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Abstract — The present study investigated the effects of
different concentrations of silver nanoparticle on various
plant growth parameters of Vigna radiata plant. The
nanoparticles were synthesized from a bacterium,
Klebsiella pneumoniae strain STC4 and were confirmed by
UV spectrophotometer and Transmission electron
microscope. Various parts of Vigna radiata were subjected
to Atomic Absorption Spectrophotometer analysis to study
the accumulation of silver nanoparticles. The results
showed that small concentrations of silver nanoparticles
had a stimulating effect on the growth of plantlets, while
the largest concentration induced an inhibitory effect.
However, increasing concentration of silver nanoparticles
from 2000 to 6000 ppm had led to increase in germination
frequency, shoot length, leaf surface area, chlorophyll and
carotenoid content. There was no significant difference in
root length and number of leaves. In the AAS analysis, it
was found that roots of mung bean plant accumulated
more silver nanoparticles than other parts indicating its
phytostabilization property.

Keywords - silver nanoparticles, Transmission electron
microscope, Vigna radiata, seed germination, AAS.

l. INTRODUCTION

Nanotechnology, a developing technology in India, opens
a large scope of innovative applications in biotechnology and
agricultural areas. In the past 10 years, nanotechnology has
been extensively useful in the agriculture sector and the
nanoparticles are often incorporated into nano-formulated
fertilizers and pesticides for protection of crops [1]. It also acts
as plant-growth stimulators [2], fungicides to prevent fungal
diseases [3], or agents to enhance fruit ripening [4]. The
growing consumption of nanoparticles certainly increases the
chance of release of the nanoparticles into the environment
during its synthesis, incorporation into products, during
handling, recycling or disposal of these products [5,6]. The
nanoparticles are indeed accumulating in the soil or water
reservoirs in greater quantities [7].

The plants roots absorb nutrients, water, and contaminants
from their growing environment. As the plants may assist as a
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potential pathway for the transportation of nanoparticles
through the food chain [8], the growing applications of
engineered nanomaterial in the world have raised a growing
concern about their potential adverse impacts on ecosystems,
food safety and human health [9]. Therefore, to evaluate
possible environmental risks imposed by nanoparticle
application, it is significant to understand the interaction
between nanoparticles and plants, as well as the performance
and harmfulness of nanoparticles in plants. Nevertheless, the
performance of nanoparticles in plants and phytotoxicity
mechanism are so intricate that contrary outcomes regarding
the effects of nanoparticles on the plants were attained from
numerous studies during the previous decade [10,11].

Different types of nanoparticles exhibit discrete behaviours
and translocation features. During interaction with biological
environments, nanoparticles can be transformed by plants,
which in turn alter environmental fate and toxic properties of
nanoparticles [12,13]. Therefore, the toxicity and behaviour of
nanoparticles are determined by not only shape, structure,
particle size, charge, mass concentration, elemental
composition, and state of aggregation etc., but also by the
physicochemical evolution [14]. Henceforth, in order to
precisely evaluate the phytotoxicity of nanoparticles, it is
necessary to determine the original features of nanoparticles
before treatment, uptake and translocation, cellular
internalization and intracellular biotransformation during
interaction with plants.

Silver is the second deadly metal to aquatic creatures after
mercury [15]. In fact, silver nanoparticles can leach silver
ions, which are persistent, bio accumulative, and highly toxic
to organisms [2]. Consequently, the silver nanoparticles
release into ecosystems increases huge concerns about
ecological toxicity. The plants are an important part of
ecosystem because the primary trophic level in ecosystems
represents the base of the food chain [16]. Therefore a good
understanding between the impacts of silver nanoparticles on
plants is of paramount importance for assessing its toxicity.
Hence, the present study examined the growth parameters,
uptake and translocation of silver nanoparticles on Vigna
radiata plant.
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Il.  MATERIALS AND METHODS

A. Isolation and characterization of bacteria

The bacterium was isolated from bovine milk sample
by serial dilution spread plate technique. DNA was extracted
from the bacterial colonies and amplified by PCR. The
product of PCR was sequenced using following primers.

Forward (5’AGAGTTTGATCCTGGCTCAG3')
Reverse (5’ AAGGAGGTGATCCAGCCGCAZ)

The PCR primers and dNTPs which were excess in
solution was removed by using Montage PCR Clean-up Kit.
The 16S rRNA sequencing reactions were done by ABI
PRISM® BigDyeTM Terminator Cycle Sequencing Kits
using AmpliTag® DNA polymerase. The 16S rRNA
sequences were compared with other nucleotide sequences,
maintained by GenBank database, using NCBI-BLAST
program. Finally 16S rRNA sequences were aligned by
CLUSTAL W and the phylogenetic tree was constructed using
Maximum Likelihood method in MEGA X.

B. Preparation of microbial extract

The fresh culture of the bacterium was inoculated in
Nutrient Broth (Himedia) and kept in rotary shaker for 24
hours at 100 rpm. The broth with the cells was centrifuged for
20 minutes at 5200 rpm and supernatant was collected.

C. Biosynthesis and Characterization of silver nanoparticles

500ml of the supernatant was mixed with 250ml
(10mM) of silver nitrate (Fisher Scientific) solution and
another reaction mixture without silver nitrate was used as
control. The prepared solutions were incubated at 30°C for 24
hours in dark to avoid photochemical reactions. The silver
nanoparticles were purified after the incubation by
centrifugation for 30 minutes at 5,200rpm and collected for
further characterization by UV-visible spectrophotometer.

The size and shape of nanoparticles was investigated
by High Resolution Transmission Electron Microscopy (HR-
TEM). The silver nanoparticles were prepared by dropping a
small amount on copper grid and extra sample was removed
by using blotting paper, and it was kept for drying at room
temperature for 15-30 minutes. HR-TEM instrument (JOEL-
JEM 2100) was operated at an accelerated voltage at 200kV.

D. Seed selection, treatment and Inoculation

The mung bean seeds were purchased from a local
store in Tirunelveli, Tamil Nadu, India. One hundred mung
bean seeds of similar size were randomly selected and
immersed in 75% ethanol for a minute to ensure surface
sterility. The silver nanoparticles were added to the seeds at
the concentration of 2000ppm, 4000ppm, 6000ppm, 8000ppm
and 10000ppm for about 4 hours after being rinsed three times
with distilled water. Few seeds were soaked in distilled water,
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and kept as control. 1.5% of agar solution was prepared,
sterilized and poured onto the pre-sterilized beakers. The
soaked seeds were inoculated on to the surface of the medium
by pressing on agar to ensure good contact. The beakers were
covered with paper and tied.

E. Seed germination frequency

The beakers were kept at dark for seeds germination.
The number of germinated seeds was counted at 24 and 48
hours. Germination percentage was calculated using the
formula [17],

Germination percentage = (Number of seeds germinated /
Total number of seeds) x 100

F. Growth measurement of mung bean plant

The beakers were left open after the germination.
Distilled water was sprinkled over the plants. Root length,
shoot length and number of leaves were recorded on day 4 and
day 7. The healthy plants were transferred to pot filled with
fertile loam soil up to ¥ the height of the pot. The plants were
measured using the ruler on the 15" day, and they were
harvested for further analysis. Fresh and dry weights, leaf
surface area were measured. Seedling vigour was computed
based on the formula [17]

Vigour index = Germination percentage (Mean shoot length +
Mean root length)

G. Estimation of chlorophyll

In a mortar, 0.5 grams of fresh plant was placed and
macerated. The process was carried out in the dim light. To
the macerate, 4ml of 99% acetone and 2ml ethanol were added
and stirred for 1 minute to ensure complete contact of the plant
material. The plant extract was kept in freezer for 30 minutes,
and then centrifuged for 10 minutes at 2000rpm. The
supernatant was mixed with 5 ml of acetone/ethanol in the
ratio 2:1 and stirred for 1 minute. Absorbance was taken at
wavelengths of 645nm and 663nm. Acetone/ethanol (2:1) was
used as control. The obtained values were substituted in the
following formulas for the estimation of photosynthetic
pigments [18].

Chlorophyll a (mg/g) = (12.7*A663) — (2.59*A645)
Chlorophyll b (mg/g) = (22.9*A645) — (4.7*A663)
Chlorophyll total (mg/g) = (8.2*A663) + (20.2*A645)

Where A663 and A645 were the absorbance measured from
663nm and 645nm respectively.

H. Estimation of carotenoid

The method of Lichtenthaler and Welburn in 1983
was used to estimate carotenoid content [19]. 0.5 grams of
fresh leaves were taken and homogenized in 10 ml of acetone
(80% acetone) and centrifuged at 3000rpm for 10 minutes, and
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then supernatant was collected and absorbance was recorded
at 470nm.

The carotenoid content is calculated by using the formula

Total carotenoids = [1000 A470 — (2.270Chlorophyll a - 81.4
Chlorophyll b)] / 227

I.  Microscopic observation

The leaves, shoot, and root of the mung bean plant
were sectioned and observed under light microscope at 10X
and 40 X.

J.  Atomic Absorption Spectrophotometer analysis

Shimadzu Atomic absorption spectrophotometer
(Model number AA6300) was used to quantify the silver
nanoparticles in leaves, shoots, and roots of Vigna radiata
plant. The samples were rinsed with distilled water and slice
into small pieces. Samples of 3 grams were oven dried at 70°C
for 24 hours, and dry weight of sample was calculated. The
dried sample was then placed in muffle furnace at 700°C for
15 hours. The ash was dissolved in 5ml of 20% of HCI.
Samples were covered and heated on a hot plate until boiling.
10% of HCI was added to avoid drying of the sample. 1ml of
HNO;3 and 3ml of HCI were added after the sample was cooled
to room temperature. Samples were filtered and final volume
will be adjusted with 10% of HCI.

I1l.  RESULT AND DISCUSSION

A gram negative, pink colour lactose fermenting
colonies was isolated from bovine milk sample. The 16S
rRNA gene sequence analysis was done to explicate the
taxonomic position and relationships amongst closely related
species. The BLAST search of the 16S rRNA sequences
(1251 base pairs) of the bacterium showed 89.17% similarity
with Klebsiella sp. OS1 (KU253719.1), Klebsiella sp.
CCFMB8375 (KJ803932.1) and Klebsiella sp. CCFM8376
(KJ803933.1). Based on the molecular taxonomy and
phylogeny, it was identified as Klebsiella pneumoniae and
designated as Klebsiella pneumoniae STC4. The 16S rRNA
gene partial sequence of the bacterium was deposited in NCBI
and got the accession number (MT348347.1). A Maximum
Likelihood tree based on 16S rRNA sequence of Klebsiella
pneumoniae strain STC4 showed that, the isolate occupied a
distinct phylogenetic position within the representatives of the
Klebsiella family (Figure 1). In the phylogenetic tree, number
of nodes indicated the ranks of bootstrap support based on
1000 resampled data sets analysis. The scale bar indicated
0.0050 substitutions per nucleotide position. The tree with the
highest log likelihood (-2713.34) was shown. Initial tree for
the experimental search were obtained using Neighbor-Join
and BioNJ algorithms to a matrix of pairwise distances and
these were assessed by Tamura-Nei model by choosing the
topology with larger log likelihood data [20]. This analysis
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involved 15 nucleotide sequences with a total of 1476
positions in the dataset.

LC427681.1 Klebsiella pneumoniae IRQBAS46
KF531636.1 Klebsiella pneumoniae strain PNP3(2)
MKE44104.1 Klebsiella pneumoniae strain STC1
KF531636.1 Klebsiella pneumoniae strain PNP3
KJ803932.1 Klebsiella sp. CCFM8375

KF413424 1 Klebsiella pneumoniae strain CZBY-1
KU837377.1 Klebsiella pneumoniae strain GX14
KU253719.1 Klebsiella sp. OS1

KT825526.1 Klebsiella pneumoniae strain NF 2015
KJ803933.1 Klebsiella sp. CCFM8376

KJ803941.1 Klebsiella sp. CCFM8284

MT242539.1 Klebsiella sp. strain KCOM 1318
EU360123.1 Klebsiella sp. PB31

EU360116.1 Klebsiella pneumoniae strain PB24
MT348347 1 Klebsiella pneumoniae strain STC4

Fig. 1. Relationships between Klebsiella pneumonia STC4 and other
members of Klebsiella pneumonia on rooted phylogenetic tree

The biosynthesis of silver nanoparticles was
examined using the bacterial supernatant primarily through the
observation of colour change of the experimental sample in
the presence of 10mM of silver nitrate. A colour change from
pale yellow to brown occurred in 24 hours. The intensity of
the colour increased with period of incubation due to the
reduction of Silver. Control exhibited no colour change in the
bacterial culture when incubated in the same duration and
condition. The colour change was due to excitation of surface
plasmon vibrations that was characteristic to silver
nanoparticles and these vibrations occurred due to arising
dipole oscillation when an electromagnetic field in the visible
range was coupled with the collective oscillations of

conduction electrons [21].
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Fig. 2. The absorption spectrum of silver nanoparticles synthesized
by Klebsiella pneumonia STC4 culture supernatant. Inset showed the
visual observation of colour change during the biosynthesis (A) Flask

with medium and silver nanoparticles, no colour change after 24
hours (b) Flask with medium with Klebsiella pneumonia STC4
culture supernatant, colour changed to brown in 24 hours

The primary characterization of biosynthesized
nanoparticles by UV-Visible spectrophotometer has been
confirmed to be a very suitable technique for the analysis of
silver nanoparticles [22]. A strong peak specific to silver
nanoparticles was observed at 397nm (Figure 2). Similar to
our findings, other researchers have also reported the
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formation of silver nanoparticles by exhibiting the typical
surface plasmon absorption maxima at nearly 397nm from the
UV-Visible spectrum [23,24].

Table 1- Effect of silver nanoparticles on root, shoot
lengths of Vigna radiata plant

Day 4 Day 7 Day 15
The TEM examination of the prepared silver [ ot - Foof | Shoot | _ oot | Shoot | _
. - . Concentration Shoot | Number Number Number
nanoparticles clearly confirmed the presence of spherical length length | Tength length | Tengh
. . . . (ppm) length | of leaves of leaves of leaves
nanoparticles of varying sizes (Figure 3). The SAED pattern (em) m) | (em) @ | (mw
showed that the synthesized silver nanoparticles were o
crystalline in nature. The size of nanoparticles ranged between Comwol | L.U7=00 | 283201 | 167=08 | 24=1.7| 68226 | 18=05 | 342=00 | 1084=18 | 1.8=03
5 tO 20nm 2000 1.90=1.1 [ 445228 | 1.40=09 | 25=09| 84=28 17=09 | 372=11 [ 1412=16| 17209
A 4000 1680=14 [ 440=22 ) 130=09 | 27=11| 93=32 18206 | 412=17 | 2027=24 | 18=06
% . . 4 O8 6000 260=17 [ 492=25 ] 150=09 | 34=21( 93=22 18=06 | 442=06 [ 2180=18 | 138=06
s . 000 220=11 ) 3.10=22 | 160=08 | 32=1.6| 87=1.8 | 1.8=0.6 | 3.32=09 | 19.60=44 | 18206
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Fig. 3. TEM micrograph of silver nanoparticles (A) along
with SAED pattern

In the present study, we assessed the impact of silver
nanoparticles on the most sensitive stages of plant
development, i.e. seed germination and seedling growth of
Vigna radiata plant. Among the germination indices, seed
germination rate was affected at higher concentration of silver
nanoparticles  (10,000ppm). In control and 8000ppm
concentration, the seed germination was 92%. On the other
side, 2000 to 6000ppm of silver nanoparticles concentration
(98 to 100%) promoted the germination of seeds compared to
control (92%).

The effect of silver nanoparticles on shoot and root
lengths, number of leaves of mung bean were shown in Table
1. It was observed that with increase in silver nanoparticles
concentration, the shoot and root lengths also increased.
However, after certain concentration (8000ppm), the root and
shoot was found to decline. 6000ppm of silver nanoparticles
found to promote root and shoot elongation better than other
concentrations and control. All the concentrations of silver
nanoparticles responded well compared to control (Figure 4).

The values are expressed in Mean + Standard Deviation

Fig. 4. Shoot (A) and root (B) length of Vigna radiata plant at
different concentrations of silver nanoparticles

The mung bean leaves appeared first in the control
plants. There was no significant difference in control and other
concentrations on 7™ and 15" day observations. Salama
reported that small concentration of silver nanoparticles had a
stimulating effect on the growth of the plantlets, while the
enhanced concentrations induced an inhibitory effect in
Phaseolus vulgaris L. and Zea mays L. [25] Odayar and his
colleagues reported that silver nanoparticles incorporated into
the growth medium does not affect plant growth at low
concentrations but at higher concentrations it showed a toxic
effect to plant growth inhibiting root formation and shoot
elongation in Trichilia dregeana [26].

The effect of silver nanoparticles on fresh and dry
weight of the plant was shown in Table 2. The 6000ppm of
silver nanoparticles treated Vigna radiata plant showed
increase in fresh weight 15% and 22% in dry weight over
control. At the highest concentration of 10000ppm, mung bean
showed increase in fresh weight 6.25% and 8.9% in dry
weight over control. The fresh and dry weights were both
significantly higher than those of the untreated plants
(Control).
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Table 2 - Effect of silver nanoparticles on fresh and dry weights of
Vigna radiata plant

Concentration Weight of fresh leaves Weight of dry
(ppm) (grams) leaves (grams)
Control 0.120 0.051

2000 0.132 0.051
4000 0.135 0.053
6000 0.141 0.065
8000 0.123 0.061
10000 0.128 0.056

In general, the leaf surface area of the tested mung
bean plant was significantly increased as the silver
nanoparticles increased till 8000ppm. The leaf surface area
showed maximum size at 6000ppm. At highest concentration
10000ppm, decline in leaf surface area was observed in the
tested plant. These results were confirmed by results obtained
from other studies [25].

Table 3 - Effect of silver nanoparticles on leaf surface area of Vigna
radiata plant

Concentration Leaf surface area
(ppm) (cm?)
Control 2.86+0.2

2000 3.07£0.2
4000 3.5+0.3

6000 3.57+0.3
8000 3.36+£0.4
10000 1.83+0.3

The values are expressed in Mean + Standard Deviation

Vigour Index calculated from percentage seed
germination and plant indicated the capacity for survival or
strong healthy growth in plant. Results of the present study
showed decrease in vigour index in nanoparticles treated
seedlings compared control (Figure 5). As nanoparticle
concentration increased the vigour index decreased. Maximum
vigor index was observed at 6000ppm. Vigour index was
lower than control at 10000ppm. Such inhibitory effects of
nanoparticles were also reported by Lin and Xing in 2007 and
Bagawade and Jagtap in 2018 on radish, rye grass and wheat
plant [17, 27].
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Fig. 5. Vigour index vs. Samples of Vigna radiata plant

Photosynthesis was the prime source of energy for
the growth of all plants, because chlorophyll (Chl) represented
an important pigment for photosynthesis. The photosynthetic
reaction was divided into primary reaction, photosynthetic
electron transport, photophosphorylation, and carbon
assimilation [28]. Chlorophyll a (Chla) and chlorophyll b
(Chl'b) were essential for the primary reaction. Chlaand
Chl b absorbed sunlight at different wavelengths. Chl a mainly
absorbed red-orange light and Chl b mainly absorbed blue-
purple light, leading to the assumption that the total amount
leaf chlorophyll content (Chlat+b) and allocated ratio
(Chl a/b) directly influenced the photosynthetic capacity of
plants [28]. This hypothesis had been confirmed by a
controlled experiment by means of numerous plant species.

Effect of silver nanoparticles on chlorophyll A and B,
total chlorophyll of Vigna radiata plant showed significant
increase above control until 6000ppm as shown in Figure 6.
These results were confirmed by results obtained from other
studies [29]. They demonstrated that chlorophyll A content
increased significantly by silver nanoparticles in Sorghum
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Fig. 6. Effect of silver nanoparticles on chlorophyll content of Vigna
radiata plant
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The effect of silver nanoparticles on carotenoid content of
mung bean showed significant increase above control as
shown in Table 4. The best results were found at 6000ppm
silver nanoparticles. In concentration 6000ppm, carotenoid
content increased by 10% compared to the control and when
the concentration increased, carotenoid contents got
decreased. These results were confirmed by results obtained
from other studies [25].

Table 4 - Effect of silver nanoparticles on carotenoid content of
Vigna radiata plant

Concentration (ppm) Carotenoid (mg/g)
Control 331
2000 3.49
4000 3.52
6000 3.64
8000 3.06
10000 3.04

The microscopic observation of leaves, stem and
roots of Vigna radiata plant revealed the presence of silver
nanoparticles.

Fig. 7. Microscopic observation of Vigna radiata plant root treated at
10000 ppm concentration of silver nanoparticles

In table 5, the result showed the accumulated
concentration of silver nanoparticles in root, stem and leaves
of Vigna radiata plant. It was observed that the plant seeds
uptake silver nanoparticles within fifteen days. The stem
accumulated varied between 84.3 ppm and 120.83ppm from
2000 and 10000ppm concentrations of silver nanoparticles
respectively. There was a slight difference in the translocation
of silver nanoparticles in stem in different concentrations.

The leaves accumulated 18ppm and 607.1ppm from
2000 and 10000 ppm concentrations of silver nanoparticles
respectively. There was a 30 fold increase in silver

nanoparticles translocated in leaves from 2000ppm to
10000ppm concentrations. Subsequently the accumulation of
nanoparticles was more in leaves; therefore it could disrupt the
synthesis of chlorophyll in leaves and thus affected the
photosynthetic system of the plant.

The roots accumulated 336.4ppm to 1238.2ppm from
2000 t010000ppm of silver nanoparticles concentrations. The
uptake of silver nanoparticles was thrice from 2000 to
10000ppm concentrations. Peng and his colleagues in 2017
reported the accumulation of copper oxide nanoparticles in
roots [30]. Stegemier and his colleagues in 2017 reported that
silver nanoparticles were distributed throughout the root tip
and showed highest concentration near the apical meristem
[31].

Table 5- Different concentrations of silver nanoparticles accumulated
at roots, stem and leaves of Vigna radiata plant analysed by Atomic
Absorption Spectrophotometer (AAS)
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Plant
2000ppm | 4000ppm | 6000ppm 8000ppm | 10000ppm
part
Roots | 336.4ppm | 693.5ppm | 786.7ppm 951.8ppm | 1238.2ppm
Stem 84.3ppm | 101.3ppm | 107.96ppm | 116.23ppm | 120.83ppm
Leaves 18ppm 30ppm 42.8ppm 55.9ppm 607.1ppm
IV. CONCLUSION

The results of the present study clearly indicated that
the small concentrations of silver nanoparticles promoted the
growth of seed germination and its vigour index, while the
largest concentration induced an inhibitory effect on Vigna
radiata plant. Reports regarding the accumulation of
nanoparticle on seeds were very limited, so this kind of study
should be quite useful in predicting the uptake of nanoparticle
during seed germination and its growth.
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