



In vitro evaluation of Trichoderma spp. biosynthesized silver nanoparticles against Fusarium oxysporum f. sp. udum causing wilt of Pigeonpea
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ABSTRACT

	Pigeonpea wilt disease caused by Fusarium oxysporum f. sp. udum is one of most devasting  disease. Biological control methods, especially those involving antagonist fungi such as Trichoderma spp., are gaining importance due to their eco-friendly and sustainable nature. Nanotechnology involves designing and applying materials at the nanoscale. The use of fungi to create nanoparticles in nanotechnology is called mycosynthesis. Silver nanoparticles, known for their large surface area, antimicrobial and optical properties & can be synthesized through biological techniques using Trichoderma harzianum and Trichoderma koningii. In this experiment, isolation of test pathogen done through tissue isolation technique and pathogenicity was proved using sick soil method. In in vitro efficacy of Trichoderma spp. biosynthesized silver nanoparticles at different concentrations (250 ppm, 500 ppm, 750 ppm and 1000 ppm) as well as their culture filtrates at 500 ppm were evaluated by poisoned food technique, against Fusarium oxysporum f. sp. udum causing wilt of pigeonpea. The results showed that, the Trichoderma harzianum silver nanoparticles @ 750 ppm was most effective with least mycelial growth (34.6 mm) and significantly highest mycelial inhibition (61.55 %), followed by Trichoderma koningii silver nanoparticles @ 1000 ppm (42.16 mm and 53.14%), T. harzianum silver nanoparticles @ 750 ppm (49.66 mm and 44.81 %),T. koningii silver nanoparticles @ 750 ppm (57.30 mm and 36.32 %),T. harzianum silver nanoparticles @ 500 ppm (61.36 mm and 31.81 %) and T. koningii silver nanoparticles @ 500 ppm (65.66 mm and 27.03 %), respectively over control.
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1. INTRODUCTION
“Pigeonpea (Cajanus cajan (L.) Millsp), also known as arhar or tur, is a vital legume crop widely cultivated in semi-arid and tropical regions for its drought resistance, soil-enriching capabilities and high protein content, particularly in vegetarian diets in India” (Singh and Kumar., 2025). “As the world’s leading producer, India relies heavily on pigeonpea for food security and sustainable agriculture” (Anonymous, 2024). “However, the crop is susceptible to over 100 pathogens, but Fusarium wilt being among the most destructive soil-borne diseases” (Nene et al., 1989).To resolve this problem, scientists are exploring alternative methods that are environment friendly or encouraging the rise of even more resistant strains. This has led to a transition towards innovative production techniques, mainly involving biological approaches rooted in the principles of nano-biotechnology.
Biological control agents like Trichoderma spp. are known for their antagonistic activity against pathogens via mechanisms such as mycoparasitism and antibiotic production. Recently, nanotechnology, especially the biosynthesis of metal nanoparticles (silver) using Trichoderma has emerged as an eco-friendly alternative to chemical pesticides, offering promising antimicrobial properties and sustainable disease management.
[bookmark: _GoBack]“Silver nanoparticles are well known for their significant properties such as large surface area, antimicrobial and optical properties. It can be produced through physical, chemical or biological techniques. Some of the micro-organisms help to remove the toxic metals by converting it to metal ions, as long as the micro-organisms themselves aren’t harmful. Fungi are especially favoured by nanotechnologists because they have several benefits over bacteria, yeast, actinomycetes, plants and chemical methods” (Devi et al., 2013).Biological systems have unique qualities for composing nanomaterials with specific properties. Considering the importance, this study aims to explore potential of combining nanotechnology with bio- control agents as an eco-friendly and effective approach in plant disease management.
2. material and methods 
2.1 Collection and isolation of test pathogen
Infected plant showing typical wilt symptoms were collected from the farmer’s field in Latur district. The fungi was isolated on PDA by using tissue isolation technique and purified by hyphal tip method (Leslie & Summerell, 2008). 
2.2 Pathogenicity Test
Pathogenicity test was confirmed on pigeonpea variety ICP-2376 using sick soil method, fulfilling the Koch’s postulates.
2.3 Source of Trichoderma spp.
For the purpose of producing nanoparticles, Trichoderma harzianum and Trichoderma koningii were available at the Department of Plant Pathology, College of Agriculture, Latur.
2.4 Production of biomass of Trichoderma spp.
Seven days old pure culture of Trichoderma harzianum and Trichoderma koningii were inoculated in 250 ml conical flasks containing 100 ml of potato dextrose broth (PDB) and the culture flasks were incubated at 27±1ºC. The mixtures were then placed in 150 rpm rotating shaker at 28ºC for 72 hrs. The biomasses were harvested through sterilized Whatman No.1 filter paper. After harvesting of biomass, the culture filtrates were used for the synthesis of silver nanoparticles.
2.5 Biosynthesis of Silver Nanoparticles
In typical biosynthesis of silver nanoparticles, 50 ml of aqueous solution of 1mM silver nitrate (AgNO3) was treated with 50 ml of Trichoderma culture filtrate for the extracellular synthesis of silver nanoparticles in a 250 ml conical flask. The whole mixture was incubated at room temperature for 24 hrs. The colour change of silver nitrate from colourless to brown colour indicates the formation of silver nanoparticles through reduction of silver ionic forms (Ag+) to Ag0


2.6 Antifungal activity of silver nanoparticles
The suspension of silver nanoparticles was used to evaluate the antifungal activity against Fusarium oxysporum f. sp. udum using poisoned food technique (Nene and Thapliyal,1993) by utilizing PDA as a base culture medium. Biosynthesized silver nanoparticles were tested at 250, 500, 750 and 1000 ppm concentrations and their respective culture filtrate at 500 ppm. The medium was poured into a 9 cm Petri plate in an amount of 20 ml. A control was maintained without nano silver and with their culture filtrate untreated control. A 5 mm mycelial disc containing a pathogen was inoculated in the centre and incubated at 23 ±1°C until the control plate showed full growth. For every treatment, three replications were maintained.

List 1. Treatment details
	Tr. No.
	Treatments details
	Tr. No.
	Treatments details

	T1
	Trichoderma harzianum AgNPs @ 250 ppm
	T7
	Trichoderma koningii AgNPs @ 750 ppm

	T2
	Trichoderma harzianum AgNPs @ 500 ppm
	T8
	Trichoderma koningii AgNPs @ 1000 ppm

	T3
	Trichoderma harzianum AgNPs @ 750 ppm
	T9
	T. harzianum culture filtrate @ 500 ppm

	T4
	Trichoderma harzianum AgNPs @ 1000 ppm
	T10
	T. koningii culture filtrate @ 500 ppm

	T5
	Trichoderma koningii AgNPs @ 250 ppm
	T11
	Control

	T6
	Trichoderma koningii AgNPs @ 500 ppm
	
	



Radial mycelial growth/ colony diameter of the test isolates were recorded at an interval of 24 hrs. and continued till untreated control plates were fully covered with mycelial growth of the test pathogen. The per cent inhibition of mycelial growth was calculated using the formula given by Vincent (1947).
          C - T
Per cent disease inhibition (I) = ------------------------ X 100
             C
Where,
 I = Per cent disease inhibition
C =Growth of the test fungus in untreated control plates
T = Growth of the test fungus in treated plates
2.7 Statistical Analysis
The data obtained in all the experiments (in vitro) were statistically analyzed. The  standard  error  (S.E)  and  critical difference  (C.D)  at  1%  level  significance  were worked out. The per cent data were transformed into Arc sine values before statistical analysis (Panse and Sukhatme, 1978).

3. RESULTS AND DISCUSSION
The test pathogen, Fusarium oxysporum f. sp. udum, was isolated from infected root tissues exhibiting characteristic wilt symptoms collected from the field. Isolation was carried out using the standard tissue isolation technique on potato dextrose agar (PDA) medium and incubated at 27 ± 2 °C for seven days. After the incubation period, the pathogen initially developed a white, mycelial colony. A pure culture was obtained through the single hyphal tip method and maintained on PDA slants at 25 °C in a BOD incubator for further use as needed.
The pathogenicity of Fusarium oxysporum f. sp. udum was confirmed through the sick soil method under screen house conditions using pot culture. Seeds of the pigeonpea variety ICP-2376 were sown in infested soil. Typical wilt symptoms were developed and the pathogen was consistently re-isolated from the artificially infected plants. The fungal culture obtained from these plants exhibited morphological characteristics identical to those of the original isolate from naturally infected pigeonpea samples. These results fulfilled Koch’s postulates, thereby confirming the pathogenic nature of Fusarium oxysporum f. sp. udum.
Similar results regarding isolation and pathogenicity were reported by several scientists viz., Parmar and Kathiria (2015) Avinash et al.,(2019) and Rohidas (2024). Avinash et al., (2019) studied that, the isolation of Fusarium udum was carried out from infected root part of the plant using tissue isolation technique. And also the isolated pathogen was subjected to pathogenicity test under green house condition using sick soil method.
In in vitro evaluation, the results (Table 1, Fig.1 and Plate 1) showed that, culture filtrates of Trichoderma harzianum and Trichoderma koningii, were treated with silver nitrate solution at concentrations of 250, 500, 750 and 1000 ppm, as well as their culture filtrates at 500 ppm, were tested in the laboratory using the poisoned food technique. 
Results revealed that, all the treatments of biosynthesized silver nanoparticles at all different concentration were significant over the control in recording inhibition zone of Fusarium oxysporum f. sp. udum. In this method, Trichoderma harzianum silver nanoparticles @ 1000 ppm  were found most effective with least mycelial growth (34.6 mm) and significantly highest mycelial inhibition (61.55 %), followed by T. koningii silver nanoparticles @ 1000 ppm reported mycelial growth 42.16 mm and inhibition percentage 53.14%, T. harzianum silver nanoparticles @ 750 ppm (49.66 mm and 44.81%),T. koningii silver nanoparticles @ 750 ppm (57.30 mm and 36.32 %), T. harzianum silver nanoparticles @ 500 ppm (61.36 mm and 31.81 %) and T. koningii silver nanoparticles @ 500 ppm (65.66 mm and 27.03 %), respectively over control.
It showed that, silver nanoparticles from Trichoderma species were more effective in suppressing the growth of Fusarium oxysporum f.sp. udum as their concentration increased. The greatest inhibition of fungal colonies was recorded at the highest concentration of 1000 ppm.
Table 1: In vitro evaluation of Trichoderma spp. biosynthesized silver nanoparticles against Fusarium oxysporum
              f. sp. udum causing wilt of pigeonpea using Poisoned food technique 
	Tr. No.
	Treatment at different conc.
	Colony diameter* (mm)
	% Inhibition*

	T1
	T. harzianum AgNPs @ 250 ppm
	68.73
	23.63 (29.08)**

	T2
	T. harzianum AgNPs @ 500 ppm
	61.36
	31.81 (34.33)

	T3
	T. harzianum AgNPs @ 750 ppm
	49.66
	44.81 (42.02)

	T4
	T. harzianum AgNPs @ 1000 ppm
	34.6
	61.55 (51.67)

	T5
	T. koningii AgNPs @ 250 ppm
	72.93
	18.96 (25.81)

	T6
	T. koningii AgNPs @ 500 ppm
	65.66
	27.03 (31.32)

	T7
	T. koningii AgNPs @ 750 ppm
	57.30
	36.32 (37.06)

	T8
	T. koningii AgNPs @ 1000 ppm
	42.16
	53.14 (46.80)

	T9
	T. harzianum culture filtrate @ 500 ppm
	75.93
	15.62 (23.27)

	T10
	T. koningii culture filtrate @ 500 ppm
	77.13
	14.29 (22.21)

	T11
	Control
	90
	

	
	S. E.
	0.43
	-

	
	C.D. 1%
	1.72
	-














*: Mean of three replications, ** Figures in the parentheses are arc sine values

These results were in consonance with those of Javed and Naser (2017), Kaman and Datta (2018), Jaiswal et. al., (2019), Zaki et al., (2022) and Ardad (2024).
Javad and Naser (2017) observed the efficacy of silver nanoparticles (AgNPs) against the Fusarium  oxysporum by poisoned food technique and showed the highest colony inhibition at 5000ppm, followed by 2500ppm and 1000ppm, respectively. Kaman and Dutta (2018) proved fungicidal activity of silver nanoparticles at different concentrations 
(100 ppm, 50 ppm, 30 ppm, and 10 ppm) against four soil borne plant pathogens viz., Rhizoctonia solani, Fusarium oxysporum, Sclerotinia sclerotiorum and Sclerotium rolfsii and showed that, the silver nanoparticles at 100 ppm showed significantly higher efficacy in inhibiting mycelial growth of the pathogens. Jaiswal et al.,(2019) studied the antifungal effects of silver nanoparticles from Trichoderma species at conc. 250, 500 and 750 against Fusarium oxysporum f. sp. capsici using poisoned food technique and found the lowest mycelial growth (20.23 mm) and highest inhibition (77.52%) with Trichoderma harzianum @750 ppm.
Zaki et al. (2022) found that, silver nanoparticles (AgNPs) showed antifungal activity in vitro against R. solani (RS9), F. fujikuroi (FF10) and M. phaseolina (MP4). As the AgNPs concentration increased, fungal mycelial growth was decreased. All tested concentrations reduced fungal growth compared to the control, with the 100 μg/ml dose being the most effective reducing growth by 75% for RS9, 55.6% for FF10 and 53.7% for MP4.
Ardad (2024) evaluated the different concentrations of Trichoderma harzianum silver nanoparticles at 100 ppm, 250 ppm and 500 ppm. T. harzianum silver nanoparticles at 500 ppm were found to be the most effective in this study, with the least amount of mycelial growth (59.50mm) and the highest amount of mycelial inhibition (35.55%).These were followed by silver nanoparticles at 250 ppm (59.00 mm and 34.44 %) than other concentration.
              


Fig. 1: In vitro evaluation of Trichoderma spp. biosynthesized silver nanoparticles against Fusarium          
oxysporum f. sp. udum causing wilt of  pigeonpea using Poisoned food technique
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Plate 1: In vitro evaluation of Trichoderma spp. biosynthesized silver nanoparticles against Fusarium          
oxysporum f. sp. udum causing wilt of  pigeonpea using Poisoned food technique
4. Conclusion
Silver nanoparticles synthesized using Trichoderma harzianum and Trichoderma koningii at various concentrations were found to be effective against Fusarium wilt under in vitro conditions. Silver nanoparticles synthesized by Trichoderma harzianum at 1000 ppm were found to be the most effective in controlling Fusarium wilt in pigeonpea. It was observed that, the antifungal effectiveness of silver nanoparticles increased with higher concentrations, resulting in greater inhibition of fungal mycelial growth. The study concludes that, Trichoderma mediated biosynthesis of AgNPs offers an environment friendly and effective strategy for managing Fusarium wilt in pigeonpea and enhancing plant health or growth.
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Colony diameter	T. harzianum AgNPs @ 250 ppm	T. harzianum AgNPs @ 500 ppm	T. harzianum AgNPs @ 750 ppm	T. harzianum AgNPs @ 1000 ppm	T. koningii AgNPs @ 250 ppm	T. koningi AgNPs @ 500 ppm	T. koningii AgNPs @ 750 ppm	T. koningii AgNPs @ 1000 ppm	T. harzianum culture filtrate @ 500 ppm	T. koningii culture filtrate @ 500 ppm	Control	68.73	61.36	49.660000000000011	34.6	72.930000000000007	65.66	57.3	42.160000000000011	75.930000000000007	77.13	90	% Inhibition	T. harzianum AgNPs @ 250 ppm	T. harzianum AgNPs @ 500 ppm	T. harzianum AgNPs @ 750 ppm	T. harzianum AgNPs @ 1000 ppm	T. koningii AgNPs @ 250 ppm	T. koningi AgNPs @ 500 ppm	T. koningii AgNPs @ 750 ppm	T. koningii AgNPs @ 1000 ppm	T. harzianum culture filtrate @ 500 ppm	T. koningii culture filtrate @ 500 ppm	Control	23.630000000000031	31.810000000000031	44.81	61.55	18.959999999999987	27.03	36.32	53.14	15.62	14.29	0	
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