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ABSTRACT

The present study investigated the effects of seed nano-priming with bio-synthesised silver nanoparticles-
SNP on germination, seedling establishment, and fruit yield in capsicum (Capsicum annum L.) cv. HC-201.
Though nanoparticles are being developed for various potential applications, several concerns are related to
their agricultural use. In the present study, seeds were treated by soaking with SNP solutions (25-1000 mg L)
for 16 h before placing for germination. Seed pre-treatment with 200 mg L' SNP improved seed germination
to 86.0+3.2 % over the control (66.7+3.2 %) and the other nano-priming treatments. The rate of germination
was significantly (P < 0.05) higher in the treated (Timson’s Index: 43.7+2.4) than in the control (Timson’s
Index: 35.1+2.4) seeds. The pre-germination treatment also enhanced germination potential and emergence
index. Seedling development was better in seeds treated with 200 mg L' SNP (53.343.2 %) than in the control
(42.043.2 %). However, the higher concentrations of SNPs inhibited seed germination parameters. Pre-treatment
with 75 mg L' SNP for 16 h resulted in higher fruit yield (170.9+16.5 g) over the control (141.4+16.5 g) and
other treatments. Thus, the results revealed improved seed germination, seedling growth, and fruit yield in

response to pre-treatment with 75-200 mg L' SNP in capsicum.
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1. INTRODUCTION

Capsicum (Capsicum annum L.) is an important
vegetable crop cultivated around the year under frost-free
conditions in different parts of the world. Under low-
temperature conditions, the fruit set is affected due to
poor pollination. Earlier studies have revealed slow seed
germination in response to optimal as well as stressful
conditions in capsicum!'?3. Pre-germination treatments
have been used to improve seed performance, growth,
and yield in capsicum and other plants*3. The pre-treated
capsicum seeds are reported to show faster and more
vigorous germination and superior performance even in
response to sub-optimal conditions of cold or salt stress®.

With continuous research in the field of nanotechnology,
nanoparticles, and nanomaterials are being utilised in diverse
fields such as medicine, pharmaceuticals, electronics, sensors,
and agriculture’™. Several chemical, physical, irradiation, and
biological approaches are available for the synthesis of silver
nanoparticles. The chemical synthesis of nanomaterials generates
different hazardous by-products resulting in environmental
contamination'®. The physical methods have constraints
due to the requirement of high temperature or pressure,
types of equipment, and consumption of high energy. The
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biosynthetic methods are eco-friendly as the nanomaterials
are synthesised using plant, bacteria, or fungal extracts'’.
The biosynthesis of silver nanoparticles using plants is a
clean and environmentally safe method with the advantages
of low-cost large-scale production capability'?.

Recent studies have revealed the potential of
nanomaterials as bio stimulators in improving plant
propagation and growth'*'* and plant resistance to
stress'®. Silver nanoparticles are the most interesting
metal nanoparticles, which exhibit strong biological
activity's. The nanoparticles are reported to improve seed
germination, vigour, and shoot proliferation .

Advances in the field of seed priming have resulted
in the identification and utilisation of nano-materials for
pre-germination treatments's. The seed-nano priming is
being explored as one of the important tools to promote
sustainability in agriculture. Recent studies have reported
potential of seed nano-priming on improvement in germination,
seedling growth, plant productivity, and produce quality'*-.
The potential of different types of nanomaterials viz. metallic
and/or oxide (iron, zinc, silicon, cobalt, calcium, manganese,
titanium, silver, gold, copper, platinum, molybdenum) and
polymeric (chitosan, lignin) have been assessed for seed
nano-priming'®. Further, metallic bio-genic nanoparticles
synthesised using plant extracts as a reducing and stabilising
agent are being employed in agriculture **%.
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Though the effects of the various seed priming
treatments have been earlier reported in capsicum, such
studies involving pre-treatment with silver nanoparticles
have not yet been reported. Present study, was, hence
designed to investigate the effect of seed pre-treatment
with silver nanoparticles on germination, growth, and
yield in capsicum.

2. MATERIALS AND METHODS
2.1 Synthesis of Silver Nanoparticles

Silver nanoparticles were bio-synthesised using
leaves of Thymus serphyllum. The plants used in the
experiment were grown in the Institute’s field. Aqueous
extract of leaves was prepared and treated with 1.0 mM
silver nitrate (AgNO,) as described in the earlier study®.
The effect of various concentrations of plant extract and
temperature was evaluated with UV-visible spectroscopic
analysis. The silver nanoparticles synthesised from 20 %
leaf extract with heating at 60 °C for 20 minutes were
used in the study.

2.2 Seed Pre-Treatment

Capsicum (Capsicum annum L.) cv. HC-201 was used
in the present study conducted at DIBER Field Station
Pithoragarh, Uttarakhand, India. Seeds were pre-treated
with 0-200 mg L' silver nanoparticle for 16 h with
agitation at 100 rpm at 25 °C. Subsequently, solutions
were discarded and the seeds were placed on tissue paper
for drying under shade. The shade-dried seeds were
placed on moistened tissue paper inside Petri dishes for
germination. The un-soaked control seeds did not receive
any soaking treatment. Data on seed germination were
recorded every day for 13 days from the date of placing
the seeds for germination. Similarly, data on vegetative
growth parameters such as the number of branches and
plant height were recorded 77 days after the date of
transplanting. The data on yield attributing traits viz.
number of set fruits and fruit weight were recorded 170
days after the date of transplanting the seedling.

The seed germination percentage was computed using
the formula,. The speed of germination (Timson’s Index)
was calculated as reported earlier* using the formula:
Timson Index = < where, G is the percentage of daily
seed germination and t is the total germination period in
days. A higher Timson’s Index indicates a rapid germination
process. Mean Emergence Time (MET) was computed as
reported earlier*> using the formula: ¥t =) o xm/zn where n
is the number of seeds that emerged on day D, and D is
the number of days from the onset of seed germination.
MET is the indicator of the emergence performance of a
seed lot. The lesser the MET, the better is the emergence
performance. Emergence Index (EI) was computed as
per the method described by the Association of Official
Seed Analysis using the formula:

EI =(number of seeds germinated/days of first count)
+ ...+ (number of seeds germinated/days of final count).

El indicates the time taken to achieve a certain
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germination percentage. Thus, the higher the EI, the better
the seed performance. A germination test was used to
determine the germination potential or seed viability. The
germination potential was computed using the formula
(Gt/Tt) where Gt = number of germinated seeds on day
t, Tt = number of days from the start of the germination.
Subsequently, data on seedling development (opening
of the cotyledonary leaves) were recorded for up to 20
days from the date of placing the seeds for germination.

2.3 Effect of Pre-Treatment on Plant Growth and
Fruit Yield

Seedlings obtained from the pre-treated seeds were
transplanted in plastic pots of 10-inch diameter filled
with potting mixture for further growth. The pots were
kept inside a glass house. Watering was carried out as
per requirement. Observations on vegetative growth such
as plant height (cm), number of branches, and fruit set
were recorded 77 days from the date of transplanting.
Data on fruit yield (g) were recorded 170 days after the
date of transplanting.

2.4 Effect of Pre-Treatment with Higher Silver
Nanoparticle Concentrations

Another seed pre-treatment experiment was performed
with higher concentrations of silver nanoparticles (0-1000
mg L) for 16 h with agitation at 100 rpm at 25 °C. At
the end of the treatment, solutions were decanted and
the seeds were placed on tissue paper for drying under
shade. The shade-dried seeds were placed on moistened
tissue paper inside Petri dishes for germination. Data
on seed germination were recorded every day for 11
days from the date of placing the seeds for germination.
Germination percentage, rate of seed germination, mean
emergence time, emergence index, and germination potential
were calculated as described in the first experiment.
Subsequently, data on seedling development were recorded
for up to 20 days from the date of placing the seeds
for germination. Data were recorded on plant growth
parameters viz. no. of branches and plant height after
50 days of transplanting. The data on yield attributing
traits viz. numbers of fruits and fruit yield were recorded
143 days after transplanting of the seedlings.

2.5 Statistical Analysis

CropStat tool developed at IRRI, Philippines was
used for Analysis of Variance-ANOVA for the experiment
laid out in a completely randomised design. The seed
pre-treatment experiments were performed with three
replicates comprising 50 seeds each. The mean values
were analysed for statistical significance using Duncan’s
New Multiple Range Test (DNMRT) at P < 0.05.

3. RESULTS AND DISCUSSION

The seed pre-treatment with 200 mg L' silver
nanoparticles significantly (P < 0.05) improved the seed
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germination (86.0 %) as compared to the other treatments
and the un-soaked (56.0 %) and soaked (66.7 %) controls
(Fig. 1; Table 1).

Control

Figure 1. Improvement in germination through seed nano
priming with silver nanoparticles in capsicum cv.
HC-201. Images were taken 14 days after placing
the seeds for germination.

The speed of seed germination was significantly
higher in the seeds treated with 150 or 200 mg L-!
(Timson’s Index: 43.7) than in the other treatments
and the un-soaked (Timson’s Index: 20.1) and soaked
(Timson’s Index: 35.1) controls. The higher the Timson’s
index, rapid the germination process. The treatment
with the 150 mg L' silver nanoparticles significantly
reduced the mean germination time (6.72 days) than the
un-soaked (7.55 days) or soaked (7.48 days) controls.
Similarly, the germination potential was higher in 200
mg L' silver nanoparticle-treated seeds (3.31) than in
both the controls (2.15 and 2.56 respectively) and other
treatments. In seeds treated with 150 or 200 mg L' silver
nanoparticles, the emergence index was significantly
higher (28.6 and 25.9 respectively) than the controls
(14.5 and 19.8 respectively) and the other treatments
with 25 to 125 mg L-'silver nanoparticles.

Further, the effect of seed pre-treatment with silver
nanoparticles was studied on seedling development. The
percent opening of cotyledonary leaves was higher in
200 mg L'seed treatment (53.3 %) over the un-soaked
(32.0 %) and soaked (42.0 %) controls (Fig. 1; Table 2).
The speed of opening of cotyledonary leaves computed in
terms of modified Timson’s Index was also significantly
higher in 150 mg L-'seed treatment (31.6) than in the un-
soaked (14.1) and soaked (23.1) controls. The treatment with
150 mg L-'silver nanoparticles also significantly reduced
the mean emergence time (8.1 days) than the un-soaked
or soaked (8.8 days) controls. The results thus suggest
enhanced seed performance in terms of better germination
and seedling development through pre-treatment with the
silver nanoparticles in capsicum. Seed pre-treatment with
75 mg L'or lower SNPs resulted in higher plant height
and number of branches than that of pre-treated with the
higher concentrations. In the context of yield attributing
parameters, pre-treatment with 75 mg L-'SNP resulted in
higher fruit number (7.4 nos.) and fruit yield (170.9 g)
than the control (6.9 nos; 141.4 g respectively) and other
treatments (Table 3). The pre-treatment with the higher
concentration (200 mg L") of SNP resulted in reduced fruit
yield (126.5 g) than that of pre-treated with 75 mg L.

Further, an experiment was performed to investigate
the effect of treatment with higher concentrations of silver
nanoparticles on seed performance. Seed pre-treatment
with 100 mg L-' SNP improved the seed germination
(90.0 %) than in the control (78.33 %) and the other
treatments (Table 4). The speed of germination computed
in terms of Timson’s Index was higher in the seeds treated
with 100 or 200 mg L-! silver nanoparticles (56.42 and
53.00 respectively) than in the control (48.00) and other
treatments. Mean emergence time was lower in seeds
treated with 100 mg L' (7.00 days) or 200 mg L (6.96
days) silver nanoparticles than the un-soaked or control
treatment. Germination potential was higher in seeds
treated with 100 mg L' silver nanoparticles (3.27) than
the control (2.85) and other treatments. In seeds treated
with 100 or 200 mg L-'silver nanoparticles, the emergence
index was higher (37.21 and 34.53 respectively) than the
controls (29.76) and the other treatments. Further, the
effect of seed pre-treatment with silver nanoparticles was
studied on seedling development. The percent opening of
cotyledonary leaves was higher in the 200 mg L' seed
treatment (63.33 %) than in the control (57.50 %) and other
treatment (Table 4). The rate of opening of cotyledonary
leaves computed in terms of modified Timson’s Index was
also higher in 200 mg L' seed treatment (34.64) than
the control (31.07). The results thus suggest enhanced
seed performance in terms of germination and seedling
development through pre-treatment with 100 or 200 mg
L-'SNP in capsicum. Higher concentrations however
inhibited the seed performance in terms of the different
germination parameters. The pre-treatment with higher
concentrations also resulted in reduced plant growth and
fruit yield (Table 5). Higher numbers of branches (7.9)
were recorded in plants obtained from pre-treatment with
100 mg L-'SNP than in the control and other treatments.
Among the treatments, pre-treatment with 100 mg L-'silver
nanoparticles resulted in a higher number of fruits (5.1)
and fruit yield (69.7 g) than that of control and other
treatments (Table 5).

Chemical seed pre-treatments have been used to
accelerate uniform seed germination, seedling vigor, and
yield in many of crop plants including capsicum. Earlier,
Patade’, et al. reported the effect of chemical pre-treatments
on seed germination in capsicum. The seeds pre-treated
with polyethylene glycol, PEG-6000 (16.7 mM) showed a
significant increase in speed as well as total germination.
Further, the seedlings produced from the pre-treated seed
showed improved tolerance to salt or cold stress exposure
whereas the seedlings raised from the control seeds failed
to survive the exposure to the stresses. Besides, the
vegetative growth of the seedlings generated from the
pre-treated seeds was superior to those obtained from the
control. Recently, Vijai®!, et al. reported the stimulatory
effect of calcium nanoparticles synthesised from marine
molluscan shells of Lima lima. The pre-treatment with
calcium nanoparticles at a concentration of 250 mg L
produced higher radicle growth, seed germination, vigor
index, and vegetative growth than the control in green gram.
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Table 1. Effect of pre-treatment with silver nanoparticles (SNP) on seed germination in capsicum cv. HC-201

Radicle protrusion

SNP concentration (mg L") Germination (%)  Timson’s index Mean germination Germination Emergence index
time (Days) potential
Un Soaked 56.0 d,e 20.1d 7.55d,e 2.15¢,d 14.5¢
0 66.7 b,c 35.1b,c 7.48 d,e 2.56 b,c 19.8 b,c
25 64.7 b,c,d 31.3 b 7.63 d,e 2.49b,c 17.7 b,c
50 60.7 c,d 353D 7.07 b,c 233¢cd 2140
75 67.3 b,c,d 34.7b,c 723 ¢ 2.59b,c 2040
100 513e 279¢ 6.93 a,b 1.97d 17.1b,c
125 58.7d.e 28.6 b,c 7.70 e 226¢c,d 162 ¢
150 72.0 b 43.7a 6.72 a 2.77b 28.6a
200 86.0a 437 a 7.46 ¢,d 331a 259a
SE (n=3) 32 2.4 0.08 0.13 1.7
5% LSD 9.7 7.2 0.23 0.38 5.1

Observations on seed germination were recorded for 13 days from the date of placing seeds for germination. Mean values (n=3) for a particular

trait marked with different alphabets are significantly different as per the least significant difference test (P < 0.05).

Table 2. Effect of seed pre-treatment with silver nanoparticles (SNP) on seedling development in capsicum cv. HC-201

SNP concentration (mg L")

Opening of cotyledonary leaves

% Rate (modified timson’s index) Mean emergence time (Days)

Un Soaked 32.0cd 14.1¢ 8.8ab
0 42.0 b,c 23.2b,c 8.8ab
25 32.0cd 17.4 d,e 9.1a
50 313 c¢d 19.8 ¢,d 83c¢cd
75 40.7 ¢ 23.6b,c 8.5b,c
100 30.7d 21.5¢cd 83cd
125 313 c¢d 150¢ 9.1a
150 51.3ab 3l.6a 8.1d
200 533a 274 ab 8.7b
SE (n=3) 3.2 1.6 0.1
5% LSD 9.6 4.8 0.3

Mean values (n=3) for a particular trait marked with different alphabets are significantly different as per the least significant difference test (P
< 0.05).

Table 3. Effect of seed pre-treatment with silver nanoparticles (SNP) on plant growth and yield attributing traits in capsicum cv. HC-201

SNP concentration (mg L) Vegetative traits Yield attributing traits

Plant height (cm) Branches (Nos) Fruits (Nos) Fruit Yield (g)

Un Soaked 829 b,c 12.8 b,c 5.3 b,c,d 137.8 a,b
0 933a 13.8 a,b,c 6.9ab 1414 ab
25 88.1a,b 13.0b 6.4 a,b,c 120.0 b
50 88.3 ab 15.1a 54b,cd 1349 a,b
75 85.8 a,b 124 b,c 74 a 1709 a
100 775¢ 9.3d 6.0 a,b,c 1249b
125 759¢ 109¢c,d 5.0c,d 115.0b
150 77.8 ¢ 9.9d 5.5b,cd 150.9 a,b
200 744 c 8.6d 45d 126.5b
SE (n=3) 2.7 0.7 0.5 16.5

5% LSD 7.6 2.0 1.4 46.7

Observations on vegetative growth such as plant height (cm), branch (no), and fruit setting were recorded 77 days after the date of transplanting.
Data on fruit yield (g) were recorded 170 days after the date of transplanting. Mean values (n=8) for a particular trait marked with different
alphabets are significantly different as per the Least Significant Difference test (P < 0.05).
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Table 4. Effect of pre-treatment with higher concentrations of silver nanoparticles (SNP) on seed germination in capsicum cv. HC-201

Radicle protrusion Opening of cotyledonary
leaves
SNP concentration  Germination  Rate Mean Germination Emergence % Rate
(mg L) (%) emergence potential index
time (Days)
0 78.33b 48.00b,c 748 c 2.85b,c 29.76 ¢ 57.50d 31.07 ¢
100 90.00 e 56.42¢ 7.00 a 327fF 37.21e 60.00 d,e 32.86 ¢
200 80.00 b,c 53.00d,e 6.96 a 2790 34.53 d,e 6333 ¢ 34.64 c
300 80.83 b,c 47.00b 717 ab 294 cd 26.44b 45.00b 2345b
400 85.83d 51.17 c,d 7.59c,d 3.12¢ 31.87c,d 50.00 ¢ 21.19b
500 83.33c,d 50.58 b,c 7.36 b,c 3.03de 3197 cd 4583 b 25.00b
1000 69.17 a 2933 a 7.85d 2.52a 16.12a 24.17 a 1333 a
SE (n=3) 1.37 1.22 0.08 0.04 1.01 1.40 1.44
5% LSD 421 3.5 0.26 0.13 3.13 432 443

Observations on radicle protrusion were recorded for 11 days from the date of placing seeds for germination. Mean values (n=3) for a particular
trait marked with different alphabets are significantly different as per the Least Significant Difference test (P < 0.05).

Table 5.
traits in capsicum cv. HC-201

Effect of seed pre-treatment with higher concentrations of silver nanoparticles (SNP) on vegetative and yield attributing

Vegetative traits

Yield attributing traits

SNP concentration

Plant height (cm) Branches (Nos) Fruits (Nos) Fruit yield (g)
(mg L")
0 50.6 a,b 6.7 a,b,c 34b 30.7b
100 52.6ab 79a S51a 69.7 a
200 494 ab 6.3 a,b,c 33Db 32.6b
300 49.1ab 6.4 ab,c 36D 31.8b
400 46.3 b 5.6b,c 410 299b
500 549a S54c¢ 3.7b 299b
1000 529ab S51c 40b 41.8b
SE (n=3) 24 0.6 0.3 5.8
5% LSD 6.8 1.6 0.9 16.6

Observations on vegetative traits were recorded 50 days from the date of transplanting. Observations on yield attributing traits were recorded 143
days after the date of transplanting. Mean values (n=7) for a particular trait marked with different alphabets are significantly different as per the

Least Significant Difference test (P < 0.05).

Almutairi and Alharbi®® reported the effect of treatment
with different concentrations of silver nanoparticles on
germination in corn, watermelon, and zucchini plants. The
study reported different dosage responses on germination
and growth in the plant species. The ideal concentrations to
stimulate the germination and plant growth were different
in the different species. The study reported a negative
effect of the higher concentrations of nanoparticles on
seed germination and growth similar to that observed
in the present study. Earlier, Vishwakarma?’, et al. also
reported concentration-dependent differential phytotoxic
impact of SNP (1 and 3 mM) bio-synthesised using Aloe
vera extract in mustard seedlings. The adverse effects of
the SNP were attributed to the induced oxidative stress
associated with enhanced accumulation of the SNP. Besides,
the accumulation of SNP inside plant cells is reported
to alter the plant hormones?®. The positive or negative
biological responses depend on the physico-chemical
properties of the nanoparticles like size, concentration,

and zeta potential®’. Detailed investigations are further
required to study the interactions of SNP with plants.

4. CONCLUSION

The present study provides new insights on enhanced
germination, seedling development, vegetative growth,
and fruit yield through seed pre-treatment with 75-200
mg L-!'silver nanoparticles in capsicum. The findings also
indicated concentration-dependent positive and negative
effects of the seed nano priming on seed performance,
plant growth as well as fruit yield.

REFERENCES

1. Chartzoulakis K, Klapaki G. Response of two
greenhouse pepper hybrids to NaCl salinity during
different growth stages. Sci. Hortic. 2000;86:247-
260.
doi: 10.1016/S0304-4238(00)00151-5

189



10.

11.

12.

13.

190

DEF. LIFE SCI. J., VOL. 10, NO. 3, JULY 2025

Demir I, Okeu G. Aerated hydration treatment for
improved germination and seedling growth in aubergine
(Solanum melongena) and pepper (Capsicum annum).
Ann. Appl. Biol. 2004;144:121-123.

doi: 10.1111/j.1744.7348.2004.tb00324.x

Khan HA, Ayub CM, Pervez M.A, Bilal RM, Shahid
MA, Ziaf K. Effect of seed priming with NaCl on
salinity tolerance of hot pepper (Capsicum annum
L.) at seedling stage. Soil Environ. 2009;28(1):
81-87.

Casenave EC, Toselli ME Hydropriming as a pre-
treatment for cotton germination under thermal and
water stress conditions. Seed Sci Technol. 2007;35:
88-98.

doi: 10.15258/sst.2007.35.1.08

PatadeVY, Kumari M, Ahmed Z. Seed priming
mediated germination improvement and tolerance
to subsequent exposure to cold and salt stress in
capsicum. Res J Seed Sci. 2011;4:125-136.

doi: 10.3923/rjss.2011.125.136

Patade VY, Kumar K, Gupta AK, Grover A, Negi PS,
Dwivedi SK Improvement in seed germination through
pre-treatments in timur (Zanthoxylum armatum dc.): A
plant with high medicinal, economical and ecological
importance. Natl Acad Sci Lett. 2020; 43:295-297.
doi: 10.1007/5.40009.019.00851.9
Marambio-Jones C, Hoek EMV A review of the
antibacterial effects of silver nanomaterials and potential
implications for human health and environment. J
Nanopart Res. 2010;12:1531-1551.

doi: 10.1007/s.11051.010.9900.y

Tran QH, Nguyen VQ, Le AT. Silver nanoparticles:
Synthesis, properties, toxicology, applications and
perspectives. Adv Nat Sci. Nanosci Nanotechnol.
2018;9:049501.

doi: 10.1088/2043-6254/aad.12b

Vargas Hernandez M, Macias Bobadilla I, Guevara
Gonzalez R G, Rico-Garcia E, Ocampo Velazquez R
V, Avila-Juarez L, Torres Pacheco I. Nanoparticles
as potential antivirals in agriculture. Agriculture.
2020;10:444.

doi: 10.3390/agriculture.10100444

Zhang, M, Liu M, Prest H, Fischer S. Nanoparticles
secreted from ivy rootlets for surface climbing. Nano
Lett. 2008;8:1277-1280.

doi: 10.1021/n1.0725704

Singh R, Patade VY, Sanchita, Singh A. Antimicrobial
potential of silver nanoparticles biosynthesized using
aerial yam bulbils for control of selected phytopathogens.
Arch Phytopathol Plant Prot. 2021;54:2275-2293.
doi: 10.1080/03235408.2021.1929690
Savithramma N, Linga RM, Rukmini K, Suvarnalatha
DP. Antimicrobial activity of silver nanoparticles
synthesised by using medicinal plants. Int ] ChemTech
Res. 2011;3:1394-1402.

Saha N, Gupta SD. Promotion of shoot regeneration of
Swertia chirata by biosynthesized silver nanoparticles
and their involvement in ethylene interceptions and

14.

15.

16.

17.

18

19.

20.

21.

22

23.

activation of antioxidant activity. Plant Cell Tiss
Organ Cult. 2018;134:289-300.

doi: 10.1007/5.11240.018.1423.8

Thangavelu RM, Gunasekaran D, Jesse MI, Mohammed
Riyaz SU, Krishnan DSK. Nanobiotechnology
approach using plant rooting hormone synthesised
silver nanoparticle as “nanobullets” for the dynamic
applications in horticulture-An in vitro and ex vitro
study. Arab J Chem. 2016;11:48-61.

doi: 10.1016/j.arabjc.2016.09.022

Hernandez Hernandez H, Gonzalez Morales S, Benavides
Mendoza A, Ortega Ortiz H, Cadenas Pliego G,
Juarez Maldonado A. Effects of chitosan-PVA and
Cu nanoparticles on the growth and antioxidant
capacity of tomato under saline stress. Molecules.
2018;23:178.

doi: 10.3390/molecules.23010178

Haider A, Kang IK. Preparation of silver nanoparticles
and their industrial and biomedical applications. A
comprehensive review. Adv Mater Sci Eng. 2015;
165257.

doi: 10.1155.2015.165257

Parveen A, Rao S. Effect of nanosilver on seed
germination and seedling growth in Pennisetum
glaucum. J Clust Sci. 2015;26:693-701.

doi: 10.1007/5.10876.014.0728.y

. Do Espirito Santo Pereira A, Caixeta, OH, Fernandes
FL,Santaella C. Nanotechnology potential in seed
priming for sustainble agriculture. Nanomaterials.
2021;11:267.

doi: 10.3390/nano.11020267

Acharya P, Jayaprakasha GK, Crosb KM, Jifon
JL, Patil BS. Nanoparticle-mediated seed priming
improves germination, growth, yield, and quality of
watermelons (Citrullus lanatus) at multi-locations in
Texas. Sci Rep. 2020;10:5037.
doi:10.1038/5.41598.020.61696.7

Mahakham W, Sarmah AK, Maensiri S, Theerakulpisut
P. Nanopriming technology for enhancing germination
and starch metabolism of aged rice seeds using
phytosynthesised silver nanoparticles. Sci Rep.
2017;7:8263.

doi: 10.1038/5.41598.017.08669.5

Vijai AK, Reshma M, Kannan M, Selvan SM,
Chaturvedi S, Shalan AE, Govinaraju K. Preparation
and characterisation of calcium oxidenano particles
from marine molluscan shell waste as nutrient source
for plant growth. J Nanostructure Chem. 2021;
11:409-422.

doi:10.1007/5.40097.020.00376.4

. Rajalakshmi AG, Puviyarasu S. Anti-bacterial effect
of synthesised silver nanoparticles using Capsicum
annuum L. Shanlax. Int J Arts Sci Humanit.
2019; 7:76-80.

doi: 10.34293/ sijash.v.7.i1.507

Singh R, Gupta AK, Patade VY, Balakrishna G,
Pandey HK, Singh A. Synthesis of silver nanoparticles
using extract of Ocimum kilimandscharicum and its



24.

25.

26.

27.

28.

29.

SINGH, et al.: IMPROVEMENT IN SEED PERFORMANCE AND FRUIT YIELD THROUGH NANO PRIMING WITH SILVER

antimicrobial activity against plant pathogens. SN
Appl Sci 2019;1:1652.
doi:10.1007/5.42452.019.1703.x

Patade VY, Bhargava S, Suprasanna P. Halopriming
imparts tolerance to salt and PEG induced drought
stress in sugarcane. Agric Ecosyst Environ.
2009;134:24-28.

doi: 10.1016/j.agee.2009.07.003

Ellis R, Roberts E. The quantification of ageing
and survival in orthodox seeds. Seed Sci Technol.
1981;9:373-409.

Almutairi ZM , Alharbi A. Effect of silver nanoparticles
on seed germination of crop plants. J Adv Agric.
2015;4(1):280-285.

doi: 10.24297/jaa.v.4.i11.4295

Vishwakarma K, Shweta Upadhyay N, Singh J, Liu
S, Singh UP, Prasand SM, Chauhan DK, Tripathi
DK, Sharma S. Differential phytotoxic impact of
plant mediated silver nanoprticles (AgNPs) and
silver nitrate (AgNO3) on Brassica sp. Front Plant
Sci. 2017;8:1501.

doi: 10.3389/fpls.2017.01501

Yan A, Chen Z. Impact of silver nanoparticles on
plants: A focus on the phytotoxicty and underlying
mechanism. Int J Mol Sci. 2019;20:1003.

doi: 10.3390/ijms.20051003

Acharya P, Jayaprakasha GK, Crosby KM, Jifon JL,
Patil BS. Green-synthesised nanoparticles enhanced
seedling growth, yield, and quality of onion (Allium

cepa L.). ACS Sustain. Chem Eng. 2019;7:14580-
14590.
doi: 10.1021/acssuschemeng.9b02180

CONTRIBUTORS

Dr Rita Singh obtained her MSc and PhD (Microbiology) from
Indian Agriculture Research Institute, New Delhi. She has made
contributions in the fields of radiation processing, tissue banking,
bioremediation and nanotechnology. Presently, she is working as
Scientist G at Defence Institute of Bio-Energy Research, Haldwani.
She has contributed to the conception and design of the work,
experimentation and manuscript writing.

Mr Nirbhay Singh obtained his MSc (Ag) in Soil Science and
Agricultural Chemistry from Chandra Shekhar Azad University
of Agriculture and Technology Kanpur. Currently he is working
as Technical Officer B in Precision Agriculture Division at
Defence Institute of Bio-Energy Research (DIBER) Haldwani.
He contributed literature collection, data collection and manuscript
preparation.

Dr Vikas Yadav Patade received his MSc in Agriculture
Biotechnology from Marathwada Agriculture University,
Prabhani and PhD from Pune University, Pune. Presently,
he is working as Scientist E at Defence Institute of Bio-
Energy Research, Field Station Pithoragarh, Uttarakhand.
He has contributed to the design of the work, experimentation,
data analysis, interpretation and manuscript writing.

191



