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Introduction 
The use of modern techniques for monitoring crops and 
fields to optimize plant growth is essential for smart 
agricultural practices. Common issues like fungal and insect 
infections, drought, exposure to harsh weather conditions, 
and soil salinity affect growth of plants that lead to huge 
economic losses. For the large-scale crop production, 
farmers use chemical fertilizers, pesticides and fungicides to 
control the insect and fungal infections. Excessive use of 
these chemicals leads to major environmental and health 
hazards due to their non-biodegradable nature and 
biomagnification [1]. Hence, the current trend in agriculture 
research is aimed either at managing fertilizer’s use to reduce 
environmental problem or to search for environment friendly 
fertilizer. From ancient period, silver is well known for its 
strong broad spectrum antimicrobial activity against plant 

pathogens through its multiple mode of inhibitory action [2-
4], therefore may serve as alternative for control of various 
plant pathogens over synthetic fungicides [5-7]. This has 
aroused an interest in metal nanoparticles or a combination 
of two or more metal nanoparticles, which can be used to 
control various plant pathogenic microbes. 
Nanotechnological approaches in plants reduce the chances 
of disease and pest incidence thus aids in efficient crop 
production. Nanoparticles mediate nutritional transport, 
increase insect resistance and suppress fungal infections, 
which can make AgNPs, a possible antimicrobial and a plant 
growth promoter that can be used in agriculture. 
Nanoformulated agrochemicals can be used to mediate 
genetic transformation and develop disease resistance in 
plants. For the effective use of silver in control of plant 
diseases include the primary knowledge on the antifungal 
activity of various silver compounds against plant pathogens 
and development of effective biocidal agent to increase the 
disease suppression efficacy [3,8,9]. 
 Nanotechnology includes synthesis, characterization, 
manipulation, fabrication, exploration and application of 
nanosized (1-100 nm) materials for the development of 
science and technology. The field of nanotechnology is 
interdisciplinary and fascinating research area in modern 
material science concerned with the development of 
nanodevices and nanomaterials, which can impart novel 
applications in plant biotechnology and agricultural research 
[10]. They can also be used for enzymatic nano 
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bioprocessing for the conversion of agricultural and food 
wastes into energy and other useful by-products [11].  
 In the recent years, several methodologies have been 
developed in the field of nanotechnology to have control on 
shape and size of nanoparticles [12,13a,14]. It’s now easy to 
synthesize nanoparticles of particular shape and size 
according to specific requirements. New application of 
nanoparticles and nanomaterials is increasing rapidly as 
nanotechnology helps in overcoming the limitation of size.  
It also deals with the materials whose structure exhibit 
significantly novel and improved physicochemical and 
biological properties due to their nano size. Nanoparticles 
have a small size but larger surface area to the volume ratio 
as compared to macro-sized materials. These improved 
properties are determined by size, shape, composition, 
concentration, crystallinity and morphology, which are 
different from bulk form of the same material making them 
so commercially desirable [13b]. Due to antifungal activity, 
silver can be potentially utilized in management of plant 
diseases [3,15,16]. Until now, there are a few research 
evidences that proved applicability of silver as an effective 
control measure against plant pathogens [17-20]. The 
treatment of AgNPs has been reported to increase in 
ascorbate and chlorophyll content in leaves of asparagus 
[21]. Broad spectrum antimicrobial activity of AgNPs was 
reported against spore producing fungal pathogens [17]. A 
significant reduction in mycelial growth was observed for the 
spores incubated with AgNPs [22]. To have effective control, 
the biocidal AgNPs can be applied well before the 
penetration and colonization of fungal spores within the plant 
tissues. Inhibitory effect of AgNPs was also reported against 
Powdery mildew on cucumber and pumpkin [18]. Even there 
are reports of potent inhibitory effects of biosynthesized 
AgNPs against different fungal plant pathogens [23,24]. A 
little contribution has been made to elucidate the exact 
mechanism by which AgNPs affect the uptake, translocation 
and growth of plants. The efficacy of AgNPs was also 
studied in extending the vase life of gerbera flowers [25], and 
in inhibition of microbial growth and reduced vascular 
blockage [26], which increases water uptake that maintains 
the turgidity of gerbera flowers. Thus, specifically an 
infected tissue alone can be targeted to develop novel 
nanoparticle delivery systems. Hence, nanoparticulate 
formulations proved to be novel agrochemicals with high 
specificity and improved functions. Other reports also have 
revealed a positive influence of AgNPs in the plant growth 
promotion in Brassica juncea [27], Phytolacca americana 
[28], Phaseolus vulgaris [29], and Zea mays [29]. It has also 
been reported that nanoparticle treatment could induce 
higher chlorophyll contents in Asparagus and Sorghum 
[21,30]. The effect of AgNPs on seed germination was also 
reported, that demonstrated improvement in plant growth 
and productivity [31,32]. 
 In the present study, we have studied phytosynthesis 
(synthesis using plant) of AgNPs by Azadirachta indica. 
The advantages of using plants for synthesis of nanoparticle 
is their easy availability, safe to handle, easy biomass 

handling and possess a diverse metabolites that can acts as 
a reducing and stabilizing agent. These synthesized 
nanoparticles were characterized and evaluated for their 
growth promoting activity with antifungal efficacy against 
plant pathogenic fungi. Plant growth parameters of V. 
radiata such as percent of seed germination, shoot length, 
root length, chlorophyll ‘a’ fluorescence were studied. 
Excellent growth promoting activity was demonstrated 
with the aid of morphological and physiological markers 
using Handy PEA analyzer. 

Experimental 
All chemicals including silver nitrate, antifungal discs, 
amphotericin-B antibiotic were purchased from Hi-Media, 
India. 

Synthesis of AgNPs by leaf extract of Azadirachta indica 
Twenty-gram fresh leaves of A. indica were collected, 
washed with 70% alcohol for 10 min followed by sterile 
distilled water. Finely cut leaves were boiled in 100 ml 
sterile distilled water and extract was obtained by filtration 
through Whatman filter paper No.1. Thus, extract collected 
was used for the synthesis of AgNPs.  

Characterization of AgNPs 
Visual detection 
The 1% leaf extract was challenged with 1mM AgNO3 for 
the synthesis of AgNPs. The yellowish-green color changes 
to dark-brown clearly indicate the formation of AgNPs. 
Color change was developed immediately after the 
treatment of freshly prepared plant extract with 1 mM 
AgNO3. The synthesized AgNPs were then purified and 
concentrated by repeated centrifugation at 15000 g for 30 
min to remove unreacted silver ions and metabolites from 
the plant extract. The pellet was collected and dissolved in 
deionized water.   
UV-Visible spectrophotometer 
The treated plant extract was scanned in the wavelength 
ranging from 200-800 nm at a resolution of 1nm by UV-
visible spectrophotometer (Shimadzu 1700, Japan). 
Nanoparticle Tracking Analysis (NTA)  
Nanosight (LM-20, UK) was used to determine the average 
size of the synthesized AgNPs by diluting 5 µl of sample 
with nuclease free water. Diluted sample was injected into 
the sample chamber and observed through LM 20 and the 
size was measured. 
Fourier Transform Infra-Red Spectroscopy analysis 
(FTIR) 
Synthesized AgNPs were dried in a hot air oven and mixed 
with KBr, crushed using mortar and pestle and then were 
subjected to FTIR (Perkin-Elmer FTIR-1600, USA) 
analysis by scanning the spectrum in the range of 400-4000 
cm-1 at a resolution of 4cm-1. 
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Zeta potential analysis 
The zeta potential was measured by Malvern Zeta Sizer 90 
(ZS-90) to determine the stability of nanoparticles. 30 µL 
of nanoparticle sample was diluted and sonicated for 15 min 
at 20 Hz. Then mixture was filtered with the help of 0.22 
µm filter and used for zeta potential measurement. 
Transmission electron microscopy 
The size and morphology of AgNPs were examined with a 
JEOL JEM-1011 Transmission Electron Microscope 
(TEM) operating at an acceleration voltage of 100 kV. 
Specimen for TEM observations were prepared by 
pipetting a few drops of nanoparticle dispersed solution 
onto a carbon-coated Cu mesh grid. 
Antifungal activity 
The antifungal activity of the AgNPs was evaluated against 
plant pathogenic fungi including Fusarium oxysporum 
(MTCC 1755), Fusarium graminearum (MTCC 1893), 
Phoma glomerata (MTCC 2710) and Aspergillus niger 
(MTCC 41) on potato dextrose agar by disc diffusion 
method. The antifungal activity was determined by growing 
fungi on potato dextrose agar plates. Four discs 
impregnated with 20 μL AgNPs (1mg/ml), antibiotic 
(Amphotericin-B) and 1mM AgNO3, Antibiotic+AgNPs 
respectively were placed onto the agar plate inoculated 
prior with the test fungi and incubated overnight at 250c. 
The zone of inhibition was measured after 72 h. 
Assessment of plant growth promotion activity of AgNPs   
Treatment of Vigna radiata with AgNPs 
Seeds of V. radiata (Mung) were collected from local 
market of Amravati. Seeds were washed with 1% H2O2 for 
5 minutes followed by 70% alcohol for 2 minutes. Finally, 
the seeds were rinsed with sterile distilled water thrice. 
Some seeds were soaked in distilled water which were 
taken as a control, and others were in AgNPs solution 
(1mg/ml) for 2 h followed by rinsing with distilled water 
twice and placing on a germinating paper in a petri dish. 
After germination of three days, the seedlings were 
transferred to a pot containing 3:1 ratio of soil and sand 
under natural light condition. The experiment was 
performed in triplicate. Plants were regularly watered and 
examined for their morphological characteristics. After 2-3 
days of germination, percent of seed germination and shoot 
lengths were recorded at periodic time interval. Percent 
germination was calculated by dividing the number of seeds 
germinated over the total number of seeds inoculated and 
expressed as percentage (%). 
Measurement of Chlorophyll ‘a’ fluorescence 
The chlorophyll ‘a’ fluorescence measurement was carried 
out using Handy PEA (Plant Efficiency Analyzer) 
(Hansatech Instrument Pvt Ltd, UK).  Both experimental 
and control set were made in triplicate and were subjected 
to measure Chlorophyll ‘a’ fluorescence. Plants were 

placed in dark at room temperature for 15 min before 
measurement. The dark-adapted samples were illuminated 
homogenously over an area of 4 mm diameter with three 
light-emitting diodes (LEDs). The induced fluorescence 
was quickly measured. Initially, observations were 
recorded at 10µs intervals for the first 300 µs. The Handy 
PEA data was analyzed by JIP-test to calculate the specific 
and phenomenological fluxes using Biolyzer software [33-
35]. The Handy PEA data was used to analyze the vitality 
and photosynthetic competence of experimental plants 
against control. 
Height, Fresh Weight/Dry Weight of Shoot and Roots 
After twenty days of inoculation, the phenotypical 
characters such as height, length of roots, fresh and dry 
weight of both shoots and roots were studied. 

Results and discussion 
In the present study, the plant growth promotion activity of 
phytosynthesized AgNPs was evaluated. A. indica plant 
extract was used as reducing and stabilizing agent for the 
synthesis of AgNPs because it is readily available and also 
showed potent antimicrobial activity against bacteria and 
fungi [36]. On treatment with 1mM AgNO3, the colour of 
the plant filtrate was changed to dark brown indicating the 
synthesis of phytostabilized AgNPs (Fig. 1).  
 

 

 
Fig. 1. Synthesis of AgNPs using neem extract [A-Control (Neem filtrate); 
B-Experimental (AgNPs)], C= UV-Vis spectra of phytosynthesized 
AgNPs. 

 The synthesized AgNPs were scanned in the range of 
200-800 nm of UV-Vis spectrophotometer and observed a 
sharp narrow peak with a maximum absorbance at 415 nm. 
This sharp peak indicates that, nanoparticles were spherical 
in nature. The absorbance provides information regarding 
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the size and structure of the nanoparticles based on their 
surface plasmon resonance [37].  
 These phytostabilized AgNPs were concentrated and 
purified for further characterization. Nanoparticle tracking 
analysis (NTA) reveals that the nanoparticles were having 
average size 88 nm with a standard deviation (SD) of 44, and 
concentration as 3.20 × 108 particles/ml (Fig. 2(a)). The PDI 
value ranges from 0.0 (for a perfectly uniform sample with 
respect to the particle size) to 1.0 (for a highly polydispersed 
sample with multiple particle size populations). The PDI 
value for AgNPs was found to be 0.458 which is found within 
a range of 0 to 1. This value does show polydisperse nature 
of the synthesized nanoparticles. 
 Zeta potential is a measure of the electrostatic potential 
on the surface of the nanoparticles and is related to the 
electrophoretic mobility and stability of the suspension of 
nanoparticles [38]. On the basis of zeta potential value of 
the nanosilver suspension, one can determine whether or 
not the AgNPs will form aggregate and potentially settle 
out of suspension. The zeta potential of the 
phytosynthesized nanosilver suspension measured by 
Malvern Zeta sizer 90 (ZS 90, USA) was found to be -35.6 
which denotes its stability (Fig. 2(b)).  
 The higher the absolute value of the zeta potential, the 
more likely the nanoparticles will remain in suspension; 
whereas, lower the magnitude of the zeta potential, the more 
likely the nanoparticles will form aggregate together [38]. 
Gade and colleagues have reported that the value above 30 
mV irrespective charge on the nanoparticle is stable [39]. 
 FTIR analysis confirmed that silver ions were reduced 
and stabilized by the capping agent (Fig. 2(c)). FTIR analysis 
reveals the presence of specific functional groups 
constituting organic molecules. The present FTIR spectra 
showed absorption peaks to be associated with the stretching 
vibrations for –C-H (2935 cm-1), N-H bend (1625 cm-1),  
-C-N- stretch (1025 cm-1) that corresponds to amide linkages 
of the protein [40,41]. This confirms the association between 
proteins or other biomolecules i.e., secondary metabolites, 
free amino groups or cysteine residues present in the 
proteins, which have the strongest ability to bind silver metal.  
 The major chemical constituents present in the neem 
extract were identified as nimbin, nimbidin, quercetin, 
azadirachtin. These compounds are known to possess 
potent insecticidal activity, and antimicrobial activity 
against bacteria and fungi which are now getting resistant 
to antibiotics [42,43]. Several groups reported 
phytochemicals and heterocyclic compounds as capping 
agent for nanoparticles [44] and combination of AgNPs and 
natural compounds with antimicrobial properties Francine 
[45]. Gade and colleagues reported the ability of quercetin 
a quinine compound in the reduction of silver ions to form 
AgNPs [39]. Hence, these properties were exploited to 
develop potent antifungal agent which will eventually 
promote plant growth by suppressing fungal infections. The 
size and topology of synthesized AgNPs was confirmed as 
uniform, almost spherical and with a size range of 15-35 
nm on the basis of TEM analysis (Fig. 2(d)). The difference 

in size determined by TEM and NTA is due to the fact that 
TEM gives the exact size and image of the metal 
nanoparticles as the beam of electrons used in it transmits 
through an ultrathin specimen, which interacts with the 
specimen. While NTA calculates hydrodynamic radius, 
which was always larger. There are some reports which 
proves the fact that NTA analysis results in larger particle 
sizes compared with TEM [46].   

 

 

 

 
Fig. 2 (a) Nanoparticle Tracking Analysis of Phytosynthesized AgNPs 
(LM 20); (b) Zeta potential analysis of Phytosynthesized AgNPs; (c) FTIR 
analysis of phytosynthesized AgNPs where, A-Plant filtrate, B-Neem 
Silver; (d) TEM analysis of phytosynthesized AgNPs shows uniform, 
spherical with a size ranging from 5-25 nm. 
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Evaluation of antifungal activity 

The purified biogenic AgNPs were evaluated for antifungal 
activity against plant pathogenic F. oxysporum, F. 
graminearum, P. glomerata and A. niger. The antifungal 
activity was determined by disc diffusion method.  
Four discs viz., AgNPs, Amphotericin-B, 1mM AgNO3  
and AgNPs+Antibiotic discs were placed on to the  
medium. AgNPs exhibited excellent antifungal activity 
singly as well as when used in combination with antibiotic 
against Fusarium species followed by A. niger and then P. 
glomerata proving it as a novel antifungal agent (Fig. 3(a)). 
 The average zones of inhibition (ZOI) shown by 
AgNPs only, did not show much variation (13-16 mm) for 
all four fungus. In the similar way, precursor AgNO3 even 
smaller ZOIs than that of the AgNPs (i.e., 10-13 mm). 
antibiotic Amphotericin-B alone showed significant ZOI 
ranging between 15-18 mm. But, when AgNPs were 
combined with antibiotic the fungicidal activity of AgNPs 
was enhanced to a greater extent. This indicates that the test 
materials followed same order of fungicidal activity as, 
AgNPs+Ab > Ab > AgNPs > AgNO3. The results suggest 
that AgNPs are capable of inhibiting these test pathogens, 
however, results vary according to the concentration and 
type of AgNPs applied to pathogens [3]. Previous reports 
of mechanism of inhibition suggests that AgNPs may 
directly bind to and penetrate the cell membrane to kill 
spores and can significantly inhibit mycelial growth 
according to the concentration of the applied nanoparticles 
[47,48].  Although the penetration of AgNPs into microbial 
cell membranes is not yet completely understood [49]. In 
addition, AgNPs exert detrimental effect on several 
biomolecules including sugar, protein, n-acetyl 
glucosamine and lipid of culture filtrate and cell wall 
components of both plant pathogens [50]. The combined 
effect of a standard antifungal agent (fluconazole) with Ag-
NPs was reported against pathogenic plant and human 
fungal pathogens [51]. Similar antimicrobial potential of 
AgNPs in combination with antibiotics was demonstrated 
against P. acnes, C. albicans, T. mentagrophytes and M. 
canis [52]. 

Evaluation of plant growth promotion activity of AgNPs 

Activity of AgNPs was evaluated for their plant growth 
promotion and seed germination activity on Mung bean 
plant. The seeds treated with AgNPs were found to be with 
higher germination percentage (93.33%) as compared to 
untreated (Control) (60%). Mazumdar and Ahmed claimed 
that different concentrations of AgNPs have different effect 
on seed germinations, root and shoot growth [53]. In the 
present study, the seeds treated with AgNPs (1mg/ml) 
showed higher seed germination (93.33%) as compared to 
control (60%). After 20 days, difference between root and 
shoot height, their fresh and dry weight biomass was 
calculated. Ultimately the length of root and shoot of V. 
radiata treated plants was greater as compared with control 
(Fig. 3(b)).  

 The plants treated with AgNPs showed greater fresh 
and dry weight and length of roots and shoots as compared 
to control which is due to the remarkable influence of 
AgNPs treatment (Fig. 3(c)). 
 

 
Fig. 3. (a) Graphical representation of Antifungal activity of 
phytosynthesized AgNPs against test fungi; (b) Difference between shoot 
and root height; (c) Difference between the fresh weight and dry weight of 
Shoots and Roots; (d) Fluorescenc e plot shows Chlorophyll a 
fluorescence difference between control and experimental (Green = 
Control, Red = Experimental). 
 
Analysis of Chlorophyll ‘a’ fluorescence 

The study of chlorophyll ‘a’ fluorescence has been 
considered to calculate the specific energy fluxes 
(ABS/RC, ETo/RC, TRo/RC and DIo/ RC), 
phenomenological fluxes (ABS/CS, ETo/Cs TRo/CS, 
DIo/CS, RC/CSo, ABS/CSo) and PIabs.  The plants treated 
with AgNPs showed maximum Chl ‘a’ fluorescence as 
compared to the control (Fig. 3(d)). Due to application of 
AgNPs the treated plants showed highest Chl ‘a’ 
fluorescence than that of control. It is concluded that 
AgNPs might act as catalyst for growth promotion activity.  
The radar graph shows the average OJIP test values 
resulting from the Chl ‘a’ fluorescence measurement of 
control and treated plants with AgNPs. The plants treated 
with AgNPs showed the highest performance index per 
absorption (PIabs) and less dissipation per reaction centre 
(DIo/RC) as compared to control (Fig. 4).  

 
Fig. 4. Radar plot of experimental (Red) and control (Green) plants. 
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Fig. 5. Pipeline model of control and experimental showed membrane and leaf model (Leaf model). 

 Moreover, the plants treated with AgNPs showed 
higher number of reaction centre per cross section 
(RC/CSo), electron trapping per reaction centre (ETo/RC) 
as compared to the control.   

In the pipeline model the membrane model of treated 
plants showed higher performance index per absorption 
(PIabs) (64.3304) and less dissipation per reaction centre 
(DIo/RC) as compared to control (47.7991) (Fig. 5).  
 These parameters also provide evidence that the 
AgNPs accelerate the growth of treated plants as compared 
to control. The black points in leaf model represent the 
fraction of inactive reaction center. The treated plants do 
not show any fraction of inactive reaction centers but 
control showed the fraction of inactive reaction center. 
Phenomenological leaf models are based on calculations of 
parameters per leaf cross section based on equations 
derived by Strasser and coworkers for control and 
experimental plants [54]. In leaf model the thickness of 
each arrow shows the value of absorbance (ABS/RC), 
trapping per absorbance (TR/ABS), electron transport per 
absorbance (ET/ABS) or dissipation per absorbance 
(DI/ABS). This is all for leaf cross section. The RC/ABS 
and ETo/ABS were found to be increased in plants treated 
with AgNPs as compared to control plants. All these 
changes may be due to less deactivation of RC in treated 
plants than control which cause perturbation in electron 

transfer (ETo), so that the number of active RC controlled 
the intensity of the photosynthetic reactions. 
Conclusion  
The Phytosynthesized and phytostabilized AgNPs  
were found to be helpful in overall growth profile of  
V. radiata. The present findings revealed that these  
AgNPs enhanced plant growth promotion with a broad 
spectrum antifungal activity against selected plant 
pathogenic Fusarium, Phoma and Aspergillus species. 
Plants treated with AgNPs had shown maximum root and 
shoot length as compared to the control plants.  Further, 
thorough   field trials are needed in order to use AgNPs for 
better crop yield.  
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