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					ABSTRACT  

					ARTICLE INFO  

					Cowpea is recognised for its importance as a food and forage crop for animals. However,  

					Macrophomina phaseolina, a fungus that causes pre-harvest crop loss, affects its production. In  

					this study, Trichoderma was employed as an alternative to synthetic fungicides that negatively  

					impact biodiversity to manage rot disease in cowpea. Three strains of Trichoderma asperellum  

					were isolated from the soil. The spore suspensions of the Trichoderma strains were formulated  

					into seven treatment combinations and applied to the cowpea soil before planting to investigate  

					their biocontrol potential on M. phaseolina and their effects on cowpea biomass. The result  

					showed that Trt3 (54.5417 cm), Trt1 (54.0625 cm) and Trt4 (52.8250 cm) had higher plant  

					height than the negative control (M. phaseolina only (44.9667 cm)). Also, Trt7 (0.5446 cm) and  

					Trt5 (0.5313 cm) had a higher stem girth performance than in the negative control (M.  

					phaseolina only (0.3333 cm)), while Trt7 (24.958), Trt3 (21.417) and Trt6 (20.083) recorded a  

					higher leaf number than in the negative control (M. phaseolina only (8.833)). Zero disease  

					incidence was observed in Trt3 (0%) and Trt7 (0%) upon treatment with the Trichoderma  

					formulations. Zero disease severity was recorded in Trt3 and Trt7 (0%), compared to the  

					negative controls, which displayed 100% disease incidence and severity. The pre-planting  

					Trichoderma application enhanced cowpea biomass and reduced disease incidence and severity  

					compared to the negative control. Therefore, Trichoderma is an effective bioagent for  

					controlling diseases caused by M. phaseolina in cowpea and stimulating its overall performance.  
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					Nigeria has fertile agricultural land spanning 34 million hectares, with  

					70% of its workforce engaged in the agricultural sector. 11 Despite this  

					abundance, the country has consistently grappled with the issue of  

					Introduction  

					Economic crops provide essential resources that solve  

					global food insecurity through horticulture and agricultural platforms.  

					1, 2, 3 Cowpea is one of the significant economic crops grown mainly in  

					Nigeria and many other West African countries to combat the menace  

					of food insecurity. 4, 5 However, the significant production of cowpeas  

					is affected by several biotic factors, which include diseases.  

					emergence and proliferation of plant diseases, predominantly observed  

					in the fields of horticulture and forestry, have profound global  

					consequences for agricultural producers, the seed sector,  

					insufficient food production. Annually, over 40% of crop yield is lost  

					12, 13,  

					due to pest infestations and diseases,  

					rendering a significant  

					6, 7  

					The  

					portion of the planted food crops inedible before they reach the  

					market. 14 This situation forces farmers to resort to chemical pesticides  

					despite their harmful effects on non-target organisms, including  

					15  

					beneficial insects, livestock, and humans.  

					Consequently, both the  

					8

					policymakers, and the broader populace, as well as for global food  

					quality of food produced and the economic stability of numerous  

					resource-poor farmers—who play a critical role in supplying a  

					security and the loss of biodiversity in numerous vulnerable regions  

					worldwide. 9 These disease incidences lead to reductions in crop yields  

					and ecological damage. For instance, the annual reduction in crop  

					yields attributed to pathogens (microorganisms responsible for causing  

					diseases and affecting the health and productivity of hosts) and pests  

					alone is quantified at US$220 billion, directly affecting food security,  

					regional economies, and various interconnected socio-economic  

					dimensions. 10  

					16  

					substantial proportion of local food—are increasingly undermined.  

					Achieving sustainable economic development in Nigeria remains an  

					elusive goal without a focus on ensuring the well-being and health of  

					its population. 17 With a projected population growth rate of 2.5% and  

					an anticipated population of 400 million by 2050, it is imperative to  

					prioritise initiatives that enhance both the quality and quantity of food  

					production in Nigeria. This is essential to avert a looming food  

					insecurity crisis that could result in a significant decline in the  

					population. 17, 18  

					Macrophomina phaseolina is a prevalent soil-borne fungal pathogen  

					distributed worldwide, with the ability to affect over 500 plant species  

					across more than 100 taxonomic families. Its broad host range and  

					widespread occurrence underscore the significant agricultural threat it  

					poses. This root-infecting fungus causes blockages in root vascular  

					tissues, leading to plant death.19 This fungus is known to cause several  

					severe diseases, including stem and root rot, charcoal rot, and seedling  
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					blight. 20 This pathogen can severely affect crop yields under elevated  

					temperatures ranging from 30 to 35 °C, combined with low soil  

					moisture levels (below 60%). This is especially true for critical  

					agricultural staples such as cowpea, soybean, groundnut, and sorghum.  

					The resulting crop losses can significantly undermine farmers'  

					incomes, seriously threatening their livelihoods and overall food  

					security in the affected regions. Addressing these environmental  

					factors is crucial for maintaining healthy crops and protecting  

					Macrophomina phaseolina collection  

					The pure stock culture of Macrophomia phaseolina was obtained from  

					the International Institute of Tropical Agriculture (IITA) Pathology  

					Laboratory, Ibadan, Oyo State, Nigeria. The culture was refreshed by  

					growing on PDA media and allowed to grow in the incubator at 27 0C  

					for 7 days before use for the experiment. 35  

					Isolation and morphological characterisation of Trichoderma isolates  

					Soil sample collection and suspension preparation  

					21  

					agricultural productivity. In the most severe cases, complete crop  

					Soil samples were randomly collected from Covenant University  

					Parks and Gardens, Ota, Ogun State. The samples were carefully  

					transported to the Biology Laboratory within the Department of  

					Biological Sciences at Covenant University, utilising sterile Ziploc  

					bags to ensure their integrity. The soil samples were homogenised, and  

					1 g was weighed using an analytical weight balance to isolate  

					Trichoderma using the serial dilution method (10-3, 10-5, 10-7). 36  

					failure has been observed when the disease manifests during the pre-  

					22  

					emergence stage.  

					It can persist in the soil for extended periods,  

					utilising microsclerotia or chlamydospores as its survival mechanisms.  

					This longevity allows it to cause infections, primarily due to the  

					subsequent development of sclerotia, which are thick, hardened  

					19  

					structures formed in response to environmental stresses.  

					Despite  

					numerous research efforts to control this pathogen, developing  

					effective management strategies remains challenging due to the  

					fungus' ability to remain dormant in farm soil for extended periods. 20  

					Despite the use of various techniques, including soil fumigation,  

					solarisation, resistant cultivars, and biological, cultural, physical, and  

					Media preparation  

					Potato Dextrose Agar (PDA) media, sourced from DIFCO, was  

					prepared according to the guidelines of the manufacturer, ensuring the  

					optimal conditions for cultivating fungi and yeast. 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 about 40 ℃, after  

					which 2 - 3 drops of Lactic acid were added to effectively lower the  

					pH of the media, creating an unfavourable condition for the  

					chemical control, managing soil-borne diseases can sometimes be  

					19, 23  

					difficult.  

					Farmers have been using synthetic pesticides to control  

					plant diseases, which, while effective, harm biological diversity  

					because they can alter habitats and the food chain, which can have  

					long-term and toxic short-term effects on organisms directly exposed.  

					24  

					After decades of widespread application in agriculture, researchers  

					uncovered the alarming toxicity of certain pesticides and their  

					tendency to accumulate in soils, water sources, and the food chain.  

					proliferation of pathogenic bacteria. 30  

					.

					This accumulation poses a serious threat not only to human health but  

					25  

					also to wildlife.  

					The detrimental effects of these chemicals have  

					Isolation of Trichoderma  

					been a significant factor in the ongoing depletion of biodiversity,  

					leading to the extinction of various species, the loss of natural  

					resources, and the destruction of habitats. As ecosystems become  

					destabilised, the balance necessary for sustaining life becomes  

					increasingly compromised, highlighting the urgent need for  

					sustainable farming practices. 26  

					A 2.5 mL aliquot from the soil serial dilution preparation was  

					dispensed into a prepared PDA media plate and incubated for seven  

					days at 27 ºC, using a Genlab classic incubator (United Kingdom).  

					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 distinct colony selection  

					on PDA. The isolates were refreshed by subculturing in media before  

					initiating the experiment. 35  

					Research has recently focused on creating environmentally friendly  

					biocontrol strategies for efficiently managing plant disease to lessen  

					27  

					the detrimental effects of synthetic pesticides on biodiversity.  

					Trichoderma is one of the potent biocontrol agents that has shown  

					Characterisation of fungal isolates  

					The fungal isolates were identified using standardised methods for  

					phenotypic and genotypic characteristics. The macro properties of  

					promise in managing pathogens that cause plant diseases.  

					28 Trichoderma  

					to protect crops from soil-borne pathogens.  

					is frequently  

					used as  

					a

					biocontrol  

					Trichoderma directly  

					agent  

					37  

					29  

					the fungal isolates comprised growth traits, including wooliness and  

					fluffiness, as well as the creation of concentric rings (1–2) and colours  

					ranging from white to yellowish green to green and dark green during  

					conidia production. The fungal isolates were genotypically  

					characterised by amplifying the Internal Transcribed Spacer (ITS)  

					region using ITS1 (5’-TCCGTAGGTGAACCTGCGG-3’) and ITS4  

					(5’TCCTCCGCTTA TTGATATGC-3’) primers. The fungal isolates  

					were identified as Trichoderma asperellum Tric4 (accession number -  

					PV491559), Trichoderma asperellum Tric12 (accession number -  

					PV491560), Trichoderma asperellum Tric13 (accession number -  

					PV491561). The fungal pathogen was identified as Macrophomina  

					phaseolina (accession number - PV491558).  

					controls pathogens through mechanisms like mycoparasitism or  

					indirectly through competing with other plants for nutrients and  

					space, altering the environment, or encouraging plant  

					growth  

					and defence mechanisms, increasing the uptake of nutrients and the  

					30, 31, 32.  

					general vigour of the plant.  

					Trichoderma is known for its  

					effectiveness and versatility, rendering it an invaluable asset in  

					integrated pest management and sustainable agricultural practices.  

					This genus of beneficial fungi plays a significant role in enhancing  

					plant health through the biocontrol of various pathogens and the  

					improvement of soil quality. Multiple species of Trichoderma, such as  

					T. viride, T. koningii, T. harzianum, T. longibrachiatum, and T. virens,  

					have been thoroughly researched for their effectiveness in biocontrol  

					of plant diseases. These species not only inhibit harmful fungal  

					pathogens but also enhance plant resistance to diseases, promote root  

					development, and improve nutrient absorption. Consequently, they  

					Spore suspension preparation  

					The spores from  

					a

					7-day-old culture of Trichoderma and  

					Macrophomina phaseolina isolates were carefully transferred into a  

					700 mL conical flask containing sterile distilled water. This was  

					accomplished by rinsing the cultures with an additional 50 mL of  

					sterile distilled water, ensuring the effective collection of spores.  

					Following this procedure, the spore suspensions of the Trichoderma  

					isolates, along with the Macrophomina phaseolina spores, were stored  

					in a refrigerator at a temperature of 4 ºC. This process was conducted  

					play a vital role in fostering more sustainable and efficient crop  

					33, 34  

					production systems.  

					Therefore, it was essential to carry out this  

					research to determine the effectiveness of the pre-planting soil  

					application of single and combined Trichoderma spores' suspension on  

					managing Macrophomina phaseolina and improving cowpea biomass.  

					Materials and Methods  

					38  

					according to the modified methods outlined by Oyewole et al.,  

					ensuring the integrity and viability of the fungal cultures for further  

					experimentation.  

					Cowpea seed collection  

					Viable 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, on the 30th of  

					November, 2023.  

					Treatment combinations with controls  

					The Trichoderma suspensions prepared from Trichoderma asperellum  

					Tric4, Trichoderma asperellum Tric12, and Trichoderma asperellum  
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					Tric13 were combined by mixing 50 mL from each Trichoderma  

					suspension using the formulation method in Table 1 according to the  

					revised procedure of Chen et al. 39, to derive the treatments (Trt1, Trt2,  

					Trt3, Trt4, Trt5, Trt6, and Trt7) applied in the screenhouse. Seven  

					treatments were adopted for the experiment, with two control  

					experiments (positive and negative controls) as presented in Table 2.  

					Each treatment was set up in triplicate.  

					isolates on Macrophomina phaseolina, with the control serving as a  

					baseline for comparison.  

					Results and Discussion  

					Effect of treatments on cowpea performance under pre-planting  

					application type  

					The introduction and growing utilisation of biological control agents  

					in managing plant diseases have emerged as a sustainable and eco-  

					friendly alternative to conventional synthetic pesticides. Unlike their  

					chemical counterparts, which can adversely affect ecosystems and  

					diminish biodiversity, these natural interventions harness the potential  

					of beneficial organisms to promote plant health while safeguarding the  

					environment. This study revealed the effectiveness of the pre-planting  

					application of combined Trichoderma spores' suspension against  

					Macrophomia phaseolina in the screenhouse. Table 4 shows the  

					biomass performance of the cowpea subjected to the pre-planting  

					Trichoderma application. It shows a significant difference in the  

					model, treatment, and growth progress (p<.0001). However, replicates  

					had no significant difference (p>0.9470). The means comparison of  

					cowpea  

					Soil collection and sterilisation  

					The topsoil used for the screenhouse experiment was collected in  

					January 2024 from the Covenant University parks and garden from 0-  

					20 cm depth 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  

					temperature using an autoclave (Vertical Pressure Steam Steriliser,  

					Model: LS-50LJ) at 121 ºC for 90 min. After sterilising, the soil was  

					left to cool before handling and loosened to restore its natural  

					structure. A 2 kg 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, ensuring adequate spacing for maximum  

					air circulation.  

					Table 1: Trichoderma spores suspension formulation  

					Cowpea seed planting  

					Before planting, the planting pots were thoroughly moistened to  

					ensure optimal seed germination. Seed planting was done on the 2nd of  

					February 2024. In each pot, three cowpea seeds were carefully placed  

					at a depth of approximately 1 to 2 centimetres. After planting, the  

					seeds were covered with a thin layer of soil to protect them while  

					allowing for adequate airflow and moisture retention. Once  

					germination had occurred, the seedlings were carefully thinned to one  

					seedling per pot by removing the physically weaker seedlings. A clean  

					environment was maintained to prevent infestation and disease  

					transmission.  

					Treatments  

					Trt1  

					Formulations  

					T. asperellum Tric4  

					Trt2  

					T. asperellum Tric12  

					Trt3  

					T. asperellum Tric13  

					Trt4  

					T. asperellum Tric4 + T. asperellum Tric12  

					T. asperellum Tric4 +T. asperellum Tric13  

					T. asperellum Tric12 + T. asperellum Tric13  

					T. asperellum Tric4 + T. asperellum Tric12  

					+ T. asperellum Tric13  

					Trt5  

					Trt6  

					Soil inoculation with Trichoderma and Macrophomina phaseolina  

					Cowpea soil in the screenhouse was inoculated with 50 mL spore  

					suspension of Trichoderma and M. phaseolina isolates according to  

					Trt7  

					40  

					the modified procedure of Afouda et al. The Trichoderma and M.  

					phaseolina suspension solution was poured over the soil surface to  

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

					depth to ensure even distribution of the Trichoderma.  

					Table 2: Trichoderma treatments application with M.  

					phaseolina and control  

					Treatment  

					Trt1  

					Formulations  

					Measurement of Disease incidence and severity  

					Cowpea + M. phaseolina + T. asperellum Tric4  

					The percentage of disease incidence observed in the infected cowpea  

					seedlings was assessed across the treatment groups, following the  

					methodology outlined by Persson et al. 41  

					Trt2  

					Cowpea  

					+

					M. phaseolina  

					+

					T. asperellum  

					Tric12  

					Trt3  

					Tric13  

					=

					×

					Cowpea  

					+

					M. phaseolina  

					+

					T. asperellum  

					100 (equation 1)  

					Trt4  

					Trt5  

					Trt6  

					Trt7  

					Cowpea + M. phaseolina + T. asperellum  

					Tric4 T. asperellum Tric12  

					Cowpea + M. phaseolina + T. asperellum  

					Tric4 T. asperellum Tric13  

					The percentage of disease severity in the infected cowpea seedlings  

					across the treatments was determined using the modified scale of  

					Persson et al. 41 as presented in Table 3. The data was collected once  

					from each treatment representative, in the last week of assessment,  

					before the termination of the experiment.  

					+

					+

					Cowpea + M. phaseolina + T. asperellum  

					Tric12 + T. asperellum Tric13  

					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.  

					Cowpea + M. phaseolina + T. asperellum  

					Tric4 + T. asperellum Tric12 + T.asperellum Tric13  

					Control 1 – Cowpea alone  

					Trt8  

					Trt9  

					Control 2 - Cowpea + M. phaseolina  

					Data collection and statistical analysis  

					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) at a 0.05 confidence interval. This  

					design allowed for the evaluation of the effects of the Trichoderma  

					Table 3: Disease rating scale  

					Percentage value  

					Plant area infected  

					Symptomless plant  

					0

					5

					5 mm lower stem discolouration or less  
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					10  

					25  

					50  

					20 mm lower stem discolouration  

					5% lower stem discolouration  

					plant height (cm), stem girth (cm) and leaf numbers under the  

					treatments were shown in Tables 5, 6 and 7, respectively. Table 5  

					shows a significant difference in cowpea heights under the different  

					treatments. Trt3 (T. asperellum Tric13) gave the highest cowpea  

					height mean (54.5417 cm), followed by Trt1 (T. asperellum Tric4)  

					with 54.0625 cm and Trt4 (T. asperellum Tric4 + T. asperellum  

					Tric12) with 52.8250 cm, which did not differ significantly in their  

					performance. However, all the treatments gave better cowpea plant  

					height than those treated with M. phaseolina (44.9667 cm). Also,  

					Table 6 shows a significant difference in cowpea stem girths under the  

					different treatments. Trt7 (T. asperellum Tric4 + T. asperellum Tric12  

					+ T. asperellum Tric13) and Trt5 (T. asperellum Tric4 + T. asperellum  

					Whole  

					symptomless epicotyls or leaves  

					Whole stem and epicotyls discolouration  

					stem  

					discolouration,  

					but  

					75  

					with the lower leaves  

					Dead plants  

					wilted  

					100  

					Table 4: ANOVA for the effects of treatments on cowpea biomass under the pre-planting application type  

					Plant height (cm)  

					Source  

					DF  

					10  

					SS  

					MS  

					F Value Pr > F  

					<.0001  

					Model  

					38767.71 2280.45 243.50  

					Treatment  

					Replicate  

					Error  

					8

					2

					1553.34 194.17  

					1.02  

					20.73  

					<.0001  

					0.51  

					0.05  

					0.9470  

					198  

					1854.36 9.37  

					Corrected Total  

					Stem girth (cm)  

					Model  

					208  

					40622.07  

					10  

					7.13  

					0.11  

					0.00  

					0.73  

					0.42  

					0.00  

					113.90  

					<.0001  

					0.7650  

					<.0001  

					Treatment  

					Replicate  

					Error  

					8

					2

					0.85  

					0.00  

					198  

					7.86  

					28.87  

					0.27  

					Corrected Total  

					Leaf number  

					Model  

					208  

					10  

					17920.21 1054.13 11.82  

					<.0001  

					<.0001  

					0.0691  

					Treatment  

					Replicate  

					Error  

					8

					2

					5512.87 689.11  

					483.12  

					7.73  

					241.56  

					2.71  

					198  

					17656.82 89.18  

					Corrected Total  

					(<0.05)  

					208  

					35577.04  

					Table 5: Mean comparison for the effects of treatments on cowpea plant height (cm) under the pre-planting application type  

					Grouping  

					Mean  

					Treatment  

					Trt3  

					A

					54.5417  

					54.0625  

					52.8250  

					AB  

					AB  

					B

					Trt1  

					Trt4  

					BC  

					C

					52.4000  

					Trt7  

					CD  

					CD  

					D

					50.8917  

					50.6625  

					50.5708  

					49.9167  

					Trt6  

					Trt5  

					Trt9  

					Trt2  

					D
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					44.9667  

					0.1243  

					Trt8  

					R2  

					LSD0.05 1.7421  

					Table 6: Mean comparison for the effects of treatments on cowpea stem girth (cm) under the pre-planting application type  

					Grouping  

					Mean  

					Treatment  

					Trt7  

					A

					0.5446  

					0.5313  

					0.5167  

					0.5138  

					0.4917  

					0.4875  

					0.4792  

					0.4133  

					0.3333  

					0.1243  

					0.0345  

					A

					Trt5  

					AB  

					AB  

					B

					Trt1  

					Trt6  

					Trt2  

					B

					Trt3  

					B

					Trt4  

					C

					Trt9  

					D

					Trt8  

					R2  

					LSD0.05  

					Table 7: Mean comparison for the effects of treatments on cowpea leaf number under the pre-planting application type  

					Grouping  

					Mean  

					25.958  

					24.958  

					Treatment  

					Trt9  

					A

					AB  

					B

					Trt7  

					BC  

					BC  

					C

					21.417  

					20.083  

					Trt3  

					Trt6  

					CD  

					CD  

					CD  

					D

					19.042  

					18.083  

					16.208  

					Trt2  

					Trt4  

					Trt5  

					DE  

					E

					13.750  

					8.833  

					0.124  

					5.376  

					Trt1  

					Trt8  

					R2  

					LSD0.05  
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					Figure 1: Effect of Trichoderma treatments on cowpea disease incidence  
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					Figure 2: Effect of Trichoderma treatments on cowpea disease severity  

					Tric13) gave the highest cowpea height mean, 0.5446 cm and 0.5313  

					cm, respectively, followed by Trt1 (T. asperellum Tric4) and Trt6 (T.  

					asperellum Tric12 + T. asperellum Tric13), with 0.5167 cm and  

					0.5138 cm, respectively, which did not differ significantly in their  

					performance. However, all the treatments gave better cowpea stem  

					girth than those treated with M. phaseolina (44.9667). Table 7 shows a  

					significant difference in cowpea leaf number under the different  

					treatments. Trt9 (control 2 - cowpea alone) (25.958) and Trt7 (24.958)  

					gave the highest leaf number, followed by Trt3 (21.417) and Trt6  

					(20.083), which did not differ significantly in their performance.  

					However, all the treatments gave better cowpea leaf numbers than  

					those treated with M. phaseolina (8.833). The study further showed  

					that Trichoderma has significant antifungal potential against M.  

					phaseolina, which causes charcoal root/stem rot in cowpeas. Poveda 42  

					revealed that Trichoderma species can effectively manage their target  

					fungal species through a variety of specific mechanisms. These  

					mechanisms include the production of enzymes that degrade fungal  

					cell walls, the release of secondary metabolites that inhibit fungal  

					growth, and the establishment of competitive interactions that limit the  

					resources available to pathogenic fungi, which cluster around the plant  

					rhizosphere. Such multifaceted approaches highlight the ecological  

					significance of Trichoderma in sustainable agriculture and plant health  

					management. The spore suspension culture of T. asperellum Tric4, T.  

					asperellum Tric12, and T. asperellum Tric13 tested showed high  

					antifungal activity against M. phaseolina artificially inoculated into  

					the cowpea planting soil.  

					The synergistic ability of the different Trichoderma strains was proven  

					in the performance of the cowpea, where the combination of T.  

					asperellum Tric4, T. asperellum Tric12, and T. asperellum Tric13  

					gave higher cowpea biomass in the cowpea stem girth and leaf number  

					than in the cowpea treated with a single strain of Trichoderma. The  

					lower performance of the cowpea plant height observed in cowpea  

					treated with combined Trichoderma strains in comparison with the  

					single Trichoderma application might have resulted from increased  

					Trichoderma PGPS (plant growth promoting substances) due to the  

					combination of multiple Trichoderma strains, which, according to the  

					43  

					44,  

					findings of Nieto-Jacobo et al.  

					and Guzman-Guzman et al.,  

					reduces internode length, leading to shorter plants. This result agrees  

					45  

					with the findings of the report of Napolitano et al., which showed  

					the effectiveness of Trichoderma-based bioformulation from two  

					different Trichoderma strains in managing Fusarium oxysporum,  

					Sclerotinia sclerotiorum, Botrytis cinerea, and Aspergillus sp.  

					Measurement of Disease incidence and severity  

					The effects of pre-planting Trichoderma asperellum bioformulation on  

					the incidence and severity of Macrophomina phaseolina fungal  

					disease in cowpea were investigated and recorded. Figure 1 shows the  

					ability of Trichoderma to reduce the incidence of disease caused by M.  

					phaseolina in the cowpea plants treated with different Trichoderma  

					formulations. The disease incidence assessment shows that all the  
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					treated cowpeas had a lower incidence than the untreated cowpea  

					(pathogen alone – control 1), which had a 100% incidence. The  

					cowpea treated with Trt3 and Trt7 had a 0% disease incidence, and the  

					cowpea treated with Trt2, Trt4, and Trt6 had a 33% incidence.  

					Meanwhile, the cowpea treated with Trt1 and Trt5 had a 67% disease  

					incidence. Figure 2 shows Trichoderma's potential to lessen the  

					severity of disease triggered by M. phaseolina in the cowpea plants  

					treated with different Trichoderma formulations. The disease severity  

					assessment shows that all the treated cowpeas had a lower severity  

					than the untreated cowpea (pathogen alone – control 1), which had a  

					100% severity. The cowpea treated with Trt3 and Trt7 had a 0%  

					disease severity, and the cowpea treated with Trt4 and Trt6 had a 10%  

					severity, and Trt5 had a 25% severity. Meanwhile, the cowpea treated  

					with Trt1 had a 50% disease severity.  

					The single application of the Trichoderma strains proved effective in  

					controlling M. phaseolina. This suggests that single or combined  

					Trichoderma forms could effectively manage the disease. The  

					untreated control cowpea showed significantly high disease severity,  

					ranging from chlorosis, wilting, and dark colouration in the root and  

					lower shoots in the early disease stage and total cowpea plant death at  

					the latter stage during the growth and development stage, thus causing  

					loss of biomass in the cowpea plants. These disease symptoms may be  

					implicated in substantial pre-harvest cowpea loss, affecting their yield  

					which provided the Macrophomina phaseolina stock culture for this  

					research.  
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