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Abstract
Newly biosynthesized metallic nanoparticle with antimicrobial characteristic attracted its demand in the field of disease

management. The present study deals with the synthesis of silver nanoparticle using the extract Aspergillus flavus CR500

under the presence of sunlight. The characterization via scanning and transmission electron microscope revealed their size

distribution ranges from 60 to 130 nm with a high content of Ag, confirmed by energy dispersive X-ray spectroscopic

analysis. X-ray diffraction and Fourier transform infrared analysis exposed the crystalline nature and active functional

group availability on silver nanoparticle (AgNPs). Photobiosynthesized AgNPs have high antimicrobial property and

completely inhibited the growth of plant pathogenic fungi Rhizoctonia solani GPB and Sclerotium rolfsii at the concen-

tration of 150 and 300 lg/L respectively. AgNPs exposure increases the lipid peroxidation (via reactive oxygen species

production) in R. solani and S. rolfsii, might be a primary cause of AgNPs toxicity to fungal cell. However, fungal cell

responded to oxidative stress caused by AgNPs by increasing the catalase and peroxidase activity. In order to assess the

AgNPs applicability in seed protection and its impact on germination, growth and development of the crop, Cicer

arietinum and Vigna radiata seeds were used for growth and germination assay under AgNPs exposure.
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Introduction

In recent year, the demand of newly synthesized silver

nanoparticles (AgNPs) has been significantly increased for

the application in the agricultural and industrial sectors.

The antimicrobial (antibacterial, antifungal and antiviral

activity) property of AgNPs is major cause of considerable

attraction for its potential use in controlling the bacterial,

fungal and viral pathogen in medical, industrial and agri-

culture field [1–4]. These days agriculture being challenged

due to insect and pathogen (fungi and bacteria) attack [5]

and the ability to adopt the stress conditions, the pathogens

adopted resistance against traditional pesticides resulting

spectacular crop loss [6, 7]. Chemical pesticide is also eco-

destructive, persistent in nature, affect to soil micro-biota

and causes number of human health issues. In this regards,

there is need of novel strategies to control the pathogen and

improve agriculture productivity. The implementation of

nanoparticle in the agriculture sector is believed as navel

strategies to deal with plant pathogen that will transform

agricultural performance and help to improve crop pro-

ductivity [5].

The chemical based synthesis of metallic nanoparticle is

associated with number of disadvantages at all the stages

due to applying toxic chemically originated organic sol-

vents, reducing agents, and stabilizers, consequently are

not environmental friendly [3, 8]. However, the green

synthesis of nanoparticle can remove the disadvantages.

The biologically originated bioactive materials from vari-

ous sources such as microbes (bacteria and fungi) and plant

(plant extract) are being utilized for synthesis of AgNPs,

having potential antimicrobial activity [4, 9–12]. Fungal

mediated synthesis of metallic nanoparticle is described to

be more compensation than using bacteria in the processes
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[13]. Fungal species such as Fusarium chlamydosporum,

Penicillium chrysogenum [14], Macrophomina phaseolina

[5], Aspergillus flavus [15] have been reported for their

ability to synthesize AgNPs. Fungi produce reductive

agents such as enzymes and proteins that could operate

reduction of Ag? and synthesizes nanoparticles

[5, 13, 16, 17].

Interestingly, the nanoparticle is an emerging field in the

application as antimicrobial agents, but the antimicrobial

mechanism is still unknown. However, some researchers

have suggested that oxidative stress (reactive oxygen spe-

cies production) generated by AgNPs inside the cell of the

microorganism is the primary cause of its toxicity and

antimicrobial activity [18, 19]. Spagnoletti et al. [5]

reported that AgNPs exposure causes oxidative stress by

generating reactive oxygen species (ROS) in E. coli

resulting in cell death. Similar result was reported in

Phanerochaete chrysosporium and at the lower concen-

tration of AgNPs resultant oxidative stress evoked by

antioxidants response (catalase; CAT, peroxidase; POD,

superoxide dismutase; SOD and glutathione; GSH) while

higher concentration of AgNPs causes cell death [12].

Lipid peroxidation via ROS has also been reported in

algae, higher plant, Zebrafish and rat [20–23].

The present study deals with photobiosynthesis of

AgNPs using the extract of Aspergillus flavus CR500, its

characterization (via SEM–EDS; scanning electron micro-

scope-energy dispersive X-ray spectroscope, TEM; trans-

mission electron microscope, FTIR; Fourier transform

infrared spectroscopy and XRD; X-ray diffraction), and

antifungal activity. To get insights the antifungal mecha-

nism, AgNPs exposed mycelia of selected plant pathogenic

fungi subjected to oxidative stress and antioxidants

response analysis showed considerable changes. To assess

the applicability of AgNPs for seed protection via coating

and also get to know the negative impact of AgNPs on crop

development, its effect on seed germination rate, growth

and biochemical response of the plant was analyzed using

Vigna radiata and Cicer arietinum seeds.

Materials and Method

Photobiosynthesis of AgNPs from Extract
of Aspergillus flavus CR500

The fungus Aspergillus flavus CR500 used for the synthesis

of AgNPs, was previously isolated by Kumar and Dwivedi

[24]. The isolate was periodically sub-cultured on potato

dextrose agar (PDA) (HiMedia, Mumbai, India) plate and

stored at room temperature.

Two hundred mL Potato Dextrose Broth (PDB)

(HiMedia, Mumbai, India) was taken in 500 mL

Erlenmeyer flask. The flask was inoculated with 3 9 107

spore suspension of Aspergillus flavus CR500 and incu-

bated at 28 ± 1 �C in an incubator shaker at 80 rpm. After

seventh day of incubation, the obtained culture was cen-

trifuged at 3000 rpm for 10 min at 4 �C and the super-

natant was employed as extract. The obtained extract

(20 mL) was mixed with an equal amount (20 mL) of

50 mM AgNO3 (Molychem, Mumbai, India) solution pre-

pared in distilled water and equally divided in two vial

tubes. One tube was incubated in dark condition at room

temperature and another vial tube was incubated under

sunlight for 2 h where the temperature was 32 �C and

sunlight 800 Wm-2 which was measured using digital solar

power meter, Kusam-meco (model; KM-SPM-530). After

incubating the mixture under the sunlight, the colour of the

mixture was converted into reddish brown within 10 min

and completely changed in dark reddish black in 2 h of the

reaction time, while no change in colour was observed in

mixture incubated in dark condition up to 2 h of reaction

period. To confirm the AgNPs synthesis, the absorbance of

mixture was scanned using UV–visible spectrophotometer

(Varian: Cary 100 Bio). The obtained mixture (incubated

under sunlight) was centrifuged at 12,000 rpm for 10 min

at 4 �C. The supernatant was discarded and AgNPs was

dried at 40 �C for 10 h and stored at room temperature in a

tightly closed vial tube and to avoid moisture.

Characterization of Synthesized AgNPs

Electron Microscopy Analysis

Electron microscope analysis was carried out using SEM

(JEOL, Japan; model JSM-6490LV) coupled with Energy

dispersive X-ray spectrophotometer (EDS). The oven dried

(40 �C for 10 h) AgNPs was mounted on aluminium studs

using carbon tape and coated with platinum and analyzed

for shape determination. For the TEM analysis, sample was

directly mounted on the Copper grid and the size dimen-

sion of the AgNPs was analysed using transmission elec-

tron microscope (JEOL).

XRD Analysis

To determine the crystalline structure in synthesized

AgNPs, the X-ray diffraction analysis of oven dried AgNPs

(40 �C for 10 h) was performed using Rigaku, X-ray

diffractometer (Model: Mini flex 600).

FTIR Spectroscopy

IR spectrum of the synthesized silver nanoparticles was

analyzed using Fourier transform infrared spectroscopy

(Thermo Scientific Nicole 6700, USA). For the FTIR
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characterization, the sample was mixed with solid KBr

(potassium bromide) uniformly and properly which was

compressed with hydraulic press to form thin transparent

pellets and was used for FTIR analysis. The IR absorbance

of the sample was recorded in the wavelength ranges from

4000 to 400 cm-1 [25].

Antifungal Activity Against Plant Pathogenic
Fungi

Plant Pathogenic Fungi

The plant pathogenic fungus Sclerotium rolfsii was isolated

by Prasad and Dwivedi [26] and periodically sub-cultured

on PDA plate and stored at room temperature. Before use,

the isolate was revived on PDA at least three times.

For the isolation of the fungus Rhizoctonia solani GPB,

the rhizospheric soil of infected maize plant was collected

from Bijanaur, Near BBAU Campus, Lucknow, India

(26�4400500 N and 80�5402300 E). The serial dilution was

made up to 10-3 and 0.1 mL of aliquot of each dilution

was spread on PDA plate separately. To avoid the bacterial

contamination, the plates were amended with 0.1% of

streptomycin and incubated at 28 ± 1 �C in an incubator

for 6 days. The grown fungal colonies were morphologi-

cally analyzed using the microscopic technique with the

help of available literature. For the molecular identifica-

tion, the genomic DNA was isolated using standard phenol/

chloroform extraction method [27] followed by PCR

amplification using universal primers ITS1 [50-
TCCGTAGGTGAACCTGCGG-30] and ITS4 [50-
TCCTCCGCTTATTGATATGC-30] [28]. The purified

PCR product was directly sequenced on an ABI� 3730XL

automated DNA Sequencer (Applied Biosystems, Inc.,

Foster City, CA) as per manufacturer’s instructions. For

identification, the sequenced data were analyzed and

assembled using BLAST (Basic Local Alignment Search

Tool; https://blast.ncbi.nlm.nih.gov/Blast.cgi) NCBI (Na-

tional Center for Biotechnology Information) [29]. To

assess the confidence limits of the branching, bootstrap

analysis was performed. The ITS region sequence was

deposited to NCBI database under accession number

MK621284. The neighbour-joining tree was reconstructed

using a standard parameter of CLUSTAL W (on MEGA X

software) alignment with a gap opening penalty 15 and gap

extension penalty of 6.66 for both pair wise alignment and

multiple alignments [30].

Antifungal Assay

The Antifungal activity was assayed using the plate dilu-

tion method. AgNPs (30, 150, 300, 500 lg/L) amended

PDA medium was poured into 90 mm diameter of Petri

plates separately. AgNPs amended plates were inoculated

with 0.5 cm diameter of seventh-day old culture of Scler-

otium rolfsii and Rhizoctonia solani GPB separately and

the plates were incubated for 6 days at 28 ± 1 �C. The

growth of the colony diameter was measured regularly at

second, fourth and sixth day. The inhibition percentage was

calculated using the following equation.

Ip ¼ R� r

R
� 100 ð1Þ

where Ip: inhibition percentage, R: radial growth of fungal

on without AgNPs amended PDA plate, r: radial growth of

fungal colony on AgNPs amended PDA plate.

Lipid Peroxidation and Antioxidant Response Analysis
in Fungi Grown Under AgNPs Exposure

For the lipid peroxidation, 6 days grown mycelial biomass

was harvested from different concentration of AgNPs (0,

20 and 50 lg/L) amended PDB medium. Melondialdehyde

(MDA), the marker of lipid peroxidation was determined

by following the method explained by Zhang et al. [31].

For the antioxidants response analysis, the activity of

catalase (CAT) [32] and peroxidase (POD) [33] was ana-

lyzed in pathogenic fungi grown in presence of different

concentration of AgNPs.

Effect of AgNPs on V. radiata and C. arietinum

Germination Rate and Growth Test

Vigna radiata and Cicer arietinum seeds were surface

sterilized using 1% sodium hypochloride for 2 min [34].

For germination test, 5 seeds of V. radiata and C. arietinum

were placed at equidistance in Petri plate containing ster-

ilized doubled layered Whatman No. 1 filter paper sepa-

rately. The plates were watered at alternate day with 10 mL

of 500 and 1000 lg/L of AgNPs separately. Control set

was also prepared and watered with sterilized distilled

water. All the treatments were made in triplicates and

incubated for 7 days at room temperature. The length of

shoot and root was measured and the germination rate was

calculated using the following formula [35]:

Germination Rate ¼ Number ofseeds germinated

Total number of seeds
� 100

Estimation of Lipid Peroxidation and Proline Content

The shoot of Vigna radiata and Cicer arietinum was har-

vested from the growth and germination test experiment at

different concentration of AgNPs at seventh day after
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incubation and the lipid peroxidation [36] and proline

content [37] were estimated.

Data Analysis

Evolutionary analysis of isolate GPB was conducted on

MEGA X [30]. Data were analyzed by analysis of variance

(ANOVA) using SPSS software version 20.0 the means of

the data were compared using post hoc test (Duncan

Multiple Range Test; DMRT(P B 0.05)).

Results and Discussion

Characterization of Photobiosynthesized AgNPs

UV–Visible Spectroscopic Analysis

During the initial experiment of the synthesis of AgNPs, no

change in the colour observed in the mixture incubated in

dark condition even after 2 h of incubation period, while

the mixture incubated under sunlight was changed in red-

dish black, the sign of silver nanoparticle synthesis. For the

confirmation of synthesis of AgNPs, the change in the

colour of the sample (incubated under sunlight) from

transparent to dark reddish black colour was scanned in the

spectral band ranged from 350 to 700 nm using UV–visible

spectrophotometer. The appearance of the sharp peak at

405 nm is the indication of AgNPs synthesis (Fig. 2a),

which is due to Surface Plasmon Resonance (SPR) in

synthesized nanoparticles [38, 39]. However, the colour

change due to SPR phenomenon depends on nanoparticle

size, its concentration and reducing material [39, 40].

SEM/EDX Analysis of Silver Nanoparticles

The determination of size and shape of AgNPs were ana-

lyzed by SEM analysis. SEM images showed individual

AgNPs as well as a number of aggregates. The particle size

of the synthesized nanoparticles was about 67–120 nm.

120 nm is dominated above individual cubical particles

(Fig. 1a, b). The shape of the biosynthesized AgNPs was

cubical and spherical with irregular surface. SEM images

showed that the AgNPs are stable and in direct contact.

Aggregated nanoparticles with larger irregular structure

and no well-defined morphology were also found. The

AgNPs synthesis with size ranges from 10 to 40 nm was

reported in Pleurotus ostreatus [41]. Guilger et al. [34]

reported the AgNPs production by Trichoderma harzianum

and determined the average size from 20 to 30 nm with

spherical shape using SEM analysis. In the present study,

the EDX analysis showed a strong peak around 3.0 keV

corresponds to the binding energies of Ag (Fig. 1c) which

indicated that the synthesized nanoparticles were com-

posed of high purity of Ag nanoparticles. The EDX result

also shows the presence of Carbon, Oxygen, Sodium,

Aluminium and Magnesium. Moreover, the weight % of

Ag was recognized 9.80 on EDX analysis that confirmed

the presence of AgNPs in the synthesized nanoparticle. The

presence of Ag in nanoparticles was also reported in syn-

thesized silver nanaoparticles from different sources to

confirm the presence of Ag [34, 42–44].

FTIR Analysis

For the assessment of the possible functional groups pre-

sent on the synthesized silver nanoparticles, the FTIR

analysis was performed. The observed peaks are shown in

Fig. 2b and their assigned functional groups are listed in

Table 1. The peak observed at 3444.7 cm-1 denotes the O–

H and N–H stretching. The strong peak recorded at

1636.2 cm-1 denotes the presence of C=O stretching

[45, 46]. The band at 1382.6 cm-1 denotes the –COOH

stretching. The absorption band at 1092.5 cm-1 represents

to the phosphate group stretching and the band at

609.2 cm-1 assigned to the bending SO2 stretching. The

functional groups such as COOH, C=O, N–H groups pre-

sent in the sample might be responsible for the bioreduc-

tion of Ag? to AgNPs [46, 47]. According to Basavaraja

[48], amino acids and carbonyl group in peptide bond of

protein strongly bind the metal and probably form a coating

on the metal synthesized nanoparticles.

XRD Analysis

The XRD analysis determined the presence of the crys-

talline structure in the synthesized AgNPs. Figure 1d

shows the XRD pattern of prepared AgNPs by the extract

of A. flavus CR500, which shows major peaks at 2h posi-

tions of 24.4�, 37.31� and 64.3� representing the diffraction

plane (222), (111) and (220) respectively [49–51]. These

results revealed the crystalline nature of AgNPs. Similar

result was reported in some recent studies and concluded

the same [49, 50, 52].

TEM Analysis

The morphological and size dimensional characteristic of

prepared silver nanoparticle was done using TEM analysis.

Figure 3a represents the clustered/aggregated particle with

each-other which was due to moisture gaining property of

AgNPs, while Fig. 3b shows the typical image of spherical

single AgNPs with an irregular surface. The size distribu-

tion of AgNPs was 50 to 130 nm found by TEM analysis

which is also supported by SEM analysis. Kumar et al. [53]

reported spherical shaped AgNPs with size dimension of
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10–15 nm, prepared from Andean blackberry fruit extract.

Dhand et al. [42] reported the spherical and ellipsoidal

morphological AgNPs with size ranges from 20 to 150 nm,

prepared using Coffea arabica seed extract. With spherical

shape, smooth surface and average size (105.8 and

228.4 nm) AgNPs production was also reported using the

extract of Calligonum comosum and Fusarium sp. [43].

Effect of AgNPs on Plant Pathogenic Fungi

Molecular Characterization of Pathogenic Fungal Isolate
GPB

The ITS region sequence of Rhizoctonia solani isolate GPB

was determined for phylogenetic analysis. Rhizoctonia

solani isolate GPB showed closest relation with Rhizocto-

nia solani isolate AV4 and R. solani isolate RhCh-14

(Fig. 4). Neighbor-joining tree based on the ITS region

sequence showed that isolate GPB made distinct branch

with closely related species, R. solani isolate AV4 and R.

solani RhCh-14 while the second branch carry R. solani

IQ35, Rhizoctonia sp. AG-Fa, R. solani isolate aqeel3 and

R. solani AG-Fa isolate SPM1 species of the genus Rhi-

zoctonia (Fig. 4).

Antifungal Activity

The biologically synthesized silver nanoparticles showed

excellent antifungal property against the fungus Sclerotium

rolfsii and Rhizoctonia solani GPB. However, the anti-

fungal activity of AgNPs varies with the nature of the

fungus along with the properties of AgNPs such as size and

shape [54]. Antifungal activity of AgNPs also has a close

relation with the formation of pits in the cell wall of fungi

[54]. According to Kim et al. [55], AgNPs affect fungal cell

by attacking their membranes; thus, disrupting the mem-

brane potential and causes cell death. Membrane damage

due peroxidation was also reported in fungi via AgNPs

activity [12] that might be a major cause of AgNPs lead to

cell death.

In the present study, with increase in the concentration

of AgNPs from 30 to 300 lg/L the inhibition percentage of

Fig. 1 a SEM analysis of synthesized AgNPs, b nano particle size distribution based on SEM analysis, c EDX Spectrum of silver nanoparticles

and d XRD analysis of AgNPs
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S. rolfsii was significantly (p B 0.05) increased from 56 to

100% at 6th day after incubation (Fig. 5). However, the

growth of the R. solani was first instantly inhibited by 60%

at 30 lg/L and above 30 lg/L of AgNPs, slow growth

inhibition rate was recorded, which was 68, 75 and 83% at

the concentration of 60, 90 and 120 lg/L of AgNPs

respectively, at 6th day after incubation. A complete

inhibition of the growth of R. solani GPB was found at

150 lg/L of AgNPs. For the complete growth inhibition of

Aspergillus nomius, A. flavus and A. parasiticus, 78 lg/L

of AgNPs were required [44]. Khatami et al. [56] synthe-

sized the silver nanoparticle from waste-grass and 55 and

43% inhibition of the growth of R. solani and Fusarium

solani was reported at the concentration of 20 lg/L. In this

study, increase in the inhibition percentage with increase in

the AgNPs concentration was due to ROS production

(Table 2) [12]. It was also found that with increase in the

incubation period from 2nd to 6th day, the inhibition per-

cent of S. rolfsii at 150 lg/L of AgNPs was significantly

(p\ 0.05) decreased from 100 to 84% (Fig. 5), which

might be due to increase in the antioxidative response with

increase in the incubation period that relived the oxidative

stress toxicity to the cell of the S. rolfsii. To confirm this

hypothesis, the activity of catalase and peroxidase was

analyzed which showed a significant increase in CAT and

POD activity (Table 2). Several researchers have reported

the significant effect of AgNPs on the growth of plant

pathogenic fungi [55, 57, 58].

Lipid Peroxidation

It is previously reported that lipid peroxidation was

increased in green algae, higher plants and zebrafish liver

under the exposure of AgNPs [20, 22, 23]. In the present

study, with increase in the AgNPs concentration from 0 to

50 lg/L, the melondialdehyde (MDA) accumulation in R.

solani GPB and S. rolfsii was significantly increased from

Fig. 2 a Detection of photobiosynthesized AgNPs using extract of A. flavus CR500 by UV–visible spectrophotometer and b FTIR spectra of

AgNPs

Table 1 Detected FTIR bands and their assignments

S. no. Peak (cm-1) Assignment

1. 3444.7 –OH and –NH stretching

2. 1636.2 C=O stretching

3. 1382.6 COOH stretching

4. 1092.5 Phosphate stretching

5. 609.2 SO2 stretching in sulphones
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1.53 ± 0.20 to 18.67 ± 1.01 and from 3.83 ± 0.35 to

32.2 ± 0.95 mU/mg of protein respectively (Table 2).

However, MDA accumulation in R. solani GPB was higher

than S. rolfsii at all the treatment which might be a primary

cause of maximum inhibition at lower AgNPs concentra-

tion while severe inhibition of both fungi was recorded at

higher concentration. Similar to our results, an increase in

the MDA accumulation with increase in the AgNPs con-

centration was also reported in Phanerochaete chrysospo-

rium [12]. The cause of inhibition due to reactive oxygen

species production in presence of AgNPs was also reported

in Fusarium oxysporum, Alternaria brassicicola and Can-

dida albicans [11, 59]. The MDA is final product of lipid

peroxidation due to reactive oxygen species production

under environmental stress conditions (such as osmotic

stress, heavy metal and drought) in plants and microbes

[12, 19, 20, 31, 60]. Which can be taken into account to

conclude it that severe inhibition in growth of R. solani

GPB and S. rofsii is due to reactive oxygen species pro-

duction in presence of AgNPs.

Antioxidant Response

The change in the activity of CAT in R. solani GPB and S.

rofsii at different concentration of AgNPs is shown in

Fig. 3 TEM micrograph of photobiosynthesized silver nanoparticle using extract of A. flavus CR500 a aggregated or clustered and b single

nanoparticle

Fig. 4 Phylogenetic position of Rhizoctonia solani GPB along with

other closely related species of the genus Rhizoctonia. The percentage

of replicate trees in which the associated taxa clustered together in the

bootstrap test (1000 replicates) are shown next to the branches. The

tree was reconstructed using neighbor-joining analysis based on 654

bases of aligned ITS region sequences

Fig. 5 Inhibition percentage of

a Rhizoctonia solani GPB and

b Sclerotium rolfsii at different

concentration of

photobiosynthesized AgNPs

(mean ± standard deviation of

three replicates followed by the

same letter are not significantly

different at the level of

p\ 0.05DMRT)
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Table 2. The CAT activity was significantly increased

when R. solani GPB and S. rolfsii came in the exposure of

AgNPs. In R. solani GPB, CAT activity was increased

significantly up to 114 ± 3.60 lM H2O2/min/mg protein at

30 lg/L and decrease with increase in the AgNPs con-

centration above 30 lg/L. However, in S. rolfsii the

activity of CAT stimulated when come in the exposure of

AgNPs and increased significantly from 32.12 ± 2.0 to

134.66 ± 3.51 lM H2O2/min/mg of protein with increase

in the AgNPs concentration from 0 to 50 lg/L (Table 2).

Huang et al. [12] investigated the effect of AgNPs on

Phanerochaete chrysosporium and an increase in the

activity of CAT in the presence of AgNPs was reported.

The role of CAT was reported for scavenging of H2O2,

produced under stress conditions [24, 45, 60–62] which

clearly indicated the H2O2 and ROS production in the

presence of AgNPs in both pathogenic fungi and also

support the hypothesis that AgNPs produces reactive

oxygen species in fungi and resulting oxidative stress leads

to cell death. However, at lower concentration of AgNPs,

R. solani GPB and S. rofsii showed strong antioxidant

response but higher concentration of AgNPs may lead high

amount of H2O2 and ROS induction that might higher than

the antioxidative potential of fungi ultimately causes severe

inhibition in growth of the fungi.

The change in the POD is implicated with the degra-

dation of metabolizable constituents in microorganisms

and their development [63]. In this study, the tendency in

the activity of POD was similar to those of CAT activity in

fungi with exposure of AgNPs. As well, the POD activity

in R. solani was significantly increased to 5.26 U mg-1

protein followed by 4.10 U mg-1 protein in S. rolfsii at

50 lg/L of AgNPs (Table 2). The similar change in POD

was also reported in P. chrysosporium in the exposure of

AgNPs [12]. Antioxidants response as change in POD,

SOD, CAT and GSH in the exposure of nanoparticle was

also reported in plants and other microbes [2, 5, 12, 24, 64].

Effect of AgNPs on V. radiata and C. arietinum
(Growth, Germination Rate, Lipid Peroxidation
and Proline Content)

The nanoparticles application in crop disease management

has many advantages but it may have negative impact on

the crop development and production. With taking into

account all the positive aspects of metallic nanoparticle in

agricultural practices, the negative aspects such as stress

and toxicity on the crop of these metallic nanoparticles

should be thoroughly investigated. In this context the effect

of AgNPs on germination rate and growth of V. radiata and

C. arietinum, the lipid peroxidation and proline content

was also measured, which has been previously reported in

plant under the different stress condition such heavy metals

[23, 24, 45, 60]. On another hand, to assess the AgNPs

applicability for the seed protection via AgNPs coating, it

is need to know interactive relation between seed and

AgNPs whether it can affect the germination rate, growth

and development of the crop or not.

The effect of AgNPs on the germination rate and growth

of V. radiata and C. arietinum are shown in Fig. 6a, b. At

all the tested AgNPs concentration, no significant change in

germination rate and growth of V. radiata and C. arietinum

was recorded compared to control treatment. The results

suggest that the treatment of V. radiata and C. arietinum

with AgNPs would not cause any inhibitory effect on the

growth and development of the crops. For the assessment

of the effect of the biogenic silver nanoparticle on the

development of crop, Guilger et al. [34] used the Soybean

seeds and reported the same results. Similar result on effect

of AgNPs on germination rate was reported for Soybean by

Spagnoletti et al. [5].

Further, to explore the AgNPs effect on the growth of

seedling by means of biochemical impact, the proline and

lipid peroxidation was assayed (Fig. 7). No significant

change in proline and lipid peroxidation was observed in

shoot of V. radiata and C. arietinum at all tested AgNPs

Table 2 Effect of AgNPs on lipid peroxidation, activity of catalase and peroxidase in S. rolfsii and R. solani GPB (the values are presented as

mean of three replicates ± standard deviation, same letter denote no significant difference at the level of p\ 0.05(DMRT))

AgNPs concentration (lg/L) Lipid Peroxidation (MDA) (mU/mg of prot) Catalase (lM H2O2/min/mg prot) Peroxidase (U/mg prot)

Sclerotium rolfsii

0 3.83 ± 0.35a 43 ± 2.64a 2.26 ± 0.15a

30 25.23 ± 0.90b 114 ± 3.60b 3.75 ± 0.32b

50 32.2 ± 0.95c 63.33 ± 3.51c 4.10 ± 0.30c

Rhizoctonia solani GPB

0 1.53 ± 0.20a 32.12 ± 2.0a 1.33 ± 0.15a

30 13.10 ± 0.52b 96.33 ± 3.21b 3.23 ± 0.15b

50 18.67 ± 1.01c 134.66 ± 3.51c 5.26 ± 0.35c
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concentration compared to control treatment. Spagnoletti

et al. [5] also reported the same results for lipid peroxi-

dation under stress of AgNPs in soybean seeds. However,

with increase in the AgNPs concentration up to 44 ppm,

the decrease in lipid peroxidation was reported in seedlings

of rice [2]. The decrease in lipid peroxidation was also

reported in Physalis peruviana L. under AgNPs stress [64].

The results of this study revealed that photobiosynthesized

AgNPs have not any negative impact on the growth and

development of the V. radiata and C. arietinum and also

AgNPs can be used for the seeds coating to protect the

seeds from infectious diseases.

Conclusion

Photobiosynthesized AgNPs from extract of Aspergillus

flavus CR500, with size 60–120 nm, crystalline nature and

high functional group availability have very high potential

to inhibit the growth of the plant pathogenic fungi Rhi-

zoctonia solani GPB and Sclerotium rolfsii via producing

reactive oxygen species. The assessment of the applica-

bility of AgNPs for seed protection has not given any

significant negative impact on the germination and growth

of Cicer arietinum and Vigna radiata and also no consid-

erable change was recorded in the lipid peroxidation and

proline in their seedling growing in the exposure of AgNPs.

Thus, photobiosynthesized AgNPs using the extract of A.

flavus CR500 with efficient antifungal activity can be

exploited on a large scale in an ecofriendly and economical

way for crop disease management.
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