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Abstract: Advancement in materials synthesis largely depends up on their diverse applications and commercialisation.
Antifungal effects of phytogenic silver nanoparticles (AgNPs) were evident, but the reports on the effects of the same on
agricultural crops are scant. Herein, we report for the first time, size dependent effects of phytogenic AgNPs (synthesised using
Stevia rebaudiana leaf extract) on the germination, growth and biochemical parameters of three important agricultural crops viz.,
rice (Oryza sativa L), maize (Zea mays L) and peanut (Arachis hypogaea L). AgNPs with varied sizes were prepared by
changing the concentration and quantity of the Stevia rebaudiana leaf extract. As prepared AgNPs were characterized using the
techniques, such as high-resolution transmission electron microscopy, particle size and zeta potential analyser. The measured
(dynamic light scattering technique) average sizes of particles are ranging from 68.5 to 116 nm. Fourier transform infrared
studies confirmed the participation of alcohols, aldehydes and amides in the reduction and stabilisation of the AgNPs.
Application of these AgNPs to three agricultural crop seeds (rice, maize and peanut) resulted in size dependent effects on their
germination, growth and biochemical parameters such as, chlorophyll content, carotenoid and protein content. Further,
antifungal activity of AgNPs also evaluated against fungi, Aspergillus niger.

1Introduction
The demand for nanoscience and nanotechnology based products
has been increasing rapidly in several fields as a solution to an
array of critical problems which were not addressed effectively by
any other technology or science so far. The phenomenal quantum
effects exhibited by the matter at nanoscale (1–100 nm) and
tapping of some of these effects resulted in the development of
novel products. Agriculture, being a host of a variety of materials,
could be one of the best platforms to find novel applications of a
given material and is being one of the most attractive research
fields of the materials scientists in the recent past, at nanoscale in
particular. Silver is one of the best known antifungal agent from the
ancient times, and it continues to attract the mankind even more at
nanoscale. Nanoscale silver particles (AgNPs) found numerous
avenues for their applications as medicine stands first followed by
health care, cosmetics and home appliances. Though there are
several number of methods available to produce AgNPs, chemical
routes are often posing toxic effects [1–8] leading to the restricted
usage of the same. AgNPs synthesised through the green routes
such as using plants and plant materials [9–17], microbes [12–15],
biotemplates [18–23] not only having wide applications, but also
are relatively less/non-toxic encouraging these AgNPs for
application in biology.

Recently, there has been a large focus on the nanoscience usage
in the crop yield improvement in various varieties of staple and
economic crops. Nanotechnology permits broad advances in
agricultural research, such as reproductive science and technology,
conversion of agricultural and food wastes to energy and other
useful byproducts through enzymatic nanobioprocessing, disease

prevention and treatment in plants using various nanocides [22].
Recent reports explain the usage of nanoparticles to increase the
supply of pesticides and fertilisers through plant shoots and foliage
[24].

Use of phytogenic metal nanoparticles in agriculture is
attractive due to the ease of synthesis and cost effectiveness in
making nanoparticles. Moreover, the stability of phytogenic
nanoparticles is an interesting character in applied perspective
where the size dependent effects play an important role in
agricultural productivity and quality. The nanoparticles, which are
capped by bio-materials giving exceptional stability in the solution
which is the most significant and desired property needs to be
achieved for biological and commercial applications.

Several reports are available for synthesising nanoparticles
using plant extracts such as geranium leaf, neem leaf, lemon grass
and Aloe vera plant extracts. There are several reports of effective
usage of AgNPs on various aquatic species such as fishes [8, 25–
27], water fleas [28–30] and algae [31]. However, use of AgNPs in
terrestrial ecological systems and efficacy studies related to staple
agricultural crops is scant [32–35].

Stevia rebaudiana (Asteraceae) is a wild perennial herb grown
on a commercial scale in a number of countries [36] and reported
about availability of sesquiterpenes-based bisabolane, germacrane
[37], flavonoids, diterpene [38], bis-nor-diterpene and sterols [39–
41]. The presence of sweet diterpene glycosides in Stevia is an
important ingredient for diabetic patients as an artificial sweetener
[40–44] and dried leaves and/powdered leaves are being used as an
alternative to sugar/carbohydrates.

Synthesis of AgNPs using Stevia rebaudiana was reported [45],
however, control over size of AgNPs has not been found. In the
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present investigation, leaf extract of Stevia rebaudiana was
prepared and used to synthesise varied size AgNPs. To the best of
our knowledge it is the first report on the application of phytogenic
AgNPs on important crops of cereal and pulse to assess their size
dependent effects on germination, growth and biochemical
parameters.

2Experimental
2.1 Collection of plant material

Stevia rebaudiana plant leaves were purchased from the local
market in Tirupati, Andhra Pradesh, India. The leaves were
thoroughly washed for three times with double distilled water and
then shade dried for 7 days.

2.2 Preparation of aqueous extract (AE)

The shaded dried Stevia rebaudiana plant leaves were ground to
get fine powder. Then, 10 g of powder was mixed with 100 ml of
distilled water and boiled for 30 min. After that, the extract was
filtered using Whatman No. 1 filter paper and collected in plastic
bottles and stored at 4°C for further characterisation and
experimentation.

2.3 Preparation of Stevia rebaudiana AgNPs

To prepare AgNPs, a 90-ml aqueous solution of 1 mM silver nitrate
was mixed with 10 ml of 1 and 2% aqueous solution of Stevia
rebaudiana leaf extract. The silver samples were mixed with Stevia
rebaudiana leaf extract at different concentrations such as 2% – 20
(S1), 2% – 5 (S2), 1% – 20 (S3) and 1% – 5 (S4) and the bulk form
of the silver nitrate solution were marked B. It was observed that
the colour of the solution has been changed from yellow to dark
brown which visually confirms the formation of AgNPs.

2.4 Characterisation of AgNPs

2.4.1 UV–vis is spectral analysis: The bioreduction of silver and
the localised surface plasmon resonance (LSPR) of AgNPs was
recorded by UV–vis spectrophotometer (UV-2450, SHIMADZU)
from 400 to 800 nm.

2.4.2 Fourier transform infrared (FTIR) spectroscopic
measurements: The FTIR spectrum was taken in the mid-IR
region of 400–4000 cm−1. The spectrum was recorded using
attenuated total reflectance technique. The dried sample was mixed
with the KBr (1:200) crystal, and the spectrum was recorded in the
transmittance mode.

2.4.3 High-resolution transmission electron microscopy
(HRTEM) measurements: The characterisation of the samples
was done by transmission electron microscopy (HRTEM, JEOL,
3010). The TEM samples were prepared by drop casting the
suspensions on carbon coated Cu grids.

2.4.4 Particle size and zeta potential analysis: The hydrosol
containing AgNPs was filtered through a 0.22-ml syringe-driven
filter unit, and the size and distribution of the nanoparticles were
measured using dynamic light scattering technique (Nanopartica,
HORIBA, SZ-100).

2.4.5 Germination of seeds: The Arachis hypogaea (peanut),
Zea mays (maize) and Oryza sativa (rice) seeds procured from
Regional Agricultural Research Station, Tirupati and were soaked
with 100 ml each of AgNPs S1, S2, S3, S4, bulk silver sample (B)
and control with distilled water. Further, the soaked seeds were
allowed to germinate in Petri dishes under continuous white
illumination after 3 days and controlled room temperature. The

seeds are supplied with 10 ml of distilled water daily to maintain
moisture in the seeds and for uptake of nutrients from the seeds.
After the appearance of sprouts during seventh day the shoot, root
lengths and germination percentages were calculated as per the
following equation [46]: (see equation below) Root and shoot
lengths were recorded and expressed in centimetres using a
standard ruler. The shoot and root lengths were recorded after the
appearance of the second leaves in monocots rice and maize on
tenth day. In case of dicotyledonous peanut plant, the emergence of
the second branch leaves was marked to record the shoot and root
lengths were measured on 24th day. All germinated plants from
each species were selected to record the average root and shoot
lengths.

2.4.6 Determination of chlorophyll: During the 15th day of
plantlets growth fresh 1 g second leaf was collected and
immediately homogenised with chilled 80% acetone in motor and
pestle. The absorbance of the extracts at wavelengths 480 (A480),
663 (A663) and 645 nm (A645) were measured using
schimadzu-2450 UV–vis spectrophotometer. The concentrations of
chlorophyll-a, chlorophyll-b, total chlorophyll and carotenoids
were then calculated using the (Arnon, 1949) as given below:

Chl a = 12.72 × A663 − 2.59 × A645

Chl b = 22.9 × A645 − 4.67 × A663

Total Chl −t = 20.2 × A645 + 8.05 × A663

Cars = A480 + 0.14 × A663 − 0.638 × A645

Using the above formula and dilution factor leaf pigment contents
such as Chl-t and Chl a/b ratios were determined and expressed as
mg/g FW.

2.5 Total soluble protein estimation

Total soluble protein was estimated according to the method of
[47] with few modifications during extraction. Fresh 1 g leaf
samples were weighed and homogenised using 1% sulphosalicylic
acid in motor and pestle, further it is incubated overnight in
refrigerator. The pelleted samples were neutralised using 5 ml of
basic 1%NaOH solution. In the above mentioned 1 ml sample, 5 ml
of Lowry reagent (1% CuSO4 0.5H2O + 1% sodium potassium
tartarate + 2% Na2CO3 in 0.1 N NaOH) was added, vertexed well
and incubated at room temperature for 30 min. Then 0.5 ml of
Folin-phenol (Qualigens) reagent was added and incubated for 10 
min at room temperature and the absorbance was read immediately
at 680 nm using Schimadzu-2450 UV–vis spectrophotometer. The
total soluble protein content was calibrated against the standard
graph obtained using bovine serum albumin (Sigma) as standard
protein.

2.6 Antifungal activity

Aspergillus niger a severe contaminant of agricultural harvest was
isolated from the peanut seeds and maintained from several years
in the laboratory is used in the preparation of log phase cultures.
The spores were suspended in potato dextrose agar (PDA) broth
solution in 250 ml Erlenmeyer flask and incubated for 24–72 h.
Spores were collected and used for assessing the antifungal
properties of S1–S4 compounds. The fungal spores were inoculated
in four corners of Petri plate, while a 40 µl solution of each
compound S1–S4 was poured into well at the centre of each PDA
plates. Similarly 40 µl streptomycin served as standard antifungal
agent as a control for comparison and interpretation. Finally, the
plates were incubated at 24 ± 4°C for 24–72 h. The radial growth
and the diameter of the clear zones were measured on the fourth
day.

Germination percentage

= Total seeds with sprouting 0.2 mm / Total number of seeds soaked .
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2.7 Statistical analysis

The statistical significance of all the values was tested with F-test
at 5% level of probability and compared the treatmental means
with critical difference. The mean values were separated from
Duncans multiple range test.

3Results and discussion
3.1 UV–vis spectral analysis

It is well known that AgNPs exhibit brown colour, which arises
due to excitation of surface plasmon vibrations of the AgNPs. After
addition of 1 mM silver nitrate solution to the Stevia leaf extract,
the colour of the composition has been changed from yellow to
dark brown. UV–vis spectroscopy was employed to record the
LSPR of the AgNPs. The maximum absorbance peaks were
observed at 445 nm – S3, 443 nm – S4, 441 nm – S2 and 434 nm –
S1 (Fig. 1a). During the reduction of silver ions by phytochemicals
or other reducing agents present in Stevia leaf extract, the electrons
are trapped in the small quantum boxes leading to quantum
confinement of silver material. The direct consequence to this
phenomenon is LSPR which is responsible for changes in the
colour of the mixed solution. The colour change was observed
immediately and to the best of our knowledge, this is the shortest
time reported for the synthesis of AgNPs using plant extract. 

During phytogenic particle synthesis nucleation process is the
fundamental step for the formation of AgNPs, and it is dependent
on the solubility of silver nitrate in the phytoextract solution. If the
solubility is low then there is a possibility of enhancement in the
rate of nucleation to a greater extent [48]. The important step
during the process of nucleation is the surface energies of AgNPs.
Minimisation of the surface energies of nanoparticles reduces
surface area and leads to the achievement of desired sizes of
nanoparticles. The presence of high amount of phytochemicals and
ions in the Stevia extract alters the surface energy of the silver ions
and directs the growth of crystal faces leads to the formation of
different size and shaped nanoparticles and structures [49, 50].

3.2 FTIR analysis

FTIR spectrum is used to identify the possible chemical
interactions among the silver salts and functional groups present in
the leaf extract. FTIR spectrum of the synthesised AgNPs using
Stevia leaf extract is shown in Fig. 1b. In the sample S1, the
absorption peaks at 3865.11 and 3683.42 cm−1 reveal the presence

of O–H stretches, indicating the presence of alcohols and phenols.
The peaks at 2920.14, 2852.74 and 1440.07 cm−1 reveal the
presence of C–H stretches, indicating the presence of alkanes. The
peak at 2443.78 cm−1 reveals the presence of O–H stretch,
indicating the presence of carboxylic acids. The peak at 1721.73 
cm−1 reveals the presence of C=O stretch, indicating the presence
of aldehydes. The peak at 1147.01 cm−1 reveals the presence of C–
H wag (–CH2X), indicating the presence of alkyl halides. The peak
at 1013.37 cm−1 reveals the presence of C–N stretch, indicating the
presence of aliphatic amines. The peak at 660.18 cm−1 reveals the
presence of C–H band indicating the presence of aromatics. The
peak at 570.48 cm−1 reveals the presence of C–Br stretch,
indicating the presence of alkyl halides.

In S2, the absorption peak at 3680.39 cm−1 reveals the presence
of O–H stretch, indicating the presence of alcohols and phenols.
The peaks at 2921.11 and 2863.27 cm−1 reveal the presence of C–
H stretch, indicating the presence of alkanes. The peak at 1725.59 
cm−1 reveals the presence of C=O stretch, indicating the presence
of aldehydes. The peak at 1528.02 and 1442.14 cm−1 reveals the
presence of N–O asymmetric stretch, indicating the presence of
nitro compounds. The peak at 1149.82 cm−1 reveals the presence of
C–H wag (–CH2X), indicating the presence of alkyl halides. The
peak at 1008.24 cm−1 reveals the presence of C–N stretch,
indicating the presence of aliphatic amines. The peak at 624.03 cm
−1 reveals the presence of C–Br stretch, indicating the presence of
alkyl halides.

In S3, the absorption peaks at 3785.20 and 3685.71 cm−1 reveal
the presence of O–H stretches, indicating the presence of alcohols.
The peaks at 2921.01 and 2853.63 cm−1 reveal the presence of C–
H stretches, indicating the presence of alkanes. The peaks at
1816.43 and 1727.20 cm−1 reveal the presence of C=O stretches,
indicating the presence of aldehydes. The peak at 1011.73 cm−1

reveals the presence of C–N stretch, indicating the presence of
aliphatic amines. The peak at 581.38 cm−1 reveals the presence of
C–Br stretch, indicating the presence of alkyl halides.

In S4, the absorption peak at 3684.55 cm−1 reveals the presence
of O–H stretches, indicating the presence of alcohols. The peaks at
2920.49 and 2853.57 cm−1 reveal the presence of C–H stretches,
indicating the presence of alkanes. The peak at 1727.94 cm−1

reveals the presence of C=O stretch, indicating the presence of
aldehydes. The peak at 1012.40 cm−1 reveals the presence of C–N
stretch, indicating the presence of aliphatic amines. The peak at

Fig. 1 Maximum absorbance peaks
(a) UV–visible spectroscopic micrograph and showing the LSPR of AgNPs (434–443 nm) synthesised using Stevia rebaudiana leaf extract with different concentrations (S1–S4), (b)
FTIR spectroscopic micrograph representing the functional groups responsible for the reduction and stabilisation of AgNPs synthesised using the AE of Stevia rebaudiana leaf
extract at different concentrations (S1)
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562.72 cm−1 reveals the presence of C–Br stretch, indicating the
presence of alkyl halides [51].

Whereas bio-reduced AgNPs showed the peaks corresponding
to the same organic functional groups confirms the involvement of
proteins in reduction and stabilisation of silver ions. The silver ions
are bound to the functional organic groups (carboxyl and amine)
that are present in the Stevia rebaudiana plant leaves extract, and
these functional groups could act as template for reducing and
capping of AgNPs.

3.3 Dynamic light scattering analysis

Dynamic light scattering technique has been used to measure
hydrodynamic diameter (HDD) of the hydrosol. The HDD was
found to be S1 – 77.5 nm, S2 – 111.7 nm, S3 – 68.6 nm and S4 –
98.9 nm (Fig. 2). The recorded zeta potentials were −39.8, 37.0,
−126.0 and −87.1 mV for S1–S4, respectively. If the hydrosol has a
large negative or positive zeta potential (>25 mV), then the
particles tend to repel with each other and show no tendency to
agglomerate resulted in highly dispersed particles. 

The surface morphology, size and shape of AgNPs were shown
in HRTEM micrograph (Fig. 3) and it is evident that AgNPs were
spherical in shape and were polydispersed. The measured average
size of AgNPs was 50 nm and occasional agglomeration of the
AgNPs has been observed. 

3.4 Germination%

The data presented in Tables 1 and 2 clearly shows that S3 and S4
samples promoting germination of peanut, rice and maize
compared with the bulk and control. Whereas, samples S1 and S2
show less growth compared with bulk samples in monocots like
rice and maize and within the AgNPs the germination percentage
exhibited size dependent variation in germination percentages
(Table 1). In peanut with all the AgNPs treatment (S1–S4) recorded
higher (100%) germination. In maize, S3 and S4 samples recorded
(100%) higher germination percentages compared with S1 and S2,
but less than bulk (60%) and control (60%) samples. In rice, the S3
and S4 recorded higher percent of germination (100%) compared
with bulk (25%) and control (75%). 

3.5 Root and shoot lengths

Similar to that of germination percentage AgNPs samples S3 and
S4 enumerated the growth promoting function with respect to shoot

and root lengths in rice and maize seedlings measured during 12th
day in rice, maize and peanut measured during 24th day after
germination. The images depicted in Fig. 4a average values
(Table 2) of root and shoot lengths in three crops peanut, maize and
rice clearly explain the size dependent effects of AgNPs on the
tested seeds. The average root and shoot length values indicates
that phytogenic AgNPs promotes the growth of root and shoot of
peanut, maize and rice except with the sample S1 and rice in
comparison with bulk silver (bulk) and control. Whereas, in case of
bulk sample retarted growth of root and shoot was observed in
comparison with control shows the phytotoxic nature of bulk silver
during germination of the plants similar to other heavy metals such
as, cadmium [52], copper [53], lead [54] and arsenic [55] as
reported earlier. Several reports also available in the literature on
silver to ascertain their effect on seed germination, biomass
reduction [34] and other parameters in plants such as, Daphnia
magna [31], rose plants [56], snap dragon [57], Cucurbita pepo
(54) on other nutrients of plants [58] also in human cells [59]. 

3.6 Chlorophyll content

The photosynthetic pigments Chls a and b are the essential to
plants for proper photosynthetic light phase reactions, during the
growth and development of plants (62) and the same was estimated
in the foliage of seedlings.

3.6.1 Rice: The total chlorophyll content recorded in rice with the
application of phytogenic AgNPs (38.3% – S1, 49.7% – S2, 20.6%
– S3, 46.8% – S4 and 16.85% – bulk silver) is less compared with
control (Fig. 5). A similar trend was followed when compared with
the bulk silver (25.8% – S1, 39.5% – S2 and 4.5% – S3) except
36.04% increment on application of S4 (98.9 nm). The
concentrations of Chls a and b values have given changes in the
compositions of important photosynthetic pigments. The Chl a/b
values (Supplementary data) recorded with the application of
phytogenic AgNPs are higher (53.8% – S2, 135.3% – S3, 66.1% –
S4 and 123% – bulk silver) compared with control except 23% less
in S1. 

The photoprotection mechanism of carotenoids in rice with the
application of differently sized phytogenic AgNPs was clear with
results indicating 25% (S1), 83.35% (S2), 45.8% (S1) increase and
25% (S3), 85% (bulk silver) decrease in carotenoid content
compared with control. Thus there is an increased in
photoprotection mechanism to resist the low total chlorophyll
content in rice due to bulk and AgNPs treatments.

Fig. 2 Histograms represents particle size distribution of silver nanoparticles synthesized using different concentrations (S1, S2, S3 and S4) of Stevia
rebaudiana leaf extract
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3.6.2 Maize: The chlorophyll content of maize plants treated with
four different sizes of phytogenic AgNPs was given in Fig. 6. The
low chlorophyll content (59.6, 55.7, 25 and 59.6% in S1–S4,
respectively) compared with control in all treatments, indicates
inhibitory effects of phytogenic AgNPs in photosynthesis process.
However, phytogenic AgNPs with hydrodynamic diameter 68.6 nm

(S3) promoted photosynthesis process by recording 4% higher
chlorophyll content compared to bulk silver.

The Chl a/b ratio was recorded higher (135.1, 117.9, 16.2 and
58.9% in S1–S4, respectively) when compared with control and
compared with bulk silver, higher values of 61.4% in S1, 49.12%
in S2 and 8.77% in S4 were recorded except that 20.4% less in S3
(68.6 nm) (Supplementary data). The above results clearly explain
the size dependent effects of phytogenic AgNPs in promoting the
Chls a and b synthesis in maize.

Carotenoid, a photopigment content also influenced by the size
of the phytogenic AgNPs. Total carotenoid content (Fig. 6) was
recorded 50, 33.3 and 33.3% less in S1, S2 and S4, respectively,
and 16% less in bulk silver compared with control. Similarly, when
compared with bulk silver 40, 15 and 20% less recorded in S1, S2
and S4, respectively, and incontrast 20% higher carotenoid content
was recorded in S3. The experimental results could be attributed to
the higher photodamage in relatively smaller size phytogenic
AgNPs (S3 – 68.6 nm) and less photodamage in bigger AgNPs (S1,
S2 and S4).

Fig. 3 TEM micrograph (50 nm bar scale) of AgNPs showing spherical-shaped particles with varied sizes synthesised using different concentrations (S1–S4)
of Stevia rebaudiana leaf extract

 

Table 1 Germination percentages in ground nut, maize and
rice under different treatments
Treatments Germination percentage

Ground nut Rice maize
S1 100 ± 0.5 20 ± 0.3 30 ± 0.4
S2 100 ± 0.5 20 ± 0.6 10 ± 0.5
S3 100 ± 0.2 100 ± 0.2 40 ± 0.2
S4 100 ± 0.3 100 ± 0.4 40 ± 0.3
B 81.8 ± 0.4 20 ± 0.8 60 ± 0.2
control 90 ± 0.2 75 ± 0.8 60 ± 0.4
Each value is the ± SE of three replications.
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3.6.3 Peanut: Total chlorophyll content in peanut was
investigated to be higher in S1 (11.7%) and S4 (17.6%) compared
with bulk silver (Fig. 5). This explains the toxic role of bulk silver
on total chlorophyll synthesis process. However, in the case of S2
and S3 the chlorophyll contents were found to be 47 and 29.45%
less in comparison with bulk samples (Fig. 6). The possible reason
for this change in chlorophyll content among the chemically
similar AgNPs treatments is due to change in physico-chemical
properties such as size and zeta potential of samples.

Chl a/b ratio similar to total chlorophyll content Chl a/b ratio in
S1, S2 and S3, are 6, 62.5 and 31.25 higher and 6% less in S4
respectively, with control (Supplementary data). Compared with
bulk silver 41.6, 116, 75 and 25% higher Chla/b ratio in S1–S4,

respectively, evidences the growth promotive role of phytogenic
AgNPs in the synthesis of Chl a and b pigments individually.

Carotenoid content (Fig. 6) indicates the photo-protection
mechanism in plants (62). In this study, the increase in carotenoid
contents in S1, S4 and bulk treatments represent higher damage to
Chl a, whereas in S2 and S3 samples low carotenoid content of
0.557 and 0.703 µg/g FW (leaf), respectively, was recorded
compared with bulk and control samples. In S2 and S3, the
photodamage is minimal and in S1, S4 and bulk samples it is high,
this may be due to development of photo-protection mechanism.
Increase in photo-protection mechanism leads to increase in
carotenoid content represents higher absorption of light and
subsequent damaging function of electron generation in
photosynthesis process. 

Table 2 Average root and shoot lengths in ground nut, maize and rice under different size treatments
Treatments Ground nut Maize Rice

At 24th day average length, cm Average length, cm Average length, cm
Root Shoot Root Shoot Root Shoot

S1 7.1 ± 0.2 25.5 ± 0.4 5.06 ± 0.2 8.6 ± 0.4 0.2 ± 0.4 0.2 ± 0.4
S2 8.4 ± 0.4 23.5 ± 0.2 5.0 ± 0.2 8.5 ± 0.2 3.04 ± 0.2 2.18 ± 0.6
S3 7.5 ± 0.5 22.8 ± 0.7 6.05 ± 0.4 8.88 ± 0.4 6.08 ± 0.7 3.02 ± 0.4
S4 5.4 ± 0.3 19.2 ± 0.5 7.3 ± 0.4 8.95 ± 0.7 3.68 ± 0.4 2.76 ± 0.5
B 4.2 ± 0.7 18.0 ± 0.4 3.2 ± 0.3 3.16 ± 0.6 0.2 ± 0.4 0.2 ± 0.6
control 5.2 ± 0.2 17.9 ± 0.2 3.86 ± 0.2 5.56 ± 0.5 3.8 ± 0.2 2.88 ± 0.4
aEach value is the ±SE of 3 replications.
 

Fig. 4 Average values of root and shoot lengths
(a) Size dependent effects of AgNPs on the growth of peanut seedlings (after 24 days of germination), (b) Size dependent effects on antifungal activity of AgNPs synthesised using
different concentrations of (S1–S4) Stevia rebaudiana leaf extract against A. niger, (c) Control

 

Fig. 5 Total chlorophyll content in peanut, maize and rice leaf with the application of different sizes of phytogenic AgNPs
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As a whole from the results of total chlorophyll content (Fig. 5),
carotenoid content (Fig. 6) it is clear that each plant species differs
in its response physically and biochemically to different sizes of
applied phytogenic AgNPs. Similar type of results was not reported
earlier in case of staple food crops with the application of
phytogenic AgNPs and in depth studies at molecular level are in
progress to reveal the exact reasons for the obtained results.

Decrease in Chl a/b ratio represents the increase in Chl b
pigment content which is an undesired character. The increase in
Chl b pigment content causes photodamage [60, 61]. The above
mentioned phenomenon of photodamage is corrected by the
increase in the carotenoid content. Thus among the four AgNPs
samples S2, S3 promotes Chl a synthesis and Chl b is promoted by
S1 and S4.

Similar results of chlorophyll pigment damage were earlier
reported by treatment with heavy metals like, lead [61, 62] in
plants, and also in Chlorella vulgaris a cyanobacteria by zinc
toxicity [63, 64]. Thus in this study the Chl a, pigment damage is
clearly observed in the (Supplementary data) bulk and with
different sizes of phytogenic AgNPs.

3.6.4 Protein: An important biomolecule required for the
functioning of any living cell is a protein, which plays a vital role
in performing all the metabolomic functions. Similar to total
chlorophyll content, Chl a/b ratio and carotenoid content,
differential total soluble protein content was recorded in all the
three crop plants with the applied phytogenic AgNPs.

The protein content per gram leaf was found higher in rice
seedlings was recorded as increased to 14% – S1, 165.9% – S2,
251% – S3 and 173% – S4 and decrement of 24.8% in bulk silver
was recorded in comparison with control (Fig. 7). Similarly, in
maize fresh leaf protein quantity increased to 4% – S1, 39% – S2,
433% – S3 and 45.9% – S4 and decreased to 57.6% in bulk silver
in comparison with control (Supplementary data Fig. 8). In peanut,
the protein content was recorded as increased to74% – S1, 19% –
S2 and 23% – S3, decreased 70% – S4 and 22.8% – bulk silver
treatments when compared with control (Fig. 7). Therefore,

significant enhancement in leaf protein content in peanut, maize
and rice has been observed with the application of different size
phytogenic AgNPs. 

Thus from the above results of germination percentage and
chlorophyll content and protein content biochemically the bulk
form of the silver has inhibited the growth of seedlings. Similar
results were reported about bulk silver effect on protein content by
Hong et al. [65]. Though there are much nutrients available in the
pod the bulk silver treated plant show stunted growth in
comparison with control. However, in case of phytogenic AgNPs
S1 and S4 the nanoscale silver has promoted the seedling growth.
In a study, it has been reported that treating of fennel (Foeniculum
vulgare Mill) seeds to 60 ppm of nano TiO2 significantly improved
germination percentage [66]. A similar trend was followed by
shoot dry weight and germination rate [66]. The change in
behaviour of nanoparticles in biological systems with respect to
size was reported in mammalian cells uptake, using gold
nanoparticles [67, 68] change in antimicrobial activity of
phytogenic AgNPs, interactions of AgNPs with chitin like
biomolecules [63]. In the present investigation, the enhancement of
growth and biochemical parameters with the application of
phytogenic AgNPs in peanut, maize and rice crop plants may be
attributed to the stimulated production of glutathione in the
presence of silver [69]. Glutathione, a tri-peptide well known for
removal of seed dormancy and transport of amino acids. The
possible mechanism of enhancing the glutathione production in the
presence of silver is depicted in Fig. 8.

Similar results showing the changes in physical properties of
gold nanoparticles with respect to size and different refractive
indices were reported by Veronica 2004 [70] including change in
bioimaging properties of gold nanoparticles.

3.7 Antifungal efficacy of Stevia rebaudiana leaf-extract
mediated AgNPs

AgNPs obtained from Stevia leaf extract have very strong
inhibitory action against Aspergillus niger (Fungal sp.), the higher

Fig. 6 Carotenoid content in peanut, maize and rice leaf with the application of different sizes of phytogenic AgNPs
 

Fig. 7 Total protein content in peanut, maize and rice leaf with the application of different sizes of phytogenic AgNPs
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concentrations of (S1) AgNPs and streptomycin showed significant
antifungal effect Table 3 compared with other concentrations (S2–
S4). The inhibitory action of the microbes may be attributed to the
loss of replication ability of DNA upon treatment with the silver
ion. The higher antifungal activity of smaller-sized nanoparticles
could be due to the large surface area-to-volume ratio and the
enhanced surface activity. Further, the fact is that nanoparticles are
more abrasive in nature than bulk AgNO3, thus contributing to the
greater mechanical damage to the cell membrane resulting in
enhanced fungal effect shown in Fig. 4b. 

4Conclusion
In the applications of nanoscale materials, size plays an important
role in revealing their potentiality in different fields including
biology. With the change in concentration of the plant extract,
synthesis of varied sizes of AgNPs was achieved. As the material
exhibits size dependent properties at nanoscale, their behaviour in a
biological system like plant is being interesting. Size dependent
and species specific triggering of the biochemical processes in
plants by the phytogenic AgNPs has been observed. Growth
promoting properties have been observed with all the sizes and
crops tested, which was not the same case with the bulk silver.

Therefore, it is evident that at nanoscale, the size of particles
determines the behaviour of materials in different cellular
machinery (plants and microbes). So one can alter the size of the
nanoscale materials to achieve the prominent output applications in
these respective fields.
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