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Silver nanoparticles (AgNPs) synthesized by using the aqueous extract of the 

endophytic fungus Aspergillus terreus F37 (KX024595) as reducing agent is 

reported here. The reaction medium employed in the synthesis process was 

optimized under a narrow range of pH and temperature to attain better yield, 

controlled size, and more stable of AgNPs. Further, the microbially synthesized 

AgNPs were studied through UV-vis spectroscopy, transmission electron 

microscopy (TEM), X-ray diffraction (XRD), and Fourier transform infrared (FT-

IR) spectroscopy analyses. The obtained results indicated the formation of high 

crystalline spherical AgNPs with an average diameter of 45.2±0.5 nm at room 

temperature (22 ºC). Quantitative analyses indicated that reduction of the Ag+ 

precursor was promoted at elevated pH due to increased activity of biomolecules in 

the fungal extract. As a result, the size of the AgNPs decreased with increased pH 

of the reactions. The optimum conditions for maximum production of small control 

sized AgNPs (12± 0.5 nm) were pH (10) and temperature (100 ºC). The outcomes of 

the antifungal activity of different controlled sized AgNPs showed their efficiently 

to inhibit the mycelial growth of the pathogenic fungus Alternaria solani, the causal 

agent of tomato early blight disease and reduced their viability in a pH and 

temperature dependent manner. These findings revealed that the fine tuning of the 

reaction synthesis parameters, will increase the chance to obtain desired well 

shaped and small sized AgNPs with potent antifungal activities, may have 

important applications as new bio-fungicides in controlling various plant diseases 

caused by fungi. 
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Introduction 

Silver nanoparticles (AgNPs) have been 

widely studied during the past few 

decades due to their unique optical and 

electric properties and potential 

applications in electronics (Evanoffand & 

Chumanov, 2004), catalysis (Mohamed et 

al. 2016; Mallick & Witcomb, 2006), bio-

labeling (Zhang et al., 2005; McFarland 

& Van Duyne, 2003), and also and also 

biotechnology (Khatami et al., 2018; 

Abd-Alla et al., 2016; Kathiravan et al., 

2015; Iravani, 2011).The AgNPs are also 

well known to exhibit a broad spectrum 

of biocidal activity towards many 

bacteria, fungi and viruses (Cordero et al., 

2017; ; Abd-Alla et al., 2016; Kumar & 

Sujitha, 2014; Zachariadis et al., 2004). 

Interestingly, the antimicrobial effect of 

AgNPs is size dependent, where as their 

size is smaller as the antimicrobial effect 

is more potent (Morones et al., 2005). 

Hence, extensive works have been carried 

out to synthesize silver nanoparticles with 

controllable shape and size desired (Lu et 

al., 2006; Wiley et al., 2006; Ni et al., 

2005; Sherry et al., 2005). Reduction of 

the silver salt precursor (AgNO3) by 

chemical reductants such as citrate (Pillai 

& Kamat, 2004), ascorbic acid (Sondi et 

al., 2003; Velikov et al., 2003), or sodium 

borohydride (Ahmadi et al., 1996) is 

among the most used methods for the 

synthesis of AgNPs in aqueous solution. 

However, the AgNPs produced by the 

citrate reduction route were usually tend 

to exist in mixtures of different shaped 

(e.x spherical and rod-like) due to the 

poor balance of nucleation and growth 

processes (Dong et al., 2009) and those 

produced by sodium borohydride were 

usually small spherical silver 

nanoparticles (<10 nm) due to the high 

reactivity of the borohydride (the 

reductant) which may lead to induce the 

explosive nucleation process. So, it is less 

productive to tune the nucleation and 

growth processes and thus the size of the 

AgNPs by changing the reaction 

parameters such as molar ratio of the 

reductant/silver precursor, pH, or 

temperature of the reactions when citrate 

or sodium borohydride was employed as 

the reductants in the synthesis process. 

Also, involving such reductans like 

borohydride in the AgNPs synthesis 

cause environmental toxicity or 

biological hazards which limits its 

applications in human being applications. 

By taking all together in parallel with 

LaMer model (Ji et al., 2007), a 

reasonable way to prepare silver 

nanoparticles with tunable size is to 

choose a reductant with suitable 

reactivity and safe impact to mediate the 

nucleation and growth processes of the 

particles. In another hand, Qin et al. 

(2010) reported a dependence between 

size and pH of the reaction system, as pH 

of the reaction mixture is increased, the 

average size of the AgNPs was decreased 

(Reddy et al., 2014). This stimulates the 

scientists to search out clean, non-toxic 

and environmentally acceptable 

biological routes for the synthesis of 

AgNPs (Escárcega-González et al., 2018; 

Mittal et al., 2013; Qian et al., 2013). 

Fungi are a good option compared to 

other eukaryotes because of the vast 

repertoire of proteins, enzymes, and other 

bioactive secondary metabolites that they 

produce, which possess redox capacity 

and, thus, increase productivity during 

the biosynthesis process (Abdel-Hafez et 

al. 2016 a,b; Mohamed 2015; Phithiviraj 

et al. 1998). These biomolecules serve as 

reducing agents to reduce various silver 

salts to its corresponding zero valent 

metallic nanoparticles and also as 

stabilizing agents to prevent 

nanoparticles from agglomeration. 

Moreover, the biosynthesis route has not 

only resulted in environmental benefits, 

but also enhances their physico-chemical 



Mohamed et al., 2018                                                                                                                                                                          
  

90 

 

property, which leads to more effective 

application (Morsy et al., 2014; Liu et al., 

2013; Tanvir et al., 2012). Although 

silver nanoparticles are effective against a 

number of phytopathogenic fungi 

including Bipolaris sorokiniana and 

Magnapothe grisea (Shrivastava et al., 

2007; Panacek, et al., 2006; Morones et 

al., 2005), however many 

phytopathogenic fungi are not explored 

although they are causing destructive 

diseases on important crop plants and 

thereby reducing the yield of agricultural 

products. Alternaria solani (Ellis & 

Martin) Jones & Grout is a soil 

inhabiting, air-borne fungal pathogen 

responsible of tomato early blight 

disease, one of the most important and 

frequent fungal disease infecting tomato 

crops worldwide, causing reduction in 

tomato crop quantity and quality  (Song 

et al., 2011). Our aim in the present work 

was to biosynthesize AgNPs using the 

endophytic fungus Aspergillus terreus 

F37 (KX024595), to characterize them 

under a range of pH and temperature 

values and to test their antifungal activity 

against three different pathogenic isolates 

of Alternaria solani the causal agent of 

tomato early blight disease. 

 
 

Materials and methods 
 

Sample collection and isolation of 

endophytic fungi: Four hundreds of 

fresh healthy tomato (Solanum 

lycopersicum L.) leaf plants were 

collected from Egypt in 2015 to isolate 

endophytic fungi. The collected samples 

were transferred directly to the 

mycological laboratory, Botany and 

Microbiology Department, Assiut 

University, Egypt. At laboratory, leaves 

were gently washed with running tap 

water and aseptically cut into small 

segments (5 × 5 mm). All segments were 

rinsed with distilled water and surface 

sterilized following the sequence: 70% 

ethyl alcohol for one minute, and then 

transferred to a solution of 2.5% sodium 

hypochlorite for 3.5 min, followed by a 

treatment with 70% ethanol for 30 s. the 

prepared segments were then put on Petri 

dishes containing potato dextrose agar 

(PDA) medium containing 250 mg L-1 

streptomycin and incubated at 26 ± 2 °C 

for 8 days. The hyphal tips of the fungal 

endophytes growing out from the plant 

tissues were carefully transferred onto 

new PDA plates under sterilized 

conditions and incubated at 26 ± 2 °C for 

8 days. After incubation, fungal 

endophytes identification was performed 

according to morphological 

characteristics. Percent colonization 

frequency (% CF) of endophytic fungi 

was calculated according to Petrini and 

Fisher (1988): colonization frequency 

(%) = (total number of segments 

colonized/ total number of segments) × 

100. 

 

DNA extraction: The frozen mycelia of 

the fungus (100 mg) were ground with 

liquid nitrogen in a mortar and pestle and 

mixed with 1 ml of 4 M guanidinium 

thiocyanate, 0.1 M sodium acetate pH 

5.5, 10 mM ethylenediaminetetraacetic 

acid (EDTA), 0.1 M 2-mercaptoethanol. 

Extracts were clarified by centrifugation 

and supernatants were loaded into silica 

gel spin columns (Wizard Plus SV 

Minipreps DNA Purification, Promega, 

USA). Columns were washed with 70% 

ethanol, 10 mM sodium acetate pH 5.5, 

and DNA eluted with 50 µl of 20 mM 

Tris-HCl, pH 8.5. 

 

Ribosomal DNA amplification and 

sequencing: A ribosomal internal 
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transcribed spacer (ITS) was amplified 

by PCR using primer pairs ITS1 (5'-

CTTGGTCATTTAGAGGAAGTAA-3') 

and ITS4 (5'-

TCCTCCGCTTATTGATATGC-3') 

(Gardes & Bruns, 2012). Fungal DNA (1 

µl) was amplified in a 20-µl reaction with 

0.4 U Phusion DNA polymerase (Thermo 

Scientific) in the presence of 0.2 mM 

dNTPs, 3% dimethyl sulfoxide, 0.5 µM 

of each primer and HF buffer (Thermo 

Scientific). The reaction consisted in an 

initial denaturation for 30 s at 98ºC, 

followed by 30 cycles of 10 s at 98ºC, 30 

s at 55ºC and 30 s at 72ºC, and a final 

extension of 10 min at 72ºC. PCR 

products were separated by 

electrophoresis in a 1% agarose gel run 

for 75 min in TAE buffer (40 mM Tris, 

20 mM sodium acetate, 1 mM EDTA, pH 

7.2) and viewed using a UV 

transilluminator after ethidium bromide 

staining. According to electrophoretic 

migration, the PCR products that 

corresponded to the ribosomal ITS were 

eluted from the gel using silica spin 

columns (DNA Clean & Concentrator, 

Zymo Research). Both strands of the 

amplified ribosomal ITS DNA were 

sequenced using primers ITS1 and ITS4. 

The consensus sequences were employed 

to search for homologous sequences with 

the BLAST search program at the 

National Center for Biotechnology 

Information (NCBI:  

http://www.ncbi.nlm.nih.gov). 

 

Extracellular synthesis of AgNPs: For 

the biosynthesis of AgNPs using an 

extract of the endophytic fungus A. 

terreus, Ten mg (dry weight) of the 

fungal mycelia was brought in contact 

with 100 mL of sterilized double distilled 

water in a 250 mL Erlenmeyer flask and 

agitated at 120 rpm for 48 h at 26 °C ± 2. 

After the incubation, the cell filtrate was 

obtained by filtering it through Whatman 

filter paper No. 1. The filtrates were 

treated with 1 mM silver nitrate (AgNO3) 

solution in an Erlenmeyer flask and 

incubated at room temperature (~22 ºC) 

in dark. Cell-free filtrate without silver 

nitrate solution was also run as control. 

 

Characterization of AgNPs: The 

mycosynthesized AgNPs were 

characterized by UV-vis spectroscopy 

periodically for 1 month in order to 

observe the formation of stable AgNPs 

by the action of the fungal extract. Small 

aliquots (2 mL) of the colored suspended 

AgNPs were loaded in a quartz cuvette 

and analyzed using A PerkinElmer 

Lambda 950 UV/Vis spectrometer 

through a wavelength scanning ranging 

between 300 and 800 nm at different 

time intervals with distilled water as a 

reference. The AgNPs solution was then 

centrifuged at 14000 rpm for 15-20 min. 

The supernatant was discarded and the 

pellets were dispersed with distilled 

water, washed 3 times with de-ionized 

distilled water to remove the free entities 

and unbound biological molecules from 

AgNPs, and was finally dried at 60 °C . 

 

High-resolution transmission electron 

microscopy (HR-TEM): For the HR-

TEM measurements, a drop of thin 

dispersion (~3 µL) AgNPs sample 

dispersed in double distilled water was 

drop coated on carbon grid (carbon type-

B, 300 mesh, Ted Pella, Inc., Redding, 

CA, USA). After about 20 min, the grid 

was removed and air dried and the 

images of nanoparticles were studied 

using High Resolution-Transmission 

Electron Microscopy (HR-TEM) assisted 

http://www.ncbi.nlm.nih.gov/
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with Energy dispersive X-ray 

spectroscopy (EDS). The hydrodynamic 

diameter and the zeta potential of the 

AgNPs were also measured by dynamic 

light scattering (DLS) using a Malvern 

Zetasizer Nano ZS 90 (Worcestershire, 

UK). 

 

X-ray diffraction (XRD) pattern and 

energy-dispersive X-ray spectroscopy 

(EDS) analyses: Crystalline metallic 

pattern of AgNPs powder was analyzed 

using X-ray diffraction patterns. The X-

ray diffraction (XRD) patterns were 

conducted on Bruker AXS D8. Advance 

X-ray diffractometer operated at a 

voltage of 40 kV and a current of 40 mA 

with Cu K(a) radiation and wavelength 

1.541∘. The scanning was done in the 

region of 2θ from 20 to 80. The EDS 

analysis was performed to identify the 

elemental composition of the 

biosynthesized AgNPs using INCA 

Energy TEM 200 with the JEOL analysis 

software. 

 

Fourier transform infrared 

spectroscopy (FTIR): The FTIR 

analysis of the dried AgNPs powder 

mixed with a pinch of potassium bromide 

(Himedia FTIR graded) in a crucible was 

made into pellet by hydraulic press and 

the pellet spectrum was then recorded 

using a JASCO FT/IR-6300 Fourier 

transform infrared spectrometer equipped 

with a JASCO IRT-7000 Intron Infrared 

Microscope, using transmittance mode 

operating at a resolution of 4 cm−1 

(JASCO, Tokyo, Japan) (Siddique et al., 

2013). 

 

Optimization of silver nanoparticles 

size: In an attempt to produce better size 

controlled AgNPs, the effect of 

parameters such as, pH and temperature 

with different incubation time was 

studied by varying one parameter at a 

time, keeping the other experimental 

conditions the same. In all the reactions, 

the concentrations of silver nitrate and 

the fungal extract acid were set as 1 mM 

and 10 g (wet weight) of fungal mat / 

100 mL respectively. The mixtures were 

incubated at different pH values (5-11) 

and temperatures (25-100 °C) for various 

time periods for one month with respect 

to AgNPs stability. By simply varying 

the pH and temperature of the reaction 

system, we can tune the size of the 

nanoparticles. When the reaction is 

completed, products were collected and 

thoroughly washed for several times with 

ethanol to obtain pure AgNPs without 

any by-products and finally subjected to 

vacuum dry at 80 °C for 3 h. The 

optimum of reaction parameters were 

then selected by measuring the 

absorbance of the resulting solutions 

spectrophotometrically using a UV–

visible spectrophotometer (Lambda 35®-

PerkinElmer, Waltham, MS, USA) 

operated at a resolution of 1 nm and 

scanned in the wavelength range of 300–

800 nm. For each condition, respective 

controls were maintained. The 

hydrodynamic diameter of the AgNPs 

were measured by dynamic light 

scattering (DLS) using a Malvern 

Zetasizer Nano ZS 90 (Worcestershire, 

UK). 

 

Antifungal assay of controlled sized 

AgNPs: The antifungal activity of 

AgNPs was measured on three 

pathogenic isolates of Alternaria solani 

by the agar dilution method. Plates were 

supplemented with three concentrations 

(5, 10, and 20 ppm) from each biogenic 
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AgNPs (biosynthesized under room and 

optimum conditions). A disc (1.5 cm) of 

mycelial growth of the phytopathogenic 

fungus Alternaria solani, taken from the 

edge of 8 day old fungal culture, was 

placed in the center of each plate. The 

inoculated plates were then incubated at 

25 °C± 1 for 8 days. The antifungal 

activity was then evaluated by measuring 

the radial growth of fungal colonies (Kim 

et al. 2012; Kim et al, 2009): 

 

Inhibition rate (%) = 𝑅 – 𝑟/ 𝑅 x 100 
 

Where, 𝑅 is the radial growth of the 

fungal hyphae on the control plate and 𝑟 

is the radial growth of the fungal hyphae 

on the plate supplemented with AgNPs. 

All experiments were conducted in 

triplicate under sterile conditions. 

 

 

Results and Discussion 

 

Identification of endophytic fungi in 

tomato leaves: From the 400 analyzed 

healthy tomato leaves, 19 fungal species 

in addition to 4 morpho taxa belonging to 

11 genera were isolated (Table 1). Fungal 

species were identified according to their 

morphological characters. The most 

predominant species was Cladosporium 

sphaerospermum Trichoderma 

harzianum, Aspergillus terreus which 

showed 30.25%, 27.5%, 25.5% 

colonization frequency respectively. 

Aspergillus terreus (Figure 1) is 

considered one of the most important 

fungal species that produce bioactive 

secondary metabolites (Dewi et al., 

2014), which is why we decided to focus 

our next work on this fungus isolate. The 

molecular identification of both the 

endophytic A. terreus and three 

pathogenic isolates of Alternaria solani 

was confirmed by sequence analysis of 

the nuclear ribosomal ITS region. The 

sequence of a 623 base pair DNA 

fragment corresponding to the ITS1-

5.8S-ITS2 region supported the 

identification of the endophytic fungus as 

A. terreus F37 (KX024595), showing 

100% identity with the sequence of the 

Aspergillus terreus strain MF12 

(JF431429). The same for the three 

pathogenic Alternaria solani isolates. A 

partial 18S rRNA gene sequence of 

approximately 624 base pairs of 

Alternaria solani F11 (KT721909), 

Alternaria solani F12 (KT721910) and 

Alternaria solani F14 (KT721911) had a 

sequence with 100% identity to that of 

pathogenic Alternaria solani KT6 

(F02664) available in the GenBank 

database. 

 

 
 

Figure 1: The isolated endophytic fungus Aspergillus 

terreus: Microscopic features showing the fungal 

morphology.
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Table 1: The composition of the isolated endophytic fungal taxa and frequency of colonization 

(%) per 400 segments of healthy tomato leaves. 
 

Fungal endophytes No. of records Frequency (%) 

Alternaria alternata (Fr.) Keissler 35 8.75 

Alternaria solani Sorauer 1 0.25 

Aspergillus niger van Tieghem 2 0.5 

Aspergillus tamari Kita 3 0.75 

Aspergillus terreus Thom 102 25.5 

Aspergillus versicolor (Vuill.) Tiraboschi 20 5 

Chaetomium globosum Kunze 67 16.5 

Cladosporium cladosporioides (Fr.) De Vries 80 20 

Cladosporium oxysporum Link 35 8.75 

Cladosporium sphaerospermum Penzig 121 30.25 

Curvularia lunata(Wakker) Boedijn 5 1.25 

Emericella sp.  4 1 

Epicoccum nigrum Link ex Schlecht 100 25 

Fusarium oxysporum Schlecht 77 19.25 

Fusarium solani (Mart.) Sacc. 11 2.75 

Myrothecium verrucaria(Albert. &. Schw.) 

Ditmar 

3 0.75 

Penicillium chrysogenum Thom 55 13.75 

Penicillium commune Thom 4 1 

Trichoderma harzianum Rifai 110 27.5 

Morphotaxon 1 2 0.5 

Morphotaxon 2 2 0.5 

Morphotaxon 3 5 1.25 

Morphotaxon 4 2 0.5 

 

Biosynthesis of AgNPs using the 

endophytic fungus Aspergillus terrus: 

Next, we went on to analyze the 

possibility of biosynthesizing AgNPs 

using the fungal extract of A. terreus F37 

(KX024595).  The possibility of AgNPs 

biosynthesis using a fungal extract of the 

endophytic fungus Aspergillus terreus 

F37 (KX024595) was confirmed by 

observing the color change of AgNO3 

solution after challenging with the fungal 

extract. The UV-vis absorption spectrum 

showed a strong absorption peak centred 

at 430 nm at different time intervals, 

which is characteristic of surface 

plasmon resonance of silver (Abdel-

Hafez et al., 2016a; Mohamed, 2015; 

Azizi et al., 2013; Borneman &  Hartin, 

2000), and hence indicated the formation 

of AgNPs (Figure 2A). Moreover, the 

continued increase in the AgNPs 

absorbance was observed with a 

prolonged reaction time, which indicated 

a continued reduction of silver ions and 

the production of more stable AgNPs. 

 

Characterization of AgNPs: The size 

and morphology of the biosynthesized 

AgNPs were examined using HR-TEM. 

The measurements indicated the 
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formation of spherical shaped AgNPs 

with average size distribution of 45.2±0.5 

nm (Figure 2B, C).  Moreover, the 

negative zeta potential of the AgNPs was 

about -35.2 ± 1.0 mV that suggests an 

ideal surface charge of the formed 

AgNPs, Which prevent the particles 

agglomeration and generate a strong 

repulsive force among the particles that 

increase their stability (Figure 3). 
 

 
 

 
Figure 2: Characterization of the silver nanoparticles synthesized by the reduction of Ag+ using A. terreus fungal 

extract: (A) UV-vis spectra of the AgNPs at different time intervals, (B) HR-TEM image of the AgNPs synthesized 

showing a general view of well-dispersed spherical AgNPs. (C) DLS measurement of the formed AgNPs. 

 

 
Figure 3: Zeta potential analysis of the formed AgNPs. 
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Figure 4: Characterization of AgNPs by spectroscopic analyses: (A) X-ray diffraction patterns of synthesised Ag NPs, 

(B) EDS spectroscopy displaying the purity and chemical composition of the biosynthesised AgNPs. (C) The FTIR 

spectra of the synthesised AgNPs. 

 
The XRD pattern revealed the typical fcc 

structure of AgNPs. The XRD spectra 

showed four main characteristic Bragg 

diffraction peaks at 2θ values of nearly 

37°, 44.2°, 64.3°, and 77.8° which 

correspond to (111), (200), (220), and 

(311) planes respectively of fcc silver 

nanoparticles (Figure 4A). The 

diffraction peaks were consistent with 

standard database files (JCPDS card No 

04-0783), indicating that the synthesized 

nanoparticles were of pure crystalline in 

nature. The EDS spectrum showed a 

strong typical optical absorption peak at 

approximately 3 keV, which was 

attributed to the Surface Plasmon 

Resonance (SPR) of the metallic Ag 

nanocrystals  and confirm the significant 

presence of pure metallic Ag (Figure 4B) 

(Azizi et al., 2013). The FT-IR spectrum 

was carried out to identify the possible 

functional groups present in the fungal 

extract, which may play as capping and 

reducing agents in the formation of 

AgNPs. As shown in (Figure 4C), the IR 

spectrum displays intense bands at 

3435.4 cm−1, 2930.1 cm−1, 1635.5 cm−1, 

1421.7 cm−1 and 1090.5 cm−1. The broad 

band at 3435.4 cm−1 corresponds to the 

strong stretching vibrations of hydroxyl 



Mohamed et al., 2018                                                                                                                                                                          
  

97 

 

(–OH) group of phenolic compounds 

present in the fungal extract. The intense 

peak at 2930.1 cm−1 corresponds to C–H 

stretch band of alkanes. The intense 

peaks at 1701 cm−1 can be attributed to 

the –C=O– and –C=C– stretching 

vibrations, which indicates the presence 

of flavonoids and terpenoids and proteins 

in the fungal extract of A. terrus. The 

medium absorption peak located at 

1635.5 cm−1 can be identified as the 

amide group. This amide band occurs 

due to carbonyl stretch and N-H 

deformation vibrations in the amide 

linkage of proteins.  It is well known that 

the metallic ions can bind to carboxylic 

groups and therefore this reveals opens 

the possibility of AgNPs bound to 

proteins through the carboxyl groups. 

The band at 1421.7 cm−1 and 1090.5 

cm−1 corresponds to the C=N stretching 

vibration and C–N stretch of aromatic 

and aliphatic amines respectively. Thus, 

taking all together, these observations 

support that the formed AgNPs are 

suggested to be surrounded with proteins 

and secondary metabolites containing 

amine, alcohol, ketone and carboxylic 

acid functional groups which may be 

responsible to their stability. 

 

Optimization of the AgNPs synthesis 

conditions:  The color of reaction 

mixture and the intensity of the 

absorbance peaks were pH dependent. 

The AgNPs synthesized at pH of 5.0, 

6.0, 7.0, 8.0, 9.0, 10.0 and 11.0 

presented absorption peaks at 520, 470, 

440, 435, 430, 425, and 420 nm 

respectively (Figure 5). The absorption 

peaks shifted to shorter wavelength and 

became narrower at higher pH values, 

possibly due to the decreased size or 

anisotropy degree of AgNPs (Noguez, 

2007; Slistan-Grijalva et al. 2005; 

Evanoff & Chumanov, 2004). TEM and 

DLS measurements were carried out to 

observe the size and morphology of the 

AgNPs prepared under different pH 

values (Figures 6 and 7)
 

 
 

Figure 5: Optimization of AgNPs under different pH values. 
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Figure 6: Characterization of AgNPs under different pH values: HR-TEM images of AgNPs at  (A) pH= 9, (B) pH=10. 

 

As shown in Figure 6 (A, B), all the 

particles prepared were spherical in 

shape. The shape of the formed AgNPs 

prepared under lower pH (5.0-6.0) was 

less regular. The smallest particle size 

was produced at pH 9 and 10 with 37 

±0.5 nm and 30.5 ±1.5 nmrespectively 

(Figure 7 A, B). Particles obtained at pH 

7 were significantly of larger size, 

45.2±0.5 (Figure 2B). In acidic 

conditions we cannot observe any 

characteristic absorbance band for 

AgNPs formation. These results revealed 

that the optimum pH value for maximum 

production of small size AgNPs is 10. At 

pH 11, we did not observe further 

increase in absorbance intensity or 

decrease in AgNPs. These results are in 

agreement with previous findings 

(Baghizadeh et al., 2015). 
 

 

 
Figure 7: Characterization of AgNPs under different pH values: DLS measurements of AgNPs at (A) pH= 9, (B) pH=10. 
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Figure 8: Optimization of AgNPs under different Temperature values: (A) Uv-absorbance of the formed AgNPs 

under different Temperature values, (B) HR-TEM image of AgNPs under 100 ºC temperature, (C) DLS 

measurement of the optimized AgNPs under 100 ºC. 

 

 
Other studies reported that at pH 2.0, no 

reaction occurred while at pH 7-11, 

highly and small sized mono-dispersed 

nanoparticles were obtained (Roopan et 

al., 2013). While the effect of pH on the 

production of controlled small sized 

AgNPs was being investigated, the 

smallest AgNPs (30.5±1.5 nm) obtained 

at pH 10 were also subjected to a range 

of temperatures degrees (20, 40, 60, 70, 

80, 90 and 100ºC) to study the effect of 

the reaction temperature on AgNPs size. 

The UV results indicated a noticeable 

absorbance increase with increasing the 

temperature degree (Figure 8A). 

Moreover, UV spectra showed sharp 

narrow peaks at slightly lower 

wavelengths (430 and 425 nm) at 

increasing temperatures (90 and 100°C, 

respectively). This means that there is a 

linear relationship between the 

maximum absorbance and the 

temperature which actually accelerate 

the AgNPs production to the optimum 

state. As shown in Figure 8B, all the 

particles prepared were spherical in 

shape. The smallest particle size of 

AgNPs are exactly produced (12± 0.5 

nm) after transferred into a 100oC water 

bath for 1 h (Figure 8C). These results 

suggest that when the temperature is 

increased, the reactants are consumed 

more rapidly leading to the formation of 

smaller nanoparticles (Baghizadeh et al., 

2015). In order to evaluate the stability 

of the AgNPs in an aqueous system, the 
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absorption spectrum was recorded after 

storage at room temperature for 3 

months. As shown in Figure 9, the 

absorption peak of the formed AgNPs 

shifted slightly from 430 to 440 nm, but 

no significant changes in peak intensity 

were observed. This suggests acceptable 

stability of AgNPs for at least 30 days at 

room temperature. 

 

Antifungal activity of sized controlled 

AgNPs:  After formation AgNPs under 

room and optimum conditions and 

generate nanoparticles with different 

controlled size, we studied the effect of 

the size of those nanomaterials on their 

antifungal activity. Three different 

concentrations (5, 10 and 20 ppm)  of 

size controlled AgNPs (45.2± 0.5 nm, 

30± 1.5 nm and 12± 0.5 nm) 

biosynthesized using the endophytic 

fungus A. terrus at different pH and 

temperature conditions were analyzed in 

PDA plates against three pathogenic of 

Alternaria solani isolates, the causal 

agent of tomato early blight disease. The 

results indicated the ability of all tested 

AgNPs to inhibit A. solani mycelial 

growth to various degrees (Table 2; 

Figure 10). 
 

 
 

Figure 9: Evaluation of stability of the biosynthesized AgNPs after 1 month later of optimization. 
 

The AgNPs with 12± 0.5 nm (Figure 

10C), followed by AgNPs with 30± 1.5 

nm size (Fig. 10B), showed better 

antifungal activity against A. solani, 

compared with AgNPs with 45.2± 0.5 

nm (Figure 10A). These results means 

that as the AgNPs become smaller in 

size, their antifungal activity become 

more potent, as previously reported 

(Ajitha et al., 2015; Khaydarov & 

Khaydarov, 2009). This finding indicates 

the strong antifungal activity of the 

AgNPs biosynthesized under controlled 

conditions and its potential use as an 
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alternative to synthetic fungicides 

(Mohamed, 2015; Dubey et al., 2009; 

Stoimenov et al., 2002). Several studies 

reported the multiple modes of inhibitory 

action of AgNPs against diverse 

microbial pathogens, however the exact 

antimicrobial mechanism of these 

nanoparticles is still not fully understood 

(Kim et al., 2009; Sondi & Salopek-

Sondi, 2004). 

 

Table 2: Mean of inhibitory growth rate (%) of three pathogenic Alternaria solani isolates treated 

by the different controlled sized  and concentrations of AgNPs. 
 

Pathogen AgNPs size 
Inhibition rate (%) 

5ppm 10ppm 20ppm 

A. solani F11 (KT721909) 

45.2 ± 0.5 nm 66.7±0.02 70.0±0.01 72.9±0.01 

30.0 ± 1.5 nm 71.5±0.02 84.0±0.01 92.5±0.01 

12.0 ± 0.5 nm 81.4±0.01 90.1±0.01 96.9±0.02 

A. solani F12 (KT721910) 

45.2 ± 0.5 nm 65.0±0.04 72.2±0.02 77.8±0.04 

30.0 ± 0.5 nm 71.4±0.01 82.4±0.02 90.3±0.04 

12.0 ± 0.5 nm 79.6±0.02 88.3±0.01 96.0±0.01 

A. solani F14 (KT721911) 

45.2 ± 0.5 nm 68.6±0.02 74.4±0.02 80.5±0.04 

30.0 ± 0.5 nm 75.6±0.04 80.6±0.01 87.1±0.02 

12.0 ± 0.5 nm 81.5±0.02 89.5±0.01 95.6±0.02 

 

 

 

 
 

Figure 10: Antifungal effect of different controlled size biologically synthesized AgNPs at different concentrations 

(5, 10 and 20 ppm) on the mycelial growth rate of the pathogenic A. solani F11 (KT721909): AgNPs with (A) 

45.2± 0.5 nm (B) 30± 1.5 nm and (C) 12± 0.5 nm size. 
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However, Kim et al. (2009) suggested 

that this may be backed to the unique 

ability of AgNPs to form free radicals 

that could disturb microbe membrane 

lipids and spoil their membrane functions 

(Mohamed, 2015). Other works 

suggested that the microbial membrane 

can be destroyed by the formation of pits 

on the surface of the cell wall membrane 

and disrupt the fungal transport systems 

through ion efflux (Pingali et al., 2005; 

Stoimenov et al., 2002). This leads to 

increased cell permeability and disturbed 

the ion transport in the cell system, which 

results in final cell death (Pingali et al., 

2005). Hence biogenesis of AgNPs under 

controlled conditions is a good unique 

straightforward route that is easily 

produced and can prove extensively 

useful in plant disease management. 

Silver nanoparticles of different sizes and 

high stability were synthesized using 

simple, low cost and eco-friendly green 

chemistry approach. In the present study, 

the aqueous extract of the endophytic 

fungus Aspergillus terreus F37 

(KX024595) was used as 

reducing/capping agent in the AgNPs 

synthesis. This single step procedure is 

highly suitable for large scale production 

as it is more cheap, economic, rapid and 

eliminates the elaborate processes 

employed in the other bio-based 

protocols. The characterization of AgNPs 

by UV-vis spectroscopy, TEM, XRD, 

DLS and FTIR biosynthesized under 

laboratory conditions showed that the 

formed AgNPs were spherical in shape, 

crystalline in nature. Average size of the 

silver nanoparticles was tunable by 

simply changing pH of the reactions. The 

optimum conditions for maximum 

production of small control sized AgNPs 

were pH (10) and temperature (100 ºC) 

which confirmed by DLS analysis. The 

AgNPs became more spherical-like in 

shape after being heated at 100 ºC for 

two hours due to the promoted intra-

particle ripening. After the aging 

treatment, spherical AgNPs with sizes of 

12± 0.5 nm could be successfully 

acquired from the products prepared 

under different pH. Interestingly, all the 

controlled small sized AgNPs exhibited 

excellent antifungal activity against A. 

solani the causal agent of tomato early 

blight disease at comparatively low 

concentration (5, 10 and 20) ppm and 

reduced their viability in a pH dependent 

manner. Based on those findings, it is 

concluded that AgNPs could be used as 

an antifungal agent in controlling various 

plant diseases caused by fungi. However, 

it further study are in need to clearly 

understand the exact mechanism by 

which silver nanoparticles control the 

fungal pathogen. 
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