of different concentrations of Riboflavin on A. alternata and T. atroviride

			
				
					
					
					
					
					
					
				
				
					
							
							Fungi

						
							
							Radial growth rate of the two fungi (cm)

						
							
							Fungi rate 

						
					

					
							
							Riboflavin concentration (mM)

						
					

					
							
							0

						
							
							10

						
							
							15

						
							
							٢٠

						
					

					
							
							A. alternata

						
							
							3.75

						
							
							3.70

						
							
							3.11

						
							
							٣.٤٣

						
							
							3.49

						
					

					
							
							T. atroviride

						
							
							6.65

						
							
							8.23

						
							
							8.88

						
							
							8.77

						
							
							٨.١٣

						
					

					
							
							Concentration rate 

						
							
							5.20

						
							
							5.96

						
							
							5.99

						
							
							٦.١٠

						
							
					

					
							
							L.S.D (0.01)

						
							
							Fungi= 0.012

						
							
							
							Concentration=0.017

						
							
							Overlap=0.024

						
							
					

				
			

			*Each number represents 3 repetitions

			Effect of different concentrations of riboflavin on A. alternata and T. atroviride 

			The results of Table 3 showed that the concentrations of riboflavin used in the PDA culture medium at concentrations of (10, 15 and 20) mM recorded an increase in the growth of the biofungus T. atroviride in the culture media compared to the control treatment, where the highest growth rate of the fungus reached 8.88 cm at a concentration of 15 mM, and the growth rate reached 8.23 and 8.77 cm at a concentration of 10 and 20 mM, respectively, compared to the control treatment, which recorded 6.65 cm. As for the pathogenic A. alternata, the lowest growth of the pathogenic fungus was recorded in the culture media at a concentration of 15 mM, as the growth rate of the fungus reached 3.11 cm compared to the control treatment, which recorded 3.75 cm, and the growth rate of the fungus reached 3.70 and 3.43 cm at a concentration of 10 and 20 mM, respectively.

			It has been reported in several studies that riboflavin can have an indirect effect in inhibiting the growth of microorganisms, as riboflavin acts as an inducer of systemic resistance and may promote the expression of genes for Pathogenesis-Related Protein when Arabidopsis thaliana is treated with riboflavin. It also stimulates systemic resistance in tobacco plants against TMV and A. alternata, and is considered a catalyst in the signal transduction process in plants (Hammerschmit and Kuc, 1995; Ryals et al., 1996; Sticher et al., 1997; Mahmoud et al., 2020).

			Riboflavin plays an important role in metabolic processes and has some properties that have the potential to inhibit plant fungi. It may act as a photosensitizer, producing reactive oxygen species (ROS), which have antioxidant and photoinducible effects. By producing ROS, it can damage fungal cell components (cell walls, membranes, DNA). Riboflavin participates in a variety of redox processes that affect plant defense responses. Riboflavin stimulates resistance to pathogens in the absence of hypersensitive cell death (HCD) in plants (Zhang et al., 2009; Lei et al., 2023).

			The effect of the fungal filtrate T. atroviride on the pathogenicity of A. alternata

			Figure 1 indicates significant differences in the ability of T. atroviride fungal filtrate to inhibit the pathogenic fungus. The highest inhibition rate for the pathogenic A. alternata was 60.32% when using T. atroviride fungal filtrate at a concentration of 30%, while the lowest inhibition rate was 37.59% when using T. atroviride fungal filtrate at a concentration of 10%. It was also shown that the inhibition rate increased with increasing concentration of the fungal filtrate used. Many studies have demonstrated the effectiveness of fungal filtrate of species of the genus Trichoderma in inhibiting a variety of plant diseases, including A. alternata. This may be due to the presence of many inhibitory compounds in the filtrate of these fungi, which prevent the growth of pathogenic fungi (Shafique et al., 2019).

			[image: ]

			Figure 1: The effect of the filtrate of the biofungus T. atroviride on the pathogenicity of the A. alternata.

			Table 4: The antagonistic ability of the biotrophic T. atroviride against the pathogenic A. alternata at different concentrations of riboflavin

			
				
					
					
					
					
				
				
					
							
							Treatment riboflavin concentration (mM)

						
							
							Radial growth rate of the two fungi (cm)

						
							
							٪ Inhibition

						
					

					
							
							A. alternata +T. atroviride

						
							
							A. alternata

						
					

					
							
							10

						
							
							3.5

						
							
							6.5

						
							
							٤٦.١٥

						
					

					
							
							15

						
							
							2.9

						
							
							6.6

						
							
							٥٦.٠٦

						
					

					
							
							20

						
							
							3.3

						
							
							6.6

						
							
							٥٠.٠٠

						
					

					
							
							L.S.D(0.01)

						
							
							Biotic fungus=0.09

						
							
							Riboflavin concentration=0.07

						
							
							Overlap= 0.13

						
					

				
			

			*Each number represents 3 repetitions

			Trichoderma spp. have the ability to inhibit the growth of plant pathogenic fungi due to their production of volatile and non-volatile compounds such as toxins and various antibiotics such as Gliotoxin, Trichodermin, and Trichodrmol (Shalini and Kotasthane, 2007). Another study was conducted to detect chemical compounds in the filtrates of the two fungi, T. viride and T. koningii, used in the experiment. By injecting the filtrates of these fungi with a GC-MS device, it was found that they contain many chemical compounds that play a major role in inhibiting the growth of pathogens (Ibrahim and Al-Jubouri, 1998; Rajkonda and Bhale, 2018).

			Antagonistic ability of the biofungus T. atroviride against the pathogenic A. alternata at different concentrations of riboflavin

			Table 4 showed that the best concentration for inhibiting the pathogenic A. alternata was at a concentration of 15 mM, as the inhibition rate reached 56.06%, and the lowest inhibition rate was at a concentration of 10 and 20 mM, as it reached 46.15 and 50.00%, respectively. The effect of the bio-fungus at a concentration of 15 mM of riboflavin may be attributed to the effect of a concentration of 15 mM in increasing the growth of the bio-fungus T. atroviride compared to the pathogenic fungus A. alternata, and according to what was mentioned in the previous paragraph about the effect of different concentrations of riboflavin on the A. alternata and the T. atroviride, which had the same effect on reducing the growth of the pathogenic fungus and increasing the growth of the bio-fungus. Therefore, this concentration can be considered the best for increasing the efficiency of the T. atroviride in inhibiting the growth of the pathogenic A. alternata.

			The reason may be due to the ability of riboflavin with biotrophic fungi to stimulate some enzymes, including peroxidase, and increase its activity, in addition to the enzymes secreted by biotrophic fungi, as peroxidase works to oxidize hydrogen-donating substances in the presence of water to highly toxic compounds (phytoalexins) that are present in the plant before infection, but they increase in the plant cell wall after infection and are toxic to plant pathogens, thus stimulating genes related with plant defenses that hinder the development of the disease, as there is a link between increased activity of the peroxidase enzyme and the induction of systemic resistance in the plant due to induced factors, including riboflavin and Trichoderma fungi (Lavania et al., 2006; Jeandet, 2015; Ahmed, 2016). Trichoderma sp. affects pathogenic fungi through various mechanisms such as parasitism, competition for food and space, production of antagonistic substances, or inhibition of pathogenic fungal enzymes (Harman, 2000). Biotrophic fungi also have the ability to attack pathogens by wrapping their mycelium around the mycelium of the pathogen, then penetrating the mycelium wall and consuming its nutritional contents (Howell, 2002). The ability of biotrophic fungi Trichoderma spp. to reduce the fungal growth of several plant pathogenic fungi in the laboratory, including F. oxysporum, S. sclerotiorum, and R. solani. These effects are attributed to the ability of Trichoderma spp. On the production of antibiotics including Gliotoxin, Trichodermin, and Trichodrmol (Kuguk et al., 2000; Al-Hussaini, 2020; Hariharan et al., 2022).

			Table 5: Effect of the fungal filtrate T.atroviride and spraying with riboflavin on the pathogenicity of the A. alternata

			
				
					
					
				
				
					
							
							Treatments

						
							
							Rate of development of artificial infection with A. alternata (cm)

						
					

					
							
							 %30 T.atroviride

						
							
							*٢.٥3

						
					

					
							
							Riboflavin 20 mM

						
							
							2.40

						
					

					
							
							+ %30 T.atroviride Riboflavin 20 mM

						
							
							1.16

						
					

					
							
							Distilled water (control)

						
							
							3.83

						
					

					
							
							L.S.D (0.01)

						
							
							0.157

						
					

				
			

			*Each number represents 3 repetitions

			Table 5 indicates the difference in the rate of artificial infection according to the treatments, where the highest rate of artificial infection development was recorded in the control treatment, reaching 3.83 cm, followed by the treatment of spraying with riboflavin only, which recorded 3.40 cm, and 2.3 cm was recorded in the treatment of spraying with the T. atroviride only. The treatment of spraying with fungus and riboflavin recorded the best treatments in reducing the development of artificial infection, which reached 1.3 cm. The reason for the reduction in the rate of artificial infection in the treatment of spraying with fungus and riboflavin may be due to the ability of riboflavin and biological resistance factors to stimulate some enzymes such as the enzyme (PPO) Poly phenol oxidase and Peroxidase (PO) and increase their activity, as well as the substances secreted by the biogenic fungi such as antibiotics Pachybasin and Gliotoxin and the enzymes Cellulase and Chitinase and unsaturated acids Dermadine, which have an anti-pathogen role (Bunker and Mathur, 2001).

			Trichoderma fungi filtrates contain some chemicals that play a role in resisting a wide range of pathogens and enhancing plant growth, as these compounds stimulate the plant’s vital processes and have an anti-pathogenic role against many plant pathogens (Wonglom et al., 2020; Adnani et al., 2024).

			Trichoderma fungi filtrates contain chemicals that play a role in combating a wide range of pathogens and promoting plant growth. These compounds stimulate plant biological processes and have an antimicrobial effect against many plant pathogens (Wonglom et al., 2020; Adnani et al., 2024). T. harzianum and T. viride inhibit pathogen enzymes and secrete substances that promote plant growth. This is due to their ability to stimulate plant growth through the secretion of growth regulators that work in conjunction with other mechanisms, including increasing plant nutrient uptake and the ability of organic compounds produced by biotrophic fungi to induce protective reactions against pathogens and also stimulate systemic resistance in plants (Sherma et al., 2009; Naznin et al., 2014; Oszako et al., 2021).

			The protective effects of tobacco seedlings against Phytophthora parasitica var. nicotianae and Ralstonia solanacearum fungi, and the effect of riboflavin on defense responses and secondary metabolism in tobacco cell suspensions (Nicotiana tabacum cv. NC89), were studied. The results of the study showed that oxidative burst and alkalinization of the extracellular media occurred as a result of the defense responses triggered by riboflavin in tobacco cells, the expression of four defense-related genes with different kinetics and intensity, and the accumulation of two phenolic compounds (Scopoletin and Lignin), when applied to tobacco plants exposed to P. parasitica and R. solanacearum. Riboflavin treatment achieved protection of 47.9% and 48.0%, respectively, due to the ability of riboflavin to stimulate a series of defense responses and secondary metabolism in cell suspensions, and to protect tobacco from P. parasitica and R. Solanacearum (Liu et al., 2010). One study reported that spraying bean leaves with different concentrations of riboflavin, ranging from 10–1000 mM, reduced the spread of the Botrytis cinerea in beans and reduced the number of Botrytis infections on leaves by 25% compared to the control treatment. Riboflavin can enhance plant resistance to biotic stress (Azami-Sardooei et al., 2010). Dong and Beer (2000) indicated that spraying with riboflavin reduced the infection of the A. alternata on tobacco plants and the Hyaloperonospore arabidosidis on rosemary plants, due to riboflavin’s ability to stimulate plant resistance. 

			When spraying sweet pepper plants (Casicum annuum) with thiamine and riboflavin, it stimulates the plant’s resistance against TMV virus, as riboflavin enhances the plant’s defense response against pathogens by increasing the activity of (PPO) Polyphenol oxidase and (PO) Peroxidase. Also, treating tomato plants with riboflavin 7 days after inoculation with TMV virus increases the activity of the peroxidase enzyme. This indicates the existence of a link between the increased activity of the peroxidase enzyme and the induction of systemic resistance in the plant in the presence of induced factors, including riboflavin or some types of Trichoderma (Torkey, 2016; Bondok and Thabet, 2016; Ahmed, 2016). Spraying plant leaves with riboflavin before inoculation with the pathogenic fungus enhances plant resistance and increases its concentration in the plant, as riboflavin stimulates metabolic pathways that lead to plant growth and enhances its resistance when attacked by pathogens (Torkey, 2016 ; Darwish, 2017). Riboflavin enhances the defense responses of the rice plant Oryza sativa against the pathogenic R. solani by raising the levels of peroxidase enzyme and polyphenols in plants infected with R. solani and its resistance to the pathogenic fungus, as riboflavin is involved in many biological processes related to oxidation and resistance to pathogenic fungi (Ji et al., 2014).

			Adding 2 mM riboflavin 1-3 days before inoculation with the pathogen Plasmopara viticola provided an efficiency in reducing the disease by 86%. Its use stimulates resistance against downy mildew in grapevines by activating host defense responses, including H2O2 and increasing the regulation of a group of defense-related genes. Microscopic analysis results showed an early inhibition of the spread of fungal hyphae in the intercellular space (Boubakri et al, 2013). The combined application of riboflavin and chitosan on lemon fruits significantly increased the inhibition of Penicillium digitatum compared to the application of chitosan alone. The fungal growth was inhibited by 100% in the 0.5% riboflavin, chitosan, and 0.5% riboflavin treatments, while the 0.25% riboflavin and chitosan treatments showed an inhibition rate of 84.5%. Therefore, this result represents a promising natural option as an alternative to synthetic pesticides (Ipinza-Concha et al., 2024).

			Conclusions and Receommendations

			One of the goals of modern agriculture is to produce healthy food through the use of safe and environmentally friendly biological factors, and to reduce the use of chemicals in the fields to minimize potential environmental damage. Therefore, biological factors are a good alternative to chemicals for pest control or growth improvement of treated plants. Among the types of fungi used as biological factors are the biological fungi Trichoderma spp. In this study, the biological T. atroviride and riboflavin were used as an alternative to chemical fungicides. The results of this study showed the effective effect of combining the biological T. atroviride and riboflavin in reducing the artificial infection rate of the pathogenic A. alternata. This is due to the ability of riboflavin and biological resistance factors to stimulate some enzymes such as the enzyme (PPO) Polyphenol oxidase (PPO) and Peroxidase (PO) and increase their activity, as well as substances secreted by biological fungi such as antibiotics Pachybasin and Gliotoxin and the enzymes Cellulase and Chitinase. Dermadine unsaturated acids have an anti-pathogenic role. These results indicate that the combination of T. atroviride and riboflavin enables us to obtain an effective natural pesticide in biological control or as an alternative to synthetic fungicides against date palm leaf spot fungi, including the pathogenic A. alternata. Therefore, additional studies can be conducted that focus on evaluating other bio-fungi and various plant pathogens.

			Novelty Statement

			Evaluating the efficacy of riboflavin and T. atroviride in inhibiting A. alternata, the causative agent of leaf spot disease on date palms, and its effect on inducing systemic resistance in the plant. Using T. atroviride and riboflavin as an effective alternative to fungicides and providing successful and sustainable management of leaf spot diseases on date palms.
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The Inhibitory Effect of Biofungicide Trichoderma atroviride and

Riboflavin on Alternaria Alternata Causing Leaf Spot Disease Indate
Palm
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Abstract | The widespread distribution of Zrichoderma species prevents the spread of diseases through plants.
'The most important ways in which 7¥richoderma acts as a fungus resistant to fungal pathogens are through
competition for nutrients, direct parasitism of pathogenic fungi, and the production of antibiotics, Moreover,
Trichoderma fungi can act indirectly to control pathogens through the Induced Systemic Resistance (ISR) in
plant cells, which in turn leads to promote plant defense and disease control. Riboflavin is an ISR-inducing
agent in plants, which is effective against many pathogens. Therefore, this study evaluated the effect of the
bio-fungus T. atroviride and riboflavin and their combination in inhibiting 4. alternara, which causes leaf spot
disease on date palms tree. The results of the study recorded an increase in the growth of the bio-fungus 7
atroviride in the culture media containing riboflavin at a concentration of 15 mM, where the highest growth
rate of the bio-fungus reached 8.88 ¢m compared to the control treatment, which recorded 6.65 cm. As for
the pathogenic A. alternata, the lowest growth of the pathogenic fungus was recorded at a concentration
of 15 mM of riboflavin, as the growth rate of the fungus reached 3.11 c¢m. The best antagonism of the 7
atroviride against the pathogenic 4. alternata was at a concentration of 15 mM of riboflavin, as the inhibition
rate reached 56.06. As for the effect of spraying treatment with the filtrate of the 7. atroviride and riboflavin,
it was the best treatment in reducing the development of artificial infection, as it reached 1.16 cm. Based
on these results, the combination of 7. asroviride and riboflavin could be an effective alternative to synthetic
fungicides, providing successful and more sustainable management of date palm leaf spot diseases, including
the pathogenic 4. alternata.
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Introduction were found. Date palms were mentioned in the
Sumerian era on Sumerian tablets that indicated

Iraq is the original homeland of the date palm and the sanctity of the palm tree. Date palms are one of
is considered the oldest place where date palms the most important natural resources in Iraq, along
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