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ABSTRACT 

Soybean, categorized as an oilseed crop rather than a pulse, is often referred to as the “golden” or 

“miracle” crop due to its significant contribution to India’s oilseed economy. However, seed-borne 

pathogens pose a major constraint in soybean cultivation by adversely affecting seed germination and 

crop establishment. These pathogens cause seed rot and seedling mortality, leading to poor plant stand, 

reduced growth, and ultimately lower productivity. The present investigation was undertaken to evaluate 

the in vitro efficacy of silver and copper nanoparticles against two major seed borne pathogens of 

soybean, namely Fusarium oxysporum and Macrophomina phaseolina with the objective of developing a 

sustainable disease management strategy. The laboratory experiment was conducted using the poisoned 

food technique under a completely randomized design with three replications. Among the treatments, 

silver nanoparticles at 100 ppm were found to be the most effective, recording mycelial inhibition of 

(68.88%) and (65.18%), against F. oxysporum and M. phaseolina, respectively. 
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Introduction 

 Soybean (Glycine max) is a major global oilseed 

crop, valued for its high protein (42%), oil content 

(20%), and health-promoting compounds like 

isoflavones and omega-3s” (Masuda and Goldsmith 

2009). Soybean belongs to the family Fabaceae and 

grows under warm and moist climate during kharif 

season. More than 100 pathogens have been reported to 

infect soybean, of which nearly 35 are considered 

economically significant (Sinclair and Backman, 1989; 

Gupta, 2001). In most soybean-growing regions, 

disease incidence results in yield losses ranging from 

10 to 30% (Sinclair, 1994). Seed-borne pathogens are 

responsible for substantial reductions in both seed 

quality and quantity and adversely affect germination 

and seedling vigour in soybean. These pathogens are 

associated with a range of diseases, including seed rot, 

seedling blight, bacterial pustule, root and stem rot, 

foliar infections, and pod blight (Agarwal et al., 1974). 

 Seed borne diseases not only affect the standard of 

the seed but also reduce potential crop production. 

Annual yield losses due to soybean diseases are 

estimated at approximately 12% of total production, 

with fungal pathogens alone accounting for 6–8% 

losses (Sarbhoy and Vishwadhar, 1992). Soybean 

serves as a host to numerous seed-borne fungal 

pathogens, many of which are efficiently transmitted 

through infected seeds. These pathogens impair seed 

germination and seedling vigour and are responsible 

for several important diseases, including anthracnose 
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(Colletotrichum truncatum), Rhizoctonia root rot 

(Rhizoctonia solani), Phomopsis seed decay 

(Phomopsis sojae), charcoal rot (Macrophomina 

phaseolina), Myrothecium leaf spot (Myrothecium 

roridum), Alternaria leaf spot (Alternaria alternata), 

and purple seed stain (Cercospora kikuchii) (Pawar et 

al., 2015). 

 The application of nanoparticles in agriculture has 

emerged as a promising approach with considerable 

potential to enhance crop management practices over 

the long term. Rapid advancements in nanotechnology, 

particularly involving metal and metal oxide 

nanoparticles, have been driven by their extensive use 

across various industrial sectors, making it one of the 

fastest-growing areas of science and technology. 

Owing to their extremely small size, nanoparticles 

possess a high surface area, which leads to significant 

alterations in their physical, chemical, and biological 

properties. Their reduced size also allows lower 

application rates while improving penetration and 

targeted delivery to specific sites. Nanotechnology has 

facilitated the development of novel delivery systems 

and advanced agrochemicals, enabling increased 

agricultural productivity alongside reduced pesticide 

usage. The use of nanostructured fertilizers and 

pesticides offers a means to enhance crop yield 

efficiency while minimizing reliance on conventional 

plant protection chemicals. The continuous use of 

chemical fungicides poses environmental and health 

concerns, necessitating the development of eco-

friendly alternatives. The present study aimed to 

evaluate the in vitro antifungal activity of green 

synthesized nanoparticles against two major seed-

borne pathogens of soybean. 

Material and Methods 

 The laboratory experiments for the present 

investigation were conducted in the Department of 

Plant Pathology and Microbiology, Post Graduate 

Institute, Mahatma Phule Krishi Vidyapeeth, Rahuri. 

The efficacy of silver and copper nanoparticles were 

evaluated under in vitro at concentrations of 25, 50, 75 

and 100 ppm by using poisoned food technique 

(Sukhwal et al., 2014). Double strength PDA medium 

was prepared by doubling the amount of constituents 

except distilled water and the medium was sterilized at 

15-20 psi pressure for 20 minutes. Simultaneously, 

different concentrations of silver and copper 

nanoparticles were also prepared in sterilized distilled 

water to get desired concentration of AgNPs and 

CuNPs after mixing the AgNPs and CuNPs solutions in 

the double strength media in the 250 ml flask. The 

PDA added with the AgNPs and CuNPs were shaken 

well to mix thoroughly and then poured in the Petri 

plates and allowed to solidify. A small culture bit of 4 

mm size of the test pathogen cut with a sterile cork 

borer was picked up with the help of sterilized 

inoculation needle and placed in the center of each Petri 

plate under aseptic conditions in the laminar air flow. 

Petri plates poured with double strength PDA and 

inoculated with the pathogen served as control. Each 

concentration of silver and copper nanoparticles were 

replicated three times under Completely Randomized 

Design (CRD) and Petri plates were incubated at 27 ± 

10
0
 C for a period of 7 days after which growth of 

mycelium was measured and per cent inhibition 

calculated by formula given by Vincent (1947). 

100
C

TC
 inhibitioncent Per 


  

Where, C = Growth of the test fungus in untreated 

control plates. 

            T = Growth of the test fungus in treated plates 

Experimental Details: 

Treatments : Nine (9) 

Replication : Three (03) 

Design  : Completely Randomize Design (CRD) 

Treatment details:  

T1  :  Silver Nanoparticles (AgNPs) @ 25 ppm 

T2  :  Silver Nanoparticles (AgNPs) @ 50 ppm 

T3  :  Silver Nanoparticles (AgNPs) @ 75 ppm 

T4  :  Silver Nanoparticles (AgNPs) @ 100 ppm 

T5  :  Copper nanoparticles (CuNPs) @ 25 ppm 

T6  :  Copper nanoparticles (CuNPs) @ 50 ppm 

T7  :  Copper nanoparticles (CuNPs) @ 75 ppm 

T8  :  Copper nanoparticles (CuNPs) @ 100 ppm 

T9  :  Control 

Results and Discussion 

In vitro efficacy of silver nanoparticles (AgNPs) and 

copper nanoparticles (CuNPs) on radial growth of 

Fusarium oxysporum  

 The in vitro efficacy of green synthesized silver 

nanoparticles (AgNPs) and copper nanoparticles 

(CuNPs) revealed a significant inhibitory effect on 

mycelial growth of the Fusarium oxysporum (Table 1 

Figure 1 and Plate 1).  

Table 1: In vitro efficacy of silver nanoparticles 

(AgNPs) and copper nanoparticles (CuNPs) on radial 

growth of Fusarium oxysporum  

Tr. 

No. 
Treatments 

Mean colony 

diameter (mm) 

Per cent 

growth 

inhibition 

T1 AgNPs @ 25 ppm 63.33 29.63 

T2 AgNPs @ 50 ppm 54.67 39.25 
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T3 AgNPs @ 75 ppm 43.67 51.47 

T4 AgNPs @ 100 ppm 28.00 68.88 

T5 CuNPs @ 25 ppm 67.00 25.55 

T6 CuNPs @ 50 ppm 57.33 36.30 

T7 CuNPs @ 75 ppm 47.33 47.41 

T8 CuNPs @ 100 ppm 34.00 62.22 

T9 Control 90.00 0.00 

 
S.E(m) ± 0.57 - 

CD @ 1 % 2.31 - 
 

 The result revealed that all nanoparticles’ 

treatments resulted in a statistically significant 

reduction in mean colony diameter, indicating a dose-

dependent response. Among the silver nanoparticle 

treatments, AgNPs @ 100 ppm (T₄) recorded the 

minimum mean colony diameter (28.00 mm) and the 

maximum per cent growth inhibition (68.88%), which 

was significantly superior to all other treatments. This 

was followed by AgNPs @ 75 ppm (T₃) with a mean 

colony diameter of 43.67 mm and 51.47% growth 

inhibition, and AgNPs @ 50 ppm (T₂) showing 

39.25% inhibition. The lowest inhibition among AgNP 

treatments was observed at 25 ppm (T₁) with 29.63% 

growth inhibition.  

 In the copper nanoparticle treatments, CuNPs @ 

100 ppm (T₈) exhibited the highest antifungal activity 

with a mean colony diameter of 34.00 mm and 62.22% 

growth inhibition, followed by CuNPs @ 75 ppm (T₇) 

and CuNPs @ 50 ppm (T₆), which recorded 47.41% 

and 36.30% growth inhibition, respectively. The least 

inhibition among CuNP treatments was observed at 25 

ppm (T₅) with 25.55% growth inhibition. The control 

treatment (T₉) recorded the maximum colony diameter 

(90.00 mm) with no growth inhibition, confirming the 

efficacy of nanoparticle treatments. 

 

 

Fig. 1: Effects of silver and copper nanoparticles 

against Fusarium oxysporum 

 

Plate 1: Effects of silver and copper nanoparticles 

against Fusarium oxysporum 

 

In vitro efficacy of silver nanoparticles (AgNPs) and 

copper nanoparticles (CuNPs) on    radial growth of 

Macrophomina phaseolina 

            The efficacy of green synthesized silver 

nanoparticles (AgNPs) and copper nanoparticles 

(CuNPs) against Macrophomina phaseolina was 

assessed under in vitro conditions. The result is 

presented in Table 2 Plate 2 and Figure 2. Results 

revealed that all nanoparticle treatments exhibited a 

statistically significant reduction in mean colony 

diameter, indicating a concentration-dependent 

inhibitory effect on fungal growth. Among the silver 

nanoparticle treatments, AgNPs @ 100 ppm (T₄) 

recorded the minimum mean colony diameter of 31.33 

mm with the maximum per cent growth inhibition of 

65.18%, and was found to be statistically superior over 

all other treatments. This was followed by AgNPs @ 

75 ppm (T₃), which resulted in a colony diameter of 

46.00 mm and 48.00% growth inhibition, and AgNPs 

@ 50 ppm (T₂) with 36.66% inhibition. The lowest 

inhibition among AgNP treatments was observed at 25 

ppm (T₁), recording 27.03% growth inhibition.  

            In the copper nanoparticle treatments, CuNPs 

@ 100 ppm (T₈) was the most effective treatment, 

recording a mean colony diameter of 36.00 mm and 

60.00% growth inhibition, followed by CuNPs @ 75 

ppm (T₇) and CuNPs @ 50 ppm (T₆) with 44.81% and 

31.47% growth inhibition, respectively. The least 

inhibitory effect among CuNP treatments was observed 

at 25 ppm (T₅), which recorded 21.47% growth 

inhibition. 
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Table 2: In vitro efficacy of silver nanoparticles 

(AgNPs) and copper nanoparticles (CuNPs) on radial 

growth of Macrophomina phaseolina 

Tr. 

No. 
Treatments 

Mean colony 

diameter 

(mm) 

Per cent 

growth 

inhibition 

T1 AgNPs @ 25 ppm 65.67 27.03 

T2 AgNPs @ 50 ppm 57.00 36.66 

T3 AgNPs @ 75 ppm 46.00 48.00 

T4 AgNPs @ 100 ppm 31.33 65.18 

T5 CuNPs @ 25 ppm 70.67 21.47 

T6 CuNPs @ 50 ppm 61.67 31.47 

T7 CuNPs @ 75 ppm 49.67 44.81 

T8 CuNPs @ 100 ppm 36.00 60.00 

T9 Control 90.00 0.00 

 
S.E(m) ± 0.42 - 

CD @ 1 % 1.69 - 
 

           Several researchers have demonstrated that 

silver and copper nanoparticles are highly effective in 

suppressing plant pathogenic fungi, and their activity 

increases with concentration. Kim et al. (2012) who 

reported that silver nanoparticles applied at 10–100 

ppm were effective against eighteen different plant 

pathogenic fungi, with the highest inhibition observed 

at 100 ppm, particularly on potato dextrose agar. 

Similarly, Teimoori et al. (2017) also reported 

antifungal activity of silver nanoparticles synthesized 

using Amaranthus retroflexus leaf extract, 

demonstrating the potential of green synthesis 

approaches in plant disease management. The 

antifungal activity of the biosynthesized AgNPs was 

assessed using a modified poisoned food technique, 

wherein different concentrations of AgNPs (50, 100, 

200 and 400 mg ml
-1

) were incorporated into 

autoclaved culture media prior to solidification. This 

method ensured uniform dispersion of nanoparticles 

within the growth medium and allowed direct 

interaction between the fungal mycelium and AgNPs. 

The results revealed a significant inhibition of mycelial 

growth of Macrophomina phaseolina, Alternaria 

alternata and Fusarium oxysporum, with the degree of 

inhibition increasing progressively with increasing 

AgNP concentration. This dose-dependent response 

clearly indicates that higher concentrations of AgNPs 

exert stronger antifungal effects, likely due to 

increased availability of active nanoparticle surfaces 

interacting with fungal cells.         

 More recently, Ashraf et al. (2025) investigate the 

antifungal properties of silver nanoparticles at various 

concentrations in controlling Fusarium wilt for tomato 

crop improvement under laboratory, greenhouse, and 

field conditions and reported that antifungal activity of 

AgNPs against Fusarium oxysporum, with 80.9–95.4% 

inhibition at 150 µg/mL under laboratory conditions. 

Overall, these studies clearly indicate that both silver 

and copper nanoparticles exhibit strong, concentration 

dependent antifungal activity and can effectively 

control the fungal pathogens. 

 Some other researcher also finding similar 

findings such as, Elumalai and Vinothkumar (2013), 

Shende et al. (2016) and Shikha et al. (2023). 

 

Fig. 2: Effect of silver and copper nanoparticles 

against Macrophomina phaseolina 

 

Plate 2: Effects of silver and copper nanoparticles on 

Macrophomina phaseolin 

Conclusion 

 The antifungal activity of silver nanoparticles 

(AgNPs) and copper nanoparticles (CuNPs) were 

evaluated under in vitro conditions against two major 

seed borne pathogens of soybean. The result revealed 

that both nanoparticles significantly inhibited mycelial 

growth in a dose-dependent manner. Among the 

treatments silver nanoparticles at 100 ppm exhibited 

slightly greater inhibitory activity as compared to 

copper nanoparticles.  
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