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Abstract. Nanotechnology has become a revolutionary science over the past few decades with the
potential for positive environmental, health and constructive effects. Nanoparticles (NPs) can be applied
almost in every field of science, including the agricultural sector, and attaining great importance in
current years. In the present study, Silver nanoparticles (AgNPs) were applied in vitro to examine their
effects on economically important crop, pearl millet (P. glaucum L.) grown on MS basal medium
supplemented with variable concentrations (T1 = control, T2 =20 ppm, T3 =40 ppm, T4 = 60 ppm and
T5 = 80 ppm). Effects of AgNPs were assessed by analysing the seed germination, seedlings growth and
biochemical profile of pearl millet, which were significantly affected (p <0.05) and observed to be
superior under T3 of AgNPs. The highest seed germination, seedling vigour index, root length, shoot
length and biomass accumulation were achieved under T3 as compared to other treatments. Antioxidant
enzymatic activity, Proline content, Catalase (CAT), Superoxide dismutase (SOD), Peroxidase (POD)
including total flavonoids and total phenolic contents were also determined. AgNPs under (T5), inhibited
the seed germination and seedlings growth and negatively influenced the biochemical profile by
decreasing biomass accumulation. High doses of AgNPs proved to be a stressor and produced more ROS
and toxicity, whereas it was indicated that AgNPs at suitable ratio minimized the production of ROS and
stabilized the existing mechanisms of plantlets by increasing their growth and biomass production.
Keywords: agriculture, constructive, germination, biochemical, accumulation

Introduction

The world human’s population is predicted to reach 9 billion by 2050, from the point
of the current 7.4 billion (Hakeem, 2015). Current agricultural practices will not meet
the expected demand for food due to the decrease in crop production by various factors,
including inefficient means of fertilizers, industrial pollution, insecticides, heavy metals
and climatic stresses (Hakeem, 2015). The agriculture sector is a significant contributor
of greenhouse gases (CO2, NO) due to overuse of mineral fertilizers, which emitted
about 12% of total greenhouse gases (Hakeem, 2015). A rapid increase in population,
depletion of natural resources and climatic issues are the key elements which create
pressure on the environment to use chemical fertilizers for projected demand for food
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(Mittal and Mittal, 2013). Demand for environmentally safe agricultural products is
growing up with increasing technological advancement. Application of mineral
fertilizers and pesticides causes serious intimidations to the environment, resulting in
more production of unhealthy food products. For example, the application of nitrogen
fertilizers generates the nitrous oxide, which is a greenhouse gas (Vejan et al., 2016).
Long term use of mineral fertilizers has resulted in a reduction of soil organic matter
leading to acidification of soil and causing severe threats to the survival of plants (Patra
et al., 2016). Consequently, excessive use of fertilizers to get more production can result
in damaging effects such as pollution, leaching, destruction of friendly insects and
micro-organisms which ultimately reduction in soil fertility (Hazra and Das, 2014).

In recent eras, most of the research work has been focused on exploring the effects of
nanoparticles (NPs) on plants, including other living organisms (Austin et al., 2016).
NPs characterizes significant physiochemical properties and are extensively being used
in physics, chemistry, agricultural science, environmental and medicinal field
(Majdalawieh et al., 2014; Tripathi et al., 2017) but their interactions with plant
metabolism is still needed more attention to exploring on large scale. The application of
nanotechnology in agriculture reduces the environmental risks along with high
production of agronomical crops (Chaudhuri and Malodia, 2017). In agriculture, metal-
based development of NPs such as copper (Cu), iron (Fe), silver (Ag), zinc (Zn) and
titanium dioxide (TiO2) has great potential to produce alternative nano fertilizers for
crop improvement. Among these, silver nanoparticles (AgNPSs) possess more positive
effects on the plant’s growth and development at suitable concentrations which depend
on the size and distribution of AgNPs (Yasur and Rani, 2013).

Several agricultural concerns related to crop production under stress conditions have
been elevated and improved by using AgNPs due to their diverse range of chemical and
physical properties. Antifungal, antibacterial and antimicrobial properties of AgNPs
provide a supreme edge to the farmer for the synthesis and utilization of nano fertilizers
that may lessen the cost of agronomic production and enhance sustainable agriculture.
Furthermore, AgNPs are cheaper, less toxic and environment-friendly, resulting in more
constructive effects on crop yield and production by enhancing seed germination rate,
increased seedling growth, i.e. root and shoot length and chlorophyll contents (Rafi and
Ramezanian, 2013). Different plant species (e.g. Phaseolus vulgaris, Zea mays and
Lycopersicon esculentum) have been exposed to a various dosage of AgNPs, resulted in
a significant increase in plant total biomass, lower oxidative stress, increased flavonoid
contents and high level of total phenolic contents (Berahmand et al., 2012). AgNPs have
been applied with fungicide by seed priming, which enhanced the root length, shoot
length and total biomass at lower concentrations while high levels of dosage reduced
morphological profile at germination stage in plants. In order to know the beneficial
facets of nanotechnology applied to agriculture, penetration, accumulation and transport
of NPs should be investigated, which are unexplored yet (Parveen and Rao, 2015).
Among the best methods of AgNPs application, foliar spray is demonstrated as most
exceptional for agronomic viewpoint as plant leaves may able to intake essential
elements more proficiently than roots which are directly in contact with leaf surfaces
due to high magnetic properties of AgNPs as compared to other NPs (Chaudhuri and
Malodia, 2017; Thakkar et al., 2010).

Pennisetum is the rich genus of Poaceae family. It comprises approximately 140
species that grow under various environmental conditions all over the world (Zhou et
al., 2018). P. glaucum is one of the premium and important food crops which occupy
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the sixth rank in the world with the substantial cultivated area (60%) in Africa and
(35%) in Asia. It covers about half of the total global production of millets and is
utilized as a staple food, source of protein for human beings and fodder for livestock
(Basavaraj et al., 2010; Wang et al., 2018; Zhou et al., 2019b). Seedling stage of plants
IS susceptible to different types of stresses, which leads to significant loss of crop
production in the agriculture system while NPs enhance the germination potential
(Parveen and Rao, 2015). Some evidence has shown the excellent effects of phenolic
compounds to minimize the risk of non-communicable diseases (NCD) caused by
nutritional imbalance and protection against oxidative stress within the human body
(Okarter and Liu, 2010).

AgNPs are now widely used in various fields, including agronomic crop production
and revealed as stress-reducing agents; however, more research work is still needed to
be known that how AgNPs affect antioxidant enzyme essay. The principal objective of
recent research work is to explore the influence of AgNPs on seed germination,
seedlings growth and biochemical profile in P. glaucum, which is still unexplored. To
our best knowledge, this is the first report on the biochemical profiling of in vitro
germinated P. glaucum seedlings under different concentrations of AgNPs.

Materials and methods
Plant material and sterilization

Seeds of Pennisetum glaucum (L.) R. Br. were obtained from the key laboratory of
Grassland Science, Sichuan Agricultural University, China and used as an explant for
this experiment. Seeds were well washed with simple tap water and dipped in ethanol
for 30 min. Then sterilized in 0.1% mercuric chloride (HgCl2) for 4 minutes and rinsed
with autoclaved distilled water.

Seed germination experiment

The experiment was carried out in the key laboratory of Grassland Science, Sichuan
Agricultural University, China. In this experiment, synthesized silver nanoparticles
(AgNPs) were obtained from NANOCS (Nanocs Inc. New York, NY 10001, USA),
manufactured according to > 0.75A520 units/m having 100 nm sizes (solution form).
Firstly, the dilution of nanoparticles was taken out by using a stock solution. Five
different types of treatments of AgNPs (T1 =control, T2 =20 ppm, T3 =40 ppm,
T4 =60 ppm and T5 =80 ppm) were applied to MS medium. Sterilized seeds were
inoculated in the conical flasks having MS solid medium and allowed them to germinate
under controlled laboratory conditions at the temperature of 30 £ 5 °C (Hussain et al.,
2017). Seed germination was experiential in 4-5 days and data were collected after ten
days of germination. The experiment was repeated in twice, and data were taken out in
triplicate.

Germination parameters

Germination frequency percentage

Seeds were considered as germinated when radical has taken out from the seed coat
(Hussain et al., 2017).
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Germination frequency = No. of seeds germinated x 100 / total no. of seeds

Shoot and root morphology
Length of shoot and root was measured in cm and compared by using a bar chart.

Seedling vigour index (SVI)

This was calculated by using the method of Ushahra and Malik (2013) and expressed
as:

SVI = [root length + shoot length] x germination percentage

Biochemical profiling
DPPH activity

For the estimation of antioxidant activity, a protocol described by Abbasi et al.
(2010) was used for DPPH (2, 2-diphenyl-1-picrylhydrazyl) free radical scavenging
assay (FRSA). 10 mg of dried plant samples were dissolved in 4 ml methanol and then
mixed with 0.5 ml of DPPH solution. The mixture was gently vortexed for fifteen
seconds and placed at room temperature for 30 min. Final results were concluded
when the sample absorbance was checked by spectrophotometer at 517 nm. FRSA
was calculated and expressed as:

DPPH discoloration %age = 100 x (1-As/Ab)

As: Absorbance of the solution with extract addition. Ap: Absorbance of the solution
without extract addition.

Proline contents

Proline contents were measured according to Bates et al. (1973), 0.5 g of plant
samples were homogenized by pestle and mortar in 5 ml of 3% sulphosalycylic acid.
2 ml of ninhydrin reagent and 2 ml of glacial acetic acid were added to the test tube
having 2 ml of extract. The mixture was placed in a water bath and boiled at 100 °C
for 30 min. 6 ml of toluene was added to a reaction mixture after cooling and
transferred to separating funnel. Thoroughly mixing resulted separation of the
chromophore with toluene and absorbance was measured at 520 nm by using a
spectrophotometer DU-730 (Beck Man Coulter Inc., USA)

Antioxidant enzyme extracts were prepared by using mortar and pestle. Plant
samples (1 g) were homogenized with 10 ml of extraction buffer containing (50 mM
potassium (K)-phosphate buffer with 1% polyvinyl polypyrrolidone at pH 7). The
mixture was centrifuged at 15,0000 g for 30 min at 4 °C and supernatant was used for
Antioxidant enzyme activity (Ullah et al., 2015).

Superoxide dismutase (SOD)

One of the methods described by Ullah et al. (2015) with some improvements was
used to measure the SOD activity. 1 ml of the reaction mixture was composed of 1
millimolar (mM) EDTA, 130 millimolar methionine, 0.05 molar phosphate buffer (pH
7) 0.02 millimolar riboflavin and 0.75 millimolar nitroblue tetrazoliums (NBT). The
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reaction mixture was placed under the fluorescent light for 7 min and absorbance was
measured at 560 nm using spectrophotometer DU-730 (Beck Man Coulter Inc., USA).
By using the Lambert-Beer law equation, SOD activity was calculated:

A=¢cLC

A: absorbance, &: extinction coefficient, L: length of each wall, C: concentration of
enzymes.

Catalases and peroxidases activity

The protocol of Aebi (1984) was used with some modifications to determine the
catalase activity. Enzyme extract (0.5 ml) was added to 3 ml of reaction solution
(50 mM phosphate buffer, pH 7.0 and 30% w/v H202). The catalase activity was
examined at the decrease of absorbance at 240 nm using spectrophotometer DU-730
(Beck Man Coulter Inc., USA). The estimation of peroxidase activity was measured
by following the method of Chance and Maehly (1955). 3 ml of reaction solution
containing (20 mM guaiacol, ten mM phosphate buffer and ten mM H20,) was mixed
with 0.5 ml of enzyme extract (heated in a water bath at 45 °C for 5 min before
mixing). Increase in absorbance was measured at 470 nm using spectrophotometer
DU-730 (Beck Man Coulter Inc., USA) due to the formation of tetraguaiacol
(Klapheck et al., 1990).

Estimation of total phenolic content (TPC)

For TPC estimation, 0.75 ml of Folin—Ciocalteu reagent was added to 100 ul plant
extract, gently mixed and placed them at 22 °C for 5 min. 0.75 ml of Na,CO3 solution
was then added to the mixture and kept at 22 °C for 90 min. Final results were
concluded by checking sample absorbance at 725 nm at UV/Vis-DAD
spectrophotometer (UV-2250, Kyoto, Japan) (Velioglu et al., 1998).

Estimation of total flavonoids content (TFC)

For the estimation of TFC, AICIs-NaNO2-NaOH reaction complex was used
according to the protocol given by Lopez-Contreras et al. (2015). 0.2 ml of extract
was added to 3.5 ml of distilled water. Furthermore, (0.15 ml) 5% NaNO>, (0.15 ml)
10% AICIz and (1 ml) 1 M NaOH were added to mixture by equal 5 min time intervals
each and placed it at room temperature for 15 mins. Reaction absorbance was
measured at 510 nm by using UV/Vis-DAD spectrophotometer (UV-2250, Kyoto,
Japan).

Statistical analysis

All the data were analysed by using Statistical software (version 7.0; StatSoft).
Significance was determined via one-way analysis of variance. Values are presented
as mean + standard error (SD) from three independent biological replicates. A
comparison of the means (control + treatments) was confirmed by Duncan’s multiple
range test at p < 0.05.
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Results
Silver nanoparticles and germination percentage

In the recent study we have explored the in vitro phytotoxic and beneficial aspects of
synthesized metallic silver nanoparticles (AgNPs) in Pennisetum glaucum (L.), AgNPs
were purchased from China which possessed the size of 100 nm (Fig. 1A). AgNPs did
not show any adverse effect on seed living mechanism. Interestingly, AgNPs have
boosted the seed germination in P. glaucum (L.) as compared to non-treated. The
enhancement in seed germination has been assessed as dispersed AgNPs could create
‘nanoholes’ in the seed coats and make their entry easier to seeds via seed coat,
resulting in enhanced germination conditions, slow and slight release of silver ion (Ag™)
could be a second primary reason for Ag-nanoparticles to have no deleterious effects on
germination of P. glaucum (L.) seeds at optimal concentrations.

Moreover, the maximum seeds germination percentage (99%) was recorded in T3 of
AgNPs (Fig. 1B). This was observed as the appropriately applied ratio of AgNPs, which
resulted in enhanced germination of seeds in vitro and possible to utilize in the
agricultural system for better crop production. This may elucidate, at the optimal range
of applied AgNPs, seeds germination was not altered harmfully so AgNPs could be
used as conventional fungicides to protect the seeds against fungi and reduce
environmental sways of fungicides as well as lower the cost of agricultural production.

(B)

Figure 1. (A) Transmission electron microscopy (TEM) images of metallic silver nanoparticles
having size of 100 nm. (B) Effect of different treatments (T1 =0 ppm, T2 = 20 ppm, T3 =40
ppm, T4 = 60 ppm and T5 = 80 ppm) of metallic silver nanoparticles (AgNPs) on growth of

Pennisetum galucum (L.) seedlings. Each seedling represented an experimental unit

The Figure 2A and B indicate that seed germination percentage and seed vigour
index affected by various treatments of AgNPs. Germination percentage at control (T1)
and T3 was 92% and 99% respectively while in comparison with T5, it was strongly
reduced to 66%. These results revealed that AgNPs application at T3 sharply boosted
the germination potential by increasing emergence speed of radical and plumule in P.
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glaucum (L.) seeds on MS solid media. Though the emergence response of seeds was
dependent on applied concentration in T5, a noticeable reduction in germination was
observed.
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Figure 2. The response of seed germination and seedling growth treated with AgNPs (A) Seed
germination potential, (B) Seed vigour index, (C) Shoot length (D) Root length (E) Fresh
biomass (F) Dry biomass. Values are the average of three repetitions. Means (n = 3) and

standard errors (+) were calculated by analysis of variance (one-way). A comparison of the
means (control + treatments) was confirmed by Duncan’s multiple range test at p < 0.05

Morphological parameters and total biomass

Under T5, root length, shoot length and seedling vigour index (SVI) were
significantly reduced, as shown in Figure 2. In case of seedlings growth, the length was
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enhanced up to 76.5% and 38.8% in root and shoot respectively in T3 which showed
best results as compared to control while rapidly reduced as concentrations of
nanoparticles increased or decreased. It was noticed that higher concentrations of
AgNPs had a deleterious effect on plantlets, resulting in a significant reduction in root
and shoot length and SVI. Consequently, the fresh and dry biomass were dependent on
better seedling growth. In comparison with control, fresh and dry biomass were
enhanced (190.1%) and (106.2%) respectively in T3 and readily decreased to 163.2%
and 52.38% at high doses (T5) (Fig. 2E, F). The highest reduction in biomass could be
due to more accumulation of ions released from nanoparticles, which reduced the
availability of nutrients to seedlings for growth at higher doses (Hussain et al., 2017).

Antioxidant activity
DPPH radical scavenging assay

DPPH (2, 2-diphenyl-1-picrylhydrazyl) free radical scavenging activity of plantlets
treated with AgNPs is presented in Figure 3. AgNPs suspension significantly influenced
the DPPH activity in P. glaucum (L.). The highest DPPH activity (26%) was recorded
in the plantlets which were exposed to T5 while others showed less. In contrast with
others, T3 had reduced the antioxidant activity (9%) even then control (13%), revealed
less production of ROS at this concentration which was advantageous for plant
metabolisms and successful growth (Zhou et al., 2019a) as found in Figure 3.

DPPH activity (%)

% DPPH radical scavenging activity

TO T2 T3 T4 T5
AgNPs Treatments

Figure 3. Percentage DPPH radical scavenging activity of P glaucum L. against different
treatments of metallic silver nanoparticles (AgNPs)

Proline and superoxide dismutase (SOD) activity

Proline contents and SOD activity also have been evaluated in the present
investigation, as shown in Figure 4A, B. Proline contents were relatively less
(1.12 + 0.0152 pg/mg) in the seedlings treated with T3 as compared all other treatments,
including control  (1.17 £0.0264 pg/mg). However, the highest value
(2.15 + 0.435 png/mg) was found at TS5, which reflected the stressed conditions faced by
plantlets. By increasing the AgNPs doses, SOD activity tends to become more and
highest at T5 (0.048 + 0.0043 pumol/mg) and lower at T3 (0.031 +0.0020 pmol/mg).
Stress could be a critical factor which enhanced the Proline and SOD activity
(Mohamed et al., 2017).
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Figure 4. Antioxidant enzyme activity in P glaucum L. seedlings treated with AgNPs. (A)
Proline content. (B) Superoxide dismutase (SOD) activity. Values are the average of three
repetitions. Means (n = 3), and standard errors (+) were calculated by analysis of variance
(one-way). A comparison of the means (control + treatments) was confirmed by Duncan’s
multiple range test at p < 0.05

Catalases (CAT) and peroxidases (POD) activity

Our results showed a negative relationship between CAT and POD activity as seen in
Figure 5A, B, at higher dose (T5) more POD activity (1.03 = 0.723 ng/g) was recorded,
however POD activity was significantly decreased to 101.9% and 68.8% in T3 and T1
respectively, which strongly reflected the consistent and sustainable living mechanism
of plantlets whereas, more POD activity resulted in more stress on plantlets. The CAT
activity was seemed to be higher (141 +2.081 mg/g) in T3 and lower as the dosage
increased from T3. However, lowest CAT activity (100 + 3.833 mg/g) was recorded in
the plantlets treated with T5, at this concentration plantlets were observed in stress
condition which could be due to more production of ROS. Furthermore, CAT is found
in peroxisome (Alberts et al., 2002) so, AgNPs at the suitable ratio may cause more
production of catalases that provide longevity to plantlets under different environmental
settings.

Total phenolic contents (TPC) and total flavonoids contents (TFC)

Total phenolic contents in the seedlings which treated in T3 were comparatively
more (0.56 + 0.0152 nug/mg) than control and T2, as shown in Figure 5D. On the
contradictory, there were significant effects (p <0.01) in the phenolic compound’s
accumulation since the rise in doses from T3 to T5, declined in the accumulation of
total phenolic contents (12.1%) and (35.2%) under T4 and T5 respectively when
compared with T1. These results indicated that seedlings exposed to higher doses of
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AgNPs faced more stress by which they accumulated less phenolic compounds because
a high dosage of AgNPs acted as a stressor and inhibited the accrual of TPC.

Unlike phenolic compounds, the flavonoid contents were higher as the
concentrations of AgNPs increased from T2 to T5 as in Figure 5C. Total flavonoid
contents were significantly enhanced to 0.58 +0.0233 pg/mg under T3 than TI,
resulting from the proper entry of nanoparticles into seeds at the time of germination
which provided signals to emerging seedlings by which these could cope with different
environmental settings. Therefore, significant differences have been recorded at high
doses of AgNPs when compared with T3. A higher concentration of nanoparticles
produced more TFC (0.76 £ 0.055 ug/mg), but a significant reduction in seedling
growth was observed.
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Figure 5. Antioxidant enzyme activity and phenolic content in Pennisetum galucum L. seedlings
treated with AgNPs. (A) Catalase (CAT) activity, (B) Peroxidase (POD) activity, (C) Total
flavonoid content (TFC) (D) Total phenolic content (TPC). Values are the average of three
repetitions. Means (n = 3) and standard errors (+) were calculated by analysis of variance
(one-way). A comparison of the means (control + treatments) was confirmed by Duncan’s

multiple range test at p < 0.05

Discussion

Results of recent research work disclosed that suitable concentrations of AgNPs
significantly enhanced the seed germination, growth attributes and improved the
biochemical profile of P. glaucum (L.) while high dosage acted as a stressor or toxic to
plants at germination stage and reduced the total biomass. Study of the toxicity of
nanomaterial is the nanotoxicology, which is dependent on their sizes, shapes and
effects because nanoparticles have distinctive properties. Although toxicity mechanism
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of nanoparticles is still unknown nonetheless, it would depend upon the nanomaterials
chemical composition, chemical structure, sizes and surface area. Two major key
factors can be the cause of toxicity (1) release of more toxic ions and (2) stress due to
size, shape or surface of nanomaterial. NPs bearing small sizes have more surface area,
so these are more toxic (Parveen and Rao, 2015). In case of metallic nanoparticles
(MNP), small-sized CuNPs have been observed more toxic on two plant species wheat
(Triticum aestivum) and mung bean (Phaseolus radiatus) by reducing seedling growth
than other MNPs (Lee et al., 2008). However, High emergence percentage of root and
shoot from seeds is triggered by the positive role of plant hormones. Nanoparticles were
entered to seeds successfully and filled the space between permeable membrane which
enhanced the biosynthesis of hormones especially auxins and gibberellins to degrade
seed reserves resulted from increased seed germination and seedling growth (El-Kereti
et al., 2013; van Dongen et al., 2003).

It was observed in our findings that maximum germination percentage and seedling
growth were attained at T3, this range could be a suitable for rapid entry of AgNPs and
positive acceleration of seed metabolism for the enhancement of seedling growth as
shown in Figure 1B. Kumari et al. (2011) reported that AgNPs influenced the cell
division process of plant and caused cell enlargement, where they interfered with plant
components in plant systems and translocated from stem to leaves. Interestingly, lower
concentrations of AgNPs were seemed to be useful to increase the seed vigour and
seedlings growth and had no deleterious effects to cell division process and seedlings
growth in kinnow (Hussain et al., 2018). High dosage of AgNPs inhibited or reduced
the seed germination, decreased seedlings growth, chlorophyll contents, and plant
biomass in Hordeum vulgare and Spirodela polyrhiza which strongly affirm our recent
findings in case of P. glaucum (L.). Besides, AgNPs possess antiviral, antifungal,
antibacterial properties and can be utilized as potent fungicides due to their
strengthening shielding role against fungi and enhanced germination frequency as
described by Karimi et al. (2012), who reported the better germination potential and
seedling growth from the seeds, coated with a suitable concentration of AgNPs solution
compared with fungicides coated seeds. Same results for growth parameters were
investigated by Hussain et al. (2017), who achieved 98.6% germination vigour which
was about 7% better than control and 22% more seedling growth compared with control
in Artemisia under suitable concentrations (30 mg/L) of AgNPs. Study of AgNPs on
rice (Oryza sativa) seedlings also have been examined, and results revealed, as a dosage
of NPs increased from 60 mg/L all the growth attributes including seed germination,
root length, shoot length, leaf length, leaf area and biomass readily decreased (Mirzajani
et al., 2013). Total biomass reduction in wheat (Triticum aestivum) and (Pennisetum
glaucum) under high concentrations of AgNPs was also reported by Mohamed et al.
(2017) and Khan et al. (2019). Reduction in total biomass (fresh and dry) accumulation
due to the high amount of AgNPs has been shown in Figure 2. We have applied AgNPs
to P. glaucum on MS basal medium while most of the above described findings were
achieved in soil experiments in which other plant species have been experienced, but all
these strongly affirm our best germination results under suitable concentrations and
poor results under the high ratio of NPs as in Figure 1B.

In the present study, ranges of AgNPs above T3 negatively affected the root and
shoot growth, alternatively increased the antioxidant activity, total flavonoids and
proline contents. Likewise, under stressed conditions, Triticum aestivum increased
MDA contents and H2O: level resulting in increased antioxidant activity to cope with
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the stress for better survival of plant (Mohamed et al., 2017). A higher concentration of
AgNPs led to more production of ROS and such behaviour caused the blockage of
electron transfer that induced the oxidative stress (Zou et al., 2016). It was in support of
our findings, as shown in Figure 3 that more the DPPH activity at the maximum NPs
concentration. A similar report was described by Garcia-Lopez et al. (2018), in the case
of ZnNPs, increased DPPH activity was recorded at high concentrations in Capsicum
annuuam. Proline, as a multifunctional amino acid triggered the plant growth through
signalling mechanism, upregulated and accumulated in a large amount under stressed
conditions and optimal under normal growth settings (Yang et al., 2009). Our results
demonstrated that a high level of proline was observed in T5 while lower at T3 than T1
that is associated with the above findings and presented in Figure 4. Our results
indicated healthy and progressive plants growth under an ideal range of NPs (T3) by
minimizing proline contents less than control because plants enhance the endogenous
proline level when suffered from more stress (Szabados and Savoure, 2010).

Furthermore, we have observed that changes in morphology and accumulation of
secondary metabolites with greater efficacy under high ranges of AgNPs resulted in
oxidative stress in P. glaucum (L.). More ROS lead to more antioxidant production,
which was previously reported by Sewelam et al. (2016) as ZnNPs applied to plants in
higher concentrations. Our results exhibited increased SOD and POD activities at higher
AgNPs ranges than T1. This reflects the development of a well-defined antioxidant
defensive mechanism to cope with stress (Gill and Tuteja, 2010). However, the
optimum range of NPs (T3) showed less SOD and POD activity and in plantlets instead
of control which indicated a small amount of ROS production by decreasing cell
damage risk due to NPs and enhanced the plant growth. According to present research
work, this optimal concentration of NPs could be used under stress condition for the
inhibition of ROS production. Our findings are associated with Parry et al. (1994), who
reported more production of antioxidants under stress condition which mitigated the
biosynthesis of the enzymes that produce ROS, and provides tolerance to plants for their
better survival. AgNPs at 75 mg/L, have increased the SOD and POD activities in
tomato plants (Parry et al., 1994) and this has reaffirmed our present findings.

In another investigation, AgNPs at higher ratio decreased the CAT activity than
control in mustard seedlings, but comparatively less reduction was observed
(Vishwakarma et al., 2017). However, in the present study higher CAT activity was
observed at T3 while significant reduction recorded at T5 as presented in Figure 5
which might be due to interactions of silver nanoparticles with proteins found in lipid
bilayer and cytosol; thereby changing the proteins configuration resulting destruction of
antioxidant defensive systems (McShan et al., 2014). Our findings are not in line with
Krishnaraj et al. (2012) who have described less CAT activity in Bacopa monnieri
under suitable concentrations of AgNPs. Variations in responses by different plant
species have been reported by researchers whereas, the enhanced activity of CAT
indicating that it plays important role to scavenge the ROS and decreases the ROS
production with greater efficacy (Hayashi et al., 2013; Sneha et al., 2014).

Our findings revealed that seedlings under T3 exhibited higher TPC while lower in
T5 as compared with T1 however these results are different from the previous
researchers (Zaka et al., 2016) who have described increased TPC in Eruca sativa under
stressed conditions along with AgNPs application. The main reason could be that high
NPs ratio causes discrete changes in the proteome and interfere with cell signalling
(Saptarshi et al., 2013) while on the other hand, a linear expression was observed in
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TFC. TFC were showing a significant progressive response in all treatments of AgNPs
than control, reflecting improved plant growth with reduced toxic effects. In order to
assess the TFC, (Garcia-Lopez et al., 2018) examined high TFC contents under high
ZnNPs concentrations. Overall, our results are the pioneer for the evaluation of
advantageous and phytotoxic effects of AgNPs in Pennisetum glaucum by stabilizing
the biochemical profile and serve as guidelines for crop producer to use AgNPs instead
of fungicides to get high production at low cost. Previously, the antioxidant mechanism
of P. glaucum under AgNPs application was unknown, but recent findings will provide
a particular direction to other researchers to explore genetic and molecular mechanisms
for the action of AgNPs in plants.

Conclusions

This study concluded that AgNPs showed different responses to germination,
seedlings growth and antioxidant activity under variable concentrations in pearl millet
(P. glaucum L.). The optimum concentration of AgNPs (T3) significantly increased all
the growth parameters and improved the biochemical profile as compared to other
treatments. Seedlings exposed to higher doses of AgNPs showed a reduction in growth
and more toxicity. Desirable secondary metabolites may be produced in plants by
inducing the changes in physiological and biochemical processes with the help of
nanoparticles. High doses of AgNPs seemed like a stressor and caused significant
reduction in biomass. It is confirmed that higher doses of NPs are toxic to plants, even
in stressed conditions (salt, drought, heat, etc.). Moreover, AgNPs at suitable
concentrations can be used as a fertilizer for better crop production and fungicides to
produce safe food. Shortly, this preliminary study warrants a comprehensive work to
understand the toxicity of NPs at a genetic level and molecular mechanisms against
undesirable molecules (free radicals) for better crop production under different
environmental conditions.
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