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Abstract: In this study, saponin capped triangular silver nanocrystals have been synthesised using fenugreek seed extract,
where the extract acts both as a reducing and capping agent. X-ray diffraction study confirms the purity and crystalline nature of
the prepared nanocrystals and transmission electron microscopic study shows the triangular morphology with the average edge
length of 72 nm, along with the atomic force microscopy study for the height or the width of the triangular nanocrystals. These
nanocrystals have been investigated against a few pulses (seeds) such as Pisum sativum, Cicer arietinum and Vigna radiata for
their effect on the germination as well as growth of root and shoot. Considering different concentration of silver nanocrystals
solution, it has been found that 25 × 10−4 and 80 × 10−4 μg/ml are the minimum and maximum concentrations of silver
nanocrystals, within this range, germination and subsequent growth of root and shoot are effective. The result shows significant
positive influence on the growth of root and shoot of all seeds in comparison to those of unexposed control germination.
Therefore, the result of this experiment has confirmed that the use of saponin capped silver nanocrystals enhances the
germination and growth of plants.

1 Introduction
Nanoscience and nanotechnology is a promising field of
interdisciplinary research [1–4]. Nanomaterials have many
different technological applications in different branches of
science. In the field of biological science, nanomaterial synthesis,
using many plant extracts, what is known as green synthesis
processes, along with their applications, is recently a growing area
of research [5–7]. Green synthesis is a synthesis process through
which, toxic level of the prepared nanocrystals may be reduced by
capping the nanocrystals with non-toxic plant extract, whereas
nanocrystals capped by other chemical agents such as PVP, MPA
etc. are toxic than that prepared by green synthesis method. Among
many nanocrystals, silver has been reported to be the most
commercialised nanomaterials [8–11], which is being widely used
in consumer products and are frequently used for biochemical,
electronic, optical, and pharmaceutical and health applications, due
to their extraordinary physical and chemical properties [12–14].
Recently, a few authors reported that silver nanocrystals can be
used for better germination of different seeds and can act as a
growth promoter in many seeds that are largely related to the
agricultural field [15–19]. This effect of silver nanocrystals on
germination is still under investigation and the interactions of
nanocrystals with plant species have not yet been fully studied and
explained.

So, with an aim to study the effect of green synthesised saponin
capped silver nanocrystals on the germination and growth of root
and shoot plant, we have considered three types of seeds of three
pulses such as Pisum sativum, Cicer arietinum and Vigna radiate.
The prepared saponin capped nanocrystals have been characterised
for their morphological study by transmission electron microscope
(TEM), atomic force microscope (AFM), and UV/vis spectroscopic
study. Finally, the effect of these silver nanocrystals on the
germination and subsequent growth has been studied to reveal the
optimum level of the concentration of silver nanocrystals.

2 Experimental section

2.1 Chemicals and materials

Silver salt (AgNO3, 99 + %) was secured from Sigma Aldrich.
Fenu Greek seeds (Trigonella foenum-graecum) have been
obtained from the local store. These seeds have been washed a few
times with deionised water to make them free from surface
contamination and other residue particles.

2.2 Synthesis of silver nanocrystals

2.2.1 Extract preparation: Trigonella foenum-graecum seeds are
cleaned with normal water and afterwards with double distilled
water. Then, 10 g of the cleaned seeds is taken in a beaker
containing 100 ml distilled water and heated at a temperature 70°C
for 20 min, where the water starts turning into a light yellow
coloured solution, as shown in Fig. 1a. This is the extract of seeds,
which is filtered and stored at normal temperature for the
preparation of silver nanoparticles (AgNPs).

2.2.2 Triangular AgNP preparation: To synthesis silver
nanotriangle, silver nitrate solution having normal pH with 2 mM
concentration is put a beaker at 100°C, in which 7.5 ml extract is
added into the 150 ml AgNO3 solution at 100°C under steady
stirring at a rate of 400 rpm for 1 h [20–23]. Here, the extract
reduces the Ag+ ions in the solution into stable AgNPs, the
formation of which has been further confirmed from the dark
brown colour of the solution, as shown in Fig. 1b. This colour
remains stable for more than six months, which in turn confirms
the stability of the colloidal solution of triangular AgNPs. The
FTIR spectral study in Section 3.5 confirms the capping of the
silver nanotriangles by saponin, one of the components of the
extract.

3 Results and discussions
3.1 TEM study

To get a visual confirmation about the size and shape of the
nanocrystals, TEM study is the best method, which is here
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performed on a JEM-2100, JEOL TEM, operating at 200 kV
accelerating voltage. Fig. 2a shows a TEM image, which confirms
the formation of Ag nanotriangles with the edge length of the
triangle as ∼72 nm, whereas Fig. 2b shows the HRTEM
micrograph of the prepared triangular silver nanocrystals, where
‘d’ spacing has been found to be 0.24, 0.19, 0.15 and 0.13 nm
corresponding to the planes (111), (200), (220) and (311),
respectively, along with the selected area electron diffraction
(SAED) pattern as in the inset of Fig. 2b. 

From Fig. 2b, it is clear that almost 90% of the nanoparticles
are of the type of triangular nanoparticles, having almost the same
morphology, whereas there are only a few spherical nanoparticles
(<10%) which are very small. In the chemical synthesis process, it
is very difficult to control the size distribution so as to make the
size distribution range narrow. There may always remain such
unwanted small nanoparticle (<10%). From the HRTEM image,
Fig. 2b, it is clear that prepared silver nanocrystal is polycrystalline
in nature, which is also confirmed from the SAED pattern, as the
SAED pattern contains spot with rings. Now, the formation of this
polycrystalline nanoparticle can be attributed to the low
temperature [24] as at low temperature; reaction becomes slow.

3.2 AFM analysis

AFM images also have been studied for the morphological
analysis, with a commercial AFM system (BrukerInnova) specially
for the height or width of the silver nanotriangles, apart from the
edge length study. Figs. 3a and b show, respectively, the 3D and 2D
AFM images, along with a height profile of the nanotriangles, as
shown in Fig. 3c. AFM images clearly indicate that the edge length
of the nanotriangle is 76 nm, which matches with the TEM result,
whereas height is ∼25 nm. 3.3 X-ray diffraction (XRD) analysis

The XRD pattern of silver nanotriangles is shown in Fig. 4, which
clearly indicates the crystallinity of the prepared sample and all
these XRD peaks confirm the formation of silver nanocrystals,

Fig. 1  Solution of
(a) Aqueous extract of Trigonella foenum-graecum Aqueous extract of Trigonella foenum-graecum seed, (b) Colloids of saponin capped triangular silver nanocrystals

 

Fig. 2  TEM micrograph of
(a) Triangular silver nanocrystals, (b) Silver nanocrystal showing lattice spacing (High Resolution image), along with the SAED pattern in the inset

 

Fig. 3  AFM image of
(a) 3D triangular AgNPs, (b) 2D triangular AgNPs, (c) Along with corresponding
height profiles
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having cubic structure, without any impurity. The assigned
diffraction planes (111), (200), (220) and (311) are observed at the
position of 38.05, 44.12, 64.03 and 78.08, which matches with the
JCPDS software having the card no. (JCPDS 07-0783) [25–29].

In the HRTEM image, Fig. 2b shows different lattice spacing
for respective planes and all the different d-spacing have been
matched well with the XRD pattern, by recognising their planes.
Table 1 gives the calculated d-spacing values from XRD and that
obtained from TEM for respective planes. 

3.4 UV/vis spectroscopy analysis

Here, UV/vis absorption spectral study has been performed on
Perkins Elmer spectrophotometer Lambda 11. Fig. 5a shows the
absorption spectra of the extract, which shows a peak at around
330 nm of wavelength. Again, Fig. 5b shows the absorption spectra
of the prepared silver nanocrystals, where the characteristic
absorption peak of the AgNPs has been observed at 425 nm and
this absorption band originates due to the collective oscillation of
free electrons in the conduction band in resonance with the
frequency of the incident light wave, known as surface plasmon
resonance (SPR) [30–35]. In other words, it can be said that due to
this SPR, silver nanocrystals show an absorption band in the visible
range [36–39]. It is reported that silver nanotriangle shows three
absorption peaks corresponding to three different modes of
plasmon oscillation such as in-plane dipole resonance, in-plane
quadrupole plasmon resonance and out-of-plane quadrupole

resonance [40]. The position of the band around 560 nm and strong
band around 420 nm, respectively, due to in-plane dipole resonance
and in-plane quadrupole plasmon resonance, are not fixed and
these peaks get red-shifted with the increase in the edge length of
the nanotriangle [41–43]. However, there is a fixed band at around
350 nm, which does not change with the change in the edge length.
We have got a peak for our prepared saponin capped silver
nanotriangle at 425 nm corresponding to the edge length of 72 nm,
which arises due to the in-plane quadrupole plasmon resonance.
Now, as the UV/vis spectra of the extract give an absorption peak
around 330 nm of wavelength, so, this spectra does not interfere
with that of the UV/vis spectra of the silver nanotriangles.

3.5 FTIR spectroscopy study

FTIR absorption spectra of aqueous extract of Trigonella foenum-
graecum seed and extract capped AgNPs are shown in Figs. 6a and
b, respectively, which has been carried out in a Perkin Elmer FTIR
Spectrophotometer instrument in the range of 800–4000 cm−1. The
pure extract of Trigonella foenum-graecum seed shows the
absorption peaks at 3416 cm−1 due to the –OH stretching vibration,
at 1056 cm−1 due to the C–O–C stretching vibration, at 633 cm−1

because of the =C–H bending vibration and at 542 cm−1 due to the
=C–Cl bending vibration [44, 45], which can be assigned to
saponin [45], one of the major components of the extract. The seed
extract also shows the absorption peaks at 2140 cm−1 due to the
stretching vibration of carbon–hydrogen (–CH2) bond [46] and at
1321 cm−1 due to the stretching vibration of C–OH group (νC−OH),
which further confirms the presence of gallic acid in the extract
[47].

Now, the FTIR spectra of extract capped silver nanocrystals
show peaks at 3400, 1072 and 532 cm−1, respectively, which
changes from the peak positions at 3416, 1056 and 542 cm−1 of
saponins. This shift in the spectra takes place due to the bond
weakening by making bonds with the AgNP surface and thereby,
stabilises the nanocrystals. This study clearly confirms that the
component, saponin is responsible for stabilising the nanocrystals
against the agglomeration.

Fig. 4  XRD pattern of silver nanocrystals
 

Table 1 Calculated lattice spacing from XRD and HRTEM
XRD peak position (2θ) Corresponding Planes (JCPDS

07-0783)
Calculated lattice spacing from

XRD, nm
Observed lattice spacing from

HRTEM image, nm
38.05 (111) 0.2362 0.24
44.12 (200) 0.2051 0.19
64.03 (220) 0.1452 0.15
78.08 (311) 0.1223 0.13

 

Fig. 5  UV/vis spectra of
(a) Fenugreek seed extract, (b) Green synthesised silver nanocrystals
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3.6 Procedure of germination study and statistical methods

Culture condition: Experiments are done at room temperature
under moderate normal daylight in a room where continuous
normal airflow takes place. In each Petri dish, we have taken such
amount of water so that the seed remains almost half merged. 15
seeds are taken in each Petri dish for Pisum sativum and for Cicer
arietinum, whereas in the case of Vigna radiate 10 seeds are used.

Biological replicates and statistical methods: The experiment
was carried out in a completely randomised design with four
replicates and each individual treatment was repeated four times.
Statistical analysis has been conducted with the origin software.

3.7 Effects on the germination and growth of plants

Recently, many authors have reported that different nanomaterials,
including AgNPs [17, 18, 48–60] can directly or indirectly effect
the germination and growth processes of many seeds, when these
nanomaterials come in close proximity of seeds. Hence, we are
interested in the study of the effect of saponin capped silver
nanotriangles on the germination and subsequent growth processes
against a few seeds such as Pisum sativum, Cicer arietinum and
Vigna radiate. For this study, the AgNP solution has been diluted
immensely and then seeds have been treated with a different
diluted concentration of AgNPs.

In different Petri dishes, seeds are almost half merged in water
containing silver nanocrystals of different concentrations, which
are shown in Fig. 7 with one dish as control, which is without
silver nanocrystals. These dishes are kept for more than 5 days at
room temperature, in a room where sufficient light can enter during
the daytime so that germination can take place. Here, water is used
as a control, as seeds need water for germination.

After a few trials with different concentrations of AgNPs, it has
been found that the germination rate of these seeds gets
significantly increased after treatment with AgNP [48, 52, 61–68],
against the control, along with significant enhancement of the
shoot and root, as shown in Fig. 8. During this rigorous study with
different concentrations, a minimum concentration of AgNPs has
been found out, which is considered the lowest dose for effective
germination and subsequent growth, below which no such effect
has been observed against the control in terms of measured growth
characteristics.

The experimental results of the exposer of silver nanocrystals
on these three seeds, with the concentration of 25 × 10−4 μg/ml
(T1), 50 × 10−4 μg/ml (T2) and 80 × 10−4 μg/ml (T3) AgNPs,
regarding the seed germination along with seedling growth of
Pisum sativum, Cicer arietinum and Vigna radiata plants, are
shown in Fig. 8.

Fig. 6  FTIR spectra of
(a) Aqueous extract of Trigonella foenum-graecum seed, (b) Saponin capped silver nanocrystals

 

Fig. 7  Half merged seeds for maintaining the air–water interface, in the presence of silver nanocrystals of different concentrations for
(a) Pisum sativum, (b) Cicer arietinum and, (c) Vigna radiate
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Now, the fact is that when AgNPs solution is added for the
germination study to each Petri dish, some extract gets added to it
and remain present in the sample during germination. So, to
examine the effect of this little bit of extract, we have studied the
germination of the seeds in the presence and the absence of
approximately the same amount of extract in the water against the
control. The results of this study are shown in Fig. 9, in which
Figs. 9b, d and f show the germination of three respective seeds in

control and in the extract solution. It has been observed that for
germination, both cases have taken same time and also growth is
almost same. Hence, this study confirms that there is no noticeable
effect of extract on the germination of seeds and subsequent growth
processes.

Again, with respect to Fig. 8, the root and shoot lengths have
been measured with a scale for respective germinated seeds and
also for each concentration, whose values are given in Table 2. 
Figs. 10a and b give the bar diagram showing the effect of silver
nanocrystals of different concentration on the growth of root and
shoot. 

Further, more studies have been performed to find out the
minimum concentration dose for germination. The experimental
study indicates that the lowest doses for effective germination for
Pisum sativum, Cicer arietinum and Vigna radiata are 12 × 10−4,
23 × 10−4 and 07 × 10−4 μg/ml, respectively. Now, the most
important part of the study is that, beyond a certain maximum dose
of 95 × 10−4, 110 × 10−4 and 90 × 10−4 μg/ml for the respective
seeds, an adverse effect of overdose of silver nanocrystals has been
observed, where premature death of the seedlings has been
observed, as shown in Fig. 11. 

These minimum and maximum doses of AgNPs for respective
seeds are given in Table 3. 

Fig. 8  Effect of different concentration of green synthesised silver
nanocrystals on seedling of
(a) Pisum sativum, (b) Cicer arietinum, (c) Vigna radiata

 

Fig. 9  Petri dish containing seeds of Pisum sativum, Cicer arietinum and
Vigna radiate respectively
(a), (c), (e) In control and in the presence of extract solution before germination (b),
(d), (f) In control and in the presence of extract solution after germination

 

Table 2 Effect of saponin capped silver nanocrystals on seedling growth of Pisum sativum, Cicer arietinum and Vigna radiata
seeds
Different concentration, μg/ml Pisum sativum Cicer arietinum Vigna radiata

Length of root,
cm

Length of
shoot, cm

Length of root,
cm

Length of
shoot, cm

Length of root,
cm

Length of
shoot, cm

25 × 10−4 2.76 1.62 0.93 2.02 4.65 3.22

50 × 10−4 3.51 2.20 1.92 2.45 5.28 3.61

80 × 10−4 3.90 2.52 2.87 3.63 13.26 6.42

control 1.76 0.99 0.20 1.30 0.54 1.46
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Again, on comparing with untreated plants, the mean
germination time (in hours) has been found to get decreased, as
given in Table 4, which indicates a very positive response of silver
nanocrystals. 

A plot of mean germination time against different
concentrations is shown in Fig. 12, which confirms that the
germination process is faster against the control. Moreover, the
growth of root and shoot has also been observed to be much faster
against the control, which is clear from Figs. 10a and b,
respectively.

Overall, the results of germination confirm that there is effect of
silver nanotriangles on germination and subsequent growth.
Moreover, every seed has a pore-like opening called micropyle, the
diameter of which is different for different seeds, but much larger

than the nanoparticle size [15, 69–71]. Hence, silver nanotringles
can easily penetrate inside the seed through this micropyle, which
may change the cell membrane of the seeds, along with other cell
structures. So, this germination effect, along with the subsequent
growth processes, which takes place due to the interaction with the
silver nanocrystals, may be attributed to the increase of water
absorption abilities by all these seeds [55, 56], increase of nitrate
reductase and to the promotion of antioxidant systems of seeds [67]
in the presence of silver nanocrystals. For this, silver nanocrystals
play an important in the germination of all these seeds.

4 Conclusions
Saponin capped silver nanocrystals have been synthesised by green
synthesis method and characterised by TEM, XRD, FTIR and
UV/vis spectroscopy. TEM study reveals that the edge length of the
nanocrystals is about 72 nm with a triangular shape, whereas
UV/vis spectroscopic study gives an absorption peak at around
425 nm. XRD clearly indicates the crystalline nature of the
prepared silver nanocrystals. The application of a suitable
concentration of silver nanocrystals increases the seed germination
of a few pulses and subsequent growth of plants. Further, we have
also observed that at a particular concentration, the enhancement of
root and shoot of plants is maximum. Therefore, it is obvious that
silver nanocrystals have an impact on seed germination.

Fig. 10  Growth parameter of
(a) Root versus different concentration of silver nanocrystals, (b) Shoot versus
different concentration of silver nanocrystals

 

Fig. 11  Effect of overdose on Cicer arietinum by silver nanocrystals
 

Table 3 Minimum and maximum concentrations for
effective germination of Pisum sativum, Cicer arietinum and
Vigna radiata seeds
Name of
seeds

Minimum
concentration, μg/ml

Maximum
concentration, μg/ml

Pisum sativum 12 × 10−4 95 × 10−4

Cicer arietinum 23 × 10−4 110 × 10−4

Vigna radiata 07 × 10−4 90 × 10−4

 

Table 4 Influence of silver nanocrystals concentration on
the acceleration of seed germination
Different
concentration,
μg/ml

Average
germination

time for
Pisum

sativum, h

Average
germination

time for Cicer
arietinum, h

Average
germination

time for Vigna
radiata, h

25 × 10−4 48 68 50

50 × 10−4 43 62 42

80 × 10−4 40 57 38

control 72 78 81
 

Fig. 12  Average germination time of seeds versus different concentrations
of silver nanocrystals
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