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					ABSTRACT  

					ARTICLE INFO  

					Cowpea (Vigna unguiculata (L.) Walp.) serves as a food source for humans and forage for  

					animals. However, its production is affected by disease-causing fungi, of which Macrophomina  

					phaseolina is a significant pathogen. Trichoderma was employed as a biofungicide to manage the  

					disease in the screenhouse. Three strains of Trichoderma asperellum were isolated from the soil.  

					The fungal spore suspensions of the Trichoderma strains were prepared, formulated into seven  

					different treatment combinations, and applied to the cowpea potted soil five days after the  

					germination of the cowpea to investigate their biocontrol ability on M. phaseolina and assess their  

					effects on cowpea growth. The experiment's results showed that cowpea plants treated with T.  

					asperellum differed significantly in plant height, stem girth, and leaf number compared to those  

					treated with M. phaseolina alone (p < 0.05). Trt3 (54.6815 cm), Trt1 (54.0125 cm), and Trt5  

					(52.9375 cm) gave a higher plant height than in control 1 (M. phaseolina-treated cowpea - 44.9667  

					cm). Also, Trt7 (0.5413) and Trt3 (0.5258) gave a higher stem girth than in control 1 (M.  

					phaseolina-treated cowpea - 0.3333 cm), while Trt6 (20.292) gave a higher leaf number than in  

					control 1 (M. phaseolina-treated cowpea - 8.833). Additionally, Trt3 and Trt7 exhibited disease  

					incidences of 22% and 67%, respectively, compared to control 1, which had a 100% incidence.  

					Meanwhile, Trt7 showed 8% disease severity, compared to control 1, which had 100%. Therefore,  

					post-germination Trichoderma application proved to be an effective strategy for controlling M.  

					phaseolina, and it also has the potential to enhance cowpea biomass for sustainable food security.  
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					Trichoderma asperellum  

					These diseases are caused by various pathogens, such as fungi, bacteria,  

					viruses, and nematodes, which can reduce yield by hindering growth,  

					Introduction  

					Cowpea (Vigna unguiculata (L.) Walp.) is a vital legume  

					13, 14  

					development, and quality.  

					The disease can significantly diminish  

					crop in many parts of the world, particularly in tropical and subtropical  

					15  

					the quality and quantity of farm produce.  

					Farmers often incur  

					1

					regions. People who live in the most marginalised regions benefit  

					additional costs to manage plant diseases by acquiring fungicides. 16 In  

					severe cases, widespread economically important plant diseases, which  

					include charcoal rot, wilt, blight, rust, and discolouration, lead to food  

					2, 3, 4  

					significantly from its production in terms of food security.  

					vital source of protein, dietary fibre, and essential micronutrients for  

					millions of people.  

					proteins, are abundant in its seeds. Furthermore, cowpea is a vital  

					source of minerals and vitamins that help avoid birth abnormalities.  

					Its ability to fix nitrogen from the atmosphere increases soil fertility and  

					lessens artificial fertiliser requirements . However, various biotic and  

					abiotic stresses significantly constrain cowpea productivity. Plant  

					It is a  

					5

					Tryptophan and lysine, two important plant  

					security concerns, particularly in developing countries with heavy  

					6

					17  

					reliance on agriculture.  

					Among the plant diseases of significant  

					4

					concern is charcoal rot caused by the soilborne necrotrophic fungus  

					18  

					Macrophomina phaseolina (Tassi) Goid.  

					M. phaseolina is a  

					7

					ubiquitous soilborne pathogen with a vast host range, infecting over 500  

					8

					19  

					plant species, including numerous economically important crops. It  

					diseases have a significant impact on economically important crops,  

					resulting in substantial economic losses and posing a threat to global  

					thrives in warm and dry conditions, particularly in regions with drought-  

					prone environments. 20 The pathogen colonises the roots, causing root  

					rot, stem cankers, and plant death. 18 The disease can lead to severe yield  

					food security. 9, 10 Plant diseases threaten food security and agricultural  

					11  

					outputs.  

					An estimated 30% or more of crop productivity is lost  

					losses, ranging from 10%-100%, depending on the severity of the  

					annually worldwide due to plant diseases, costing hundreds of billions  

					21  

					infection and environmental conditions.  

					However, to mitigate the  

					of dollars. 12  

					impact of plant diseases on economic crops, a multi-pronged approach  

					is necessary, including developing disease-resistant crop varieties,  

					using integrated disease management strategies, and implementing  

					effective quarantine and surveillance measures. 22  

					Corresponding author Email: olawole.obembe@covenantuniversity.edu.ng  

					Tel: +2348130928965  

					Citation: Oyesola OL, Kinge TR, Kolade OA, Obembe OO. Post-  

					germination Application of Trichoderma asperellum for the Biocontrol  

					of Macrophomina phaseolina in Cowpea. Trop J Nat Prod Res. 2025; 9(12):  

					6356 – 6361 https://doi.org/10.26538/tjnpr/v9i12.58  

					Conventional disease management strategies for charcoal rot primarily  

					rely on synthetic fungicides. 23 However, these chemicals can harm the  

					24  

					environment and human health.  

					Furthermore, the emergence of  

					fungicide-resistant M. phaseolina strains necessitates exploring  

					alternative, eco-friendly control measures. 25  

					Biocontrol agents, particularly those derived from beneficial  

					microorganisms, offer a promising alternative to chemical fungicides.  

					Official Journal of Natural Product Research Group, Faculty of  

					Pharmacy, University of Benin, Benin City, Nigeria  

					26, 27  

					Trichoderma spp. are free-living fungi that exhibit antagonistic  

					28, 29  

					activities against various plant pathogens.  

					Trichoderma exerts its  
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					biocontrol activity through various mechanisms, including parasitism,  

					competition, induced systemic resistance (ISR), antibiosis, and  

					mycoparasitism. Several studies have demonstrated the efficacy of  

					Spore suspension and treatment preparation  

					The spores of the 7-day-old Trichoderma asperellum and M. phaseolina  

					culture isolates were washed into 700 mL of sterile distilled water in a  

					conical flask using 50 mL of sterile distilled water. The three  

					Trichoderma isolates and Macrophomina phaseolina spore suspensions  

					were stored in the refrigerator at 4 ºC. This was carried out following  

					the method of Cho & Chung. 38  

					30  

					Trichoderma spp. in controlling charcoal rot disease in various crops,  

					31  

					including soybean, cotton, and sorghum. However, research on the  

					post-biocontrol of M. phaseolina on cowpea using Trichoderma is  

					limited. 32  

					Post-germination application of bioagents is a crucial strategy in  

					sustainable agriculture for managing plant diseases. 33 Bioagents, such  

					Treatments preparation  

					as bacteria, fungi, and viruses, can effectively suppress plant pathogens,  

					The treatment formulations were made by mixing 50 mL of spore  

					suspension from each Trichoderma spore suspension to derive the  

					following formulations (Table 1). Each formulation was employed as  

					the treatment for the screenhouse experiment. After preparing the  

					Trichoderma asperellum spore suspension, the suspensions were kept  

					in the incubator at 27 ºC to maintain viability before application in the  

					screenhouse.  

					27, 34, 35  

					promoting healthy plants and increasing crop yield.  

					Post-  

					germination application allows for precise timing and placement of the  

					bioagents, maximising their effectiveness. 36 Thus, this research aimed  

					to evaluate the efficacy of post-planting Trichoderma application in  

					controlling charcoal rot caused by M. phaseolina on cowpeas in the  

					screenhouse.  

					Materials and Methods  

					Table 1: Trichoderma suspension formulation  

					Treatments  

					Trt1  

					Trt2  

					Trt3  

					Trt4  

					Trt5  

					Trt6  

					Trt7  

					Formulations  

					Trichoderma1  

					Trichoderma2  

					Trichoderma3  

					Trichoderma1 + Trichoderma2  

					Trichoderma1 + Trichoderma3  

					Trichoderma2 + Trichoderma3  

					Trichoderma1 + Trichoderma2 + Trichoderma3  

					Cowpea seed collection  

					Cowpea seeds (accession number IT13K-1308-5) were collected from  

					the Germplasm Unit of the International Institute of Tropical  

					Agriculture (IITA), Ibadan, Oyo State, Nigeria.  

					Macrophomina phaseolina collection  

					The pure stock culture of Macrophomina phaseolina was collected  

					from the International Institute of Tropical Agriculture (IITA)  

					Pathology Laboratory in Ibadan, Oyo State, Nigeria.  

					Soil collection and sterilisation  

					Isolation and Morphological Characterisation of Trichoderma Isolates  

					Soil sample collection and suspension preparation  

					The topsoil used for the screenhouse experiment was collected from the  

					Covenant University parks and gardens at a depth of 0-20 cm using a  

					shovel. It was conveyed to the Biology Laboratory of the Department  

					of Biological Sciences in aluminium containers. The soil was then  

					sterilised by exposure to high temperatures using an autoclave (Vertical  

					Pressure Steam Steriliser, Model: LS-50LJ) at 121 ºC for 90 minutes.  

					After sterilising, the soil was allowed to cool before handling and  

					loosened to restore its natural structure. A volume of 2 kg of sterilised  

					soil was transferred into the planting pots, and the pots were tapped to  

					settle the soil and remove air pockets. The planting pots were arranged  

					to ensure adequate spacing and air circulation.  

					Soil samples were randomly collected from the parks and gardens of  

					Covenant University, Ota, Ogun State. The samples were transported to  

					the Biology laboratory of the Department of Biological Sciences at  

					Covenant University in sterile Ziploc bags. The soil samples were  

					immediately homogenised by mixing to isolate Trichoderma using the  

					serial dilution method (10-3, 10-5, 10-7). 37  

					Media preparation  

					Potato Dextrose Agar (PDA) media (DIFCO) was prepared according  

					to the manufacturer's instructions. A total of 39 g of PDA was measured  

					and dissolved in a conical flask containing 1000 mL of distilled water.  

					The conical flasks were plugged with cotton wool coated with  

					aluminium foil and sealed with masking tape. The media was  

					homogenised by agitating on a rotatory shaker for 10 min at 200 rpm.  

					The media was sterilised for 15 min at 121 ℃ using an autoclave. The  

					PDA was allowed to cool down to approximately 40 ℃, after which 2-  

					3 drops of Lactic acid were added to inhibit bacterial growth.  

					Cowpea seed planting  

					The planting pots were moistened before planting, and three cowpea  

					seeds were planted per plot at a depth of approximately 1-2 cm, covered  

					with a thin layer of soil. After germination, the seedlings were thinned  

					to one seedling per plot by removing physically weaker seedlings. A  

					clean environment was maintained to prevent infestation and disease  

					transmission.  

					Isolation of Trichoderma  

					Treatment combinations with controls  

					A 2.5 mL aliquot from the soil serial dilution preparation was dispensed  

					into a prepared PDA media plate and incubated for 7 days at 27 ± 3 °C.  

					The pure cultures of Trichoderma isolates were obtained from the  

					mixed cultures by subculturing distinct colonies in freshly prepared  

					media. Pure isolates were further obtained via subculturing of distinct  

					colonies on PDA. The isolates were stored in -4 °C refrigerator for  

					further use in the experiments.  

					Seven treatments were employed in the experiment, including two  

					control experiments (positive and negative controls) (Table 2). Each  

					treatment was set up in triplicate.  

					Soil inoculation with Trichoderma and Macrophomina phaseolina  

					Cowpea soil in the screenhouse was inoculated with a 50 mL spore  

					suspension of Trichoderma asperellum and M. phaseolina isolates,  

					following the modified method of Zhang et al. 39. The Trichoderma and  

					M. phaseolina suspension solution was poured over the soil surface to  

					ensure uniform coverage. The soil was gently mixed to a depth of 5-10  

					cm to ensure even distribution of the Trichoderma.  

					Characterisation of Trichoderma isolates  

					The fungal isolates were identified based on morphological and  

					microscopic characteristics. The macro properties of the isolates  

					comprised growth traits, including wooliness and fluffiness, as well as  

					the formation of concentric rings (1–2) and colours ranging from white  

					to yellowish green, green, and dark green during conidia production.  

					The fungal isolates were genotypically characterised by amplifying the  

					Internal Transcribed Spacer (ITS) region using ITS1 (5’-  

					Measurement of disease incidence and severity  

					The percentage of disease incidence in the infected cowpea seedlings  

					across the treatments was determined as described by Madden &  

					Campbell. 40  

					TCCGTAGGTGAACCTGCGG-3’)  

					and  

					ITS4  

					(5’TCCTCCGCTTA TTGATATGC-3’) primers.  

					ꢀ푢푚푏ꢁ푟 표푓 푝푙ꢂꢀ푡ꢃ ꢃℎ표푤ꢄꢀ푔 ꢅꢄꢃꢁꢂꢃꢁ ꢃ푦푚푝푡표푚ꢃ  

					(

					)

					퐷푖푠푒푎푠푒 푖n푐푖푑푒푛푐푒 % =  

					×

					푇표푡ꢂ푙 푁푢푚푏ꢁ푟 표푓 ꢃꢁꢁꢅ푙ꢄꢀ푔ꢃ  

					100 (equation 1)  
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					The percentage of disease severity in the infected cowpea seedlings  

					across the treatments was determined using the modified scale of  

					Medsger et al. 41, as presented in Table 3, using the formula.  

					Experimental Design  

					The experiment was a Completely Randomised Design of 7 × 1 × 3 (i.e.,  

					7 treatments × 1 application type × 3 replicates) with 2 controls (soil  

					treated with Macrophomina phaseolina alone [negative control] and  

					cowpea planted alone [positive control]) also in triplicate. The design  

					had twenty-one (21) experimental units and six (6) control units.  

					Plates 2: The photomicrograph of the Trichoderma isolates  

					(A: T. asperellum Tric4; B: T. asperellum Tric12; C: T.  

					asperellum Tric13) from soil samples as viewed under a light  

					microscope (X400).  

					Table 2: Formulation application of Trichoderma asperellum  

					treatments  

					Treatment  

					Formulations  

					Effect of post-germination Trichoderma treatments on cowpea biomass  

					The performance of cowpea biomass treated with post-germination  

					Trichoderma application was evaluated in the screenhouse. Table 5  

					showed a significant difference (<0.05) in the performance of cowpea  

					plant height, stem girth, and leaf numbers in the cowpea subjected to  

					different post-germination Trichoderma treatments. The results in  

					Table 6 showed a significant difference (LSD0.05 = 1.8984) in the  

					performance of plant height, stem girth, and leaf number of cowpea  

					across the treatments. The means comparison of the cowpea plant height  

					showed that all treatments gave better plant height performance than the  

					negative control (M. phaseolina alone), apart from treatment Trt4  

					(45.4667 cm), which did not significantly differ from the negative  

					control (44.9667 cm), while Trt2 (54.6875 cm), Trt1 (54.0125 cm) and  

					Trt5 (52.9375 cm) recorded the highest cowpea plant heights. There  

					was a significant difference (LSD0.05 = 0.0482) in the stem girth of the  

					cowpea across all treatments. The cowpea stem girth across all  

					treatments performed better than the negative control (M. phaseolina  

					alone). The highest stem girth was recorded in Trt7 (0.5413 cm),  

					followed by Trt3 (0.5258 cm), while the least stem girth was observed  

					in Trt6 (0.4704 cm). Additionally, there was a significant difference  

					(LSD0.05 = 5.1238) in the stem girth of the cowpea across all treatments.  

					The highest leaf number was recorded in the positive control (cowpea  

					alone - 25.958); however, all the Trichoderma treatments recorded  

					higher leaf numbers than in the negative control (M. phaseolina alone).  

					Meanwhile, Trt6 (20.292), Trt3 (16.917), and Trt7 (16.292) gave higher  

					leaf numbers than in other treatments, which did not differ significantly  

					in their leaf numbers. However, Trt2 (13.833) and Trt4 (10.250) were  

					not significantly different from the negative control (M. phaseolina  

					alone - 8.8330).  

					Trt1  

					Trt2  

					Trt3  

					Trt4  

					Trt5  

					Trt6  

					Trt7  

					Cowpea + M. phaseolina + T. asperellum Tric4  

					Cowpea + M. phaseolina + T. asperellum Tric12  

					Cowpea + M. phaseolina + T. asperellum Tric13  

					Cowpea + M. phaseolina + T. asperellum Tric4 + T.  

					asperellum Tric12  

					Cowpea + M. phaseolina + T. asperellum Tric4 + T.  

					asperellum Tric13  

					Cowpea + M. phaseolina + T. asperellum Tric12 + T.  

					asperellum Tric13  

					Cowpea + M. phaseolina + T. asperellum Tric4 + T. aspe  

					Tric12 +  

					T. asperellum Tric13  

					Control 1 – Cowpea alone  

					Control 2 - Cowpea + M. phaseolina  

					Trt8  

					Trt9  

					Table 3: Disease rating scale  

					Percentage value (%)  

					0

					5

					10  

					25  

					50  

					Plant area infected / Symptoms  

					Symptomless plant  

					5 mm lower stem discolouration or less  

					20 mm lower stem discolouration  

					5% lower stem discolouration  

					Whole stem discolouration, but  

					symptomless epicotyls or leaves  

					Whole stem and epicotyls  

					discolouration, with the lower leaves  

					wilted  

					75  

					100  

					Dead plants  

					Data collection and statistical analysis  

					Table 4: Morphological and microscopical characterisation of  

					The biomass data were collected at 5-day intervals by observing plant  

					height (cm), leaf number, and stem girth (cm). The collected data were  

					subjected to variance analysis using the Statistical Analysis System  

					(SAS 9.4) software package. The means were compared using the Least  

					Significant Difference (LSD) test at a confidence interval of < 0.05.  

					This design enabled the evaluation of the effects of Trichoderma  

					isolates on Macrophomina phaseolina, with the control serving as a  

					baseline for comparison.  

					Trichoderma isolates  

					Isolate Morphological  

					(Plate) characteristics  

					Microscopical  

					characteristics  

					Plate  

					1a  

					Dense,  

					fuzzy  

					growth; Repeatedly  

					branched  

					colouration is mainly green conidiophores; irregularly  

					with a gradient from dark verticillate; clusters of  

					green at edges to lighter divergent, bent, flask-  

					green; the white to green shaped phialides; conidia  

					Results and Discussion  

					colour  

					different growth stages.  

					range  

					indicates hyaline and clustered at  

					tips.  

					Trichoderma isolation and characterisation  

					Three fungal isolates were isolated from the soil sample and  

					morphologically and molecularly identified to belong to the  

					Trichoderma asperellum species. The fungal isolates were identified  

					morphologically (Plate 1; Table 4) and microscopically (Plate 2; Table  

					4) and molecularly as Trichoderma asperellum, as reported by the  

					authors. 9  

					Plate  

					1b  

					Thick,  

					fuzzy  

					mycelial Repeatedly branched  

					growth; light green at centre conidiophores;  

					and darker toward edges; irregularly verticillate.  

					cottony surface with visible  

					conidiation.  

					Plate  

					1c  

					Fuzzy, fluffy colony; outer Repeatedly branched  

					green layer, followed by conidiophores;  

					yellow, and green centre; irregularly verticillate.  

					dense,  

					circular  

					yellow  

					pattern; extending shades of  

					Plates 1: Cultural appearance of the selected Trichoderma isolates  

					(A: T. asperellum Tric4; B: T. asperellum Tric12; C: T.  

					asperellum Tric13) from soil samples.  

					green  

					indicate  

					growth  

					stages.  
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					plant development, tolerance to biotic stressors, such as diseases, and  

					42  

					overall crop performance, according to Kredics et al. By inducing  

					Table 5: Effects of treatments on cowpea biomass (<0.05)  

					systemic acquired resistance (SAR) or induced systemic resistance  

					(ISR), these combination formulations can increase plant resistance and  

					provide a broader range of effectiveness against pathogens. Therefore,  

					the better biomass performance recorded under the combined  

					Trichoderma asperellum formulations could have resulted from  

					Trichoderma's synergistic relationship with other Trichoderma strains,  

					which have biocontrol ability in effectively controlling M. phaseolina  

					and enhancing growth in cowpeas.  

					Paramet  

					er  

					Source  

					D

					F

					SS  

					MS  

					F-  

					Valu  

					e

					Pr  

					F

					>

					Plant  

					height  

					(cm)  

					Model  

					17  

					44451.  

					92  

					2614.8 235.1 0.000  

					9

					3

					1

					Treatme  

					nt  

					Replicat  

					e

					8

					2

					2210.3  

					3

					198.34  

					276.29 24.84 0.000  

					1

					99.17  

					8.92  

					0.000  

					2

					Reports have revealed that biofungicides can be applied directly to  

					crops or farms, post-germination, to manage diseases caused by  

					pathogenic microorganisms. 43, 44, 45 Therefore, this study also evaluated  

					the effectiveness of the post-germination application method of  

					Trichoderma asperellum strains, both as a single formulation and in  

					combination, in controlling M. phaseolina in cowpeas. This study  

					demonstrated that Trichoderma asperellum applied post-germination  

					effectively controlled M. phaseolina and enhanced the biomass  

					performance of cowpeas. This finding was supported by the reports of  

					Error  

					19  

					8

					21  

					5

					2201.9  

					1

					46653.  

					83  

					11.12  

					0.077  

					C. Total  

					Model  

					Stem  

					girth  

					(cm)  

					17  

					5.38  

					0.32  

					44.21 0.000  

					1

					Treatme  

					nt  

					Replicat  

					e

					8

					2

					0.81  

					0.02  

					1.42  

					6.79  

					0.10  

					0.01  

					0.01  

					14.14 0.000  

					1

					1.50  

					46  

					47  

					Adekunle et al.  

					and Zin and Badaluddin.  

					Their findings  

					demonstrated the effectiveness of Trichoderma asperellum as a post-  

					germination therapy for managing fungal infections, including  

					Macrophomina phaseolina and pathogenic Fusarium spp. According to  

					their study, fungal pathogen-induced root rot may be successfully  

					managed using T. asperellum after germination. Trichoderma  

					asperellum enhances a plant's resilience to biotic stressors by promoting  

					plant development and suppressing pathogen activity.  

					0.226  

					0

					Error  

					19  

					8

					21  

					5

					C. Total  

					Model  

					Leaf  

					number  

					17  

					13216.  

					22  

					5083.0  

					1

					777.42 9.60  

					635.38 7.84  

					215.87 2.66  

					81.01  

					0.000  

					1

					0.000  

					1

					0.072  

					1

					Disease incidence and severity  

					Treatme  

					nt  

					Replicat  

					e

					8

					2

					This study investigated and recorded the incidence and severity of  

					fungal rot diseases caused by M. phaseolina in cowpeas observed under  

					the post-germination application of Trichoderma asperellum  

					bioformulation. Figure 1 shows the ability of Trichoderma to reduce the  

					incidence and severity of disease caused by M. phaseolina in the  

					cowpea plants treated with different Trichoderma formulations. The  

					results observed in the treated cowpea showed varying degrees of  

					disease incidence and severity.  

					431.73  

					Error  

					19  

					8

					21  

					5

					16040.  

					00  

					29256.  

					22  

					C. Total  

					Table 6: Effects of treatments on cowpea biomass across the  

					post-germination Trichoderma application method  

					120  

					100  

					80  

					60  

					40  

					20  

					0

					Treatment  

					Plant  

					Stem girth  

					leaf number  

					height (cm) (cm)  

					Trt1  

					Trt2  

					Trt3  

					Trt4  

					Trt5  

					Trt6  

					Trt7  

					Trt8  

					Trt9  

					LSD0.05  

					54.013a  

					54.688a  

					50.613b  

					45.467c  

					52.938a  

					49.950b  

					50.083b  

					44.967c  

					50.571b  

					1.898  

					0.5154abc  

					14.500cd  

					13.833cde  

					16.917bc  

					10.250de  

					14.333cd  

					20.292b  

					16.292bc  

					8.8330e  

					25.958a  

					5.1238  

					0.4883bc  

					0.5258ab  

					0.4896bc  

					0.5042abc  

					0.4704c  

					0.5413a  

					0.3333e  

					0.4133d  

					0.0482  

					This revealed that Trichoderma asperellum can efficiently control M.  

					phaseolina when applied to infested planting soil. Also, the  

					performance of the cowpea treated with single and combined T.  

					asperellum formulations revealed that T. asperellum could act as an  

					efficient biocontrol agent against M. phaseolina when applied as a  

					single agent or in combination with another Trichoderma strain. This is  

					revealed in the biocontrol ability of the different T. asperellum  

					treatments across the three application methods deployed in this study.  

					However, this study revealed that Trichoderma, when combined, could  

					enhance the performance of cowpeas under biotic stress more  

					effectively. Combining Trichoderma species with other Trichoderma  

					strains or biocontrol microbes can have synergistic effects in enhancing  

					Treatments  

					Disease Incidence  

					Disease Severity  

					Figure 1: Effect of treatments on disease incidence and  

					severity in cowpea  

					The M. phaseolina treatment showed the highest disease incidence and  

					severity (100%), indicating that the pathogen caused severe infection in  

					the absence of control measures. This further confirmed the virulence  
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