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Nano Silver Foliar Treatment Substantially Mitigates the Incidence of Thrips
Infestation in Chilli Plants
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Abstract

The prevalence of thrips infestation in chilli (Capsicum annuum L.) is
a significant determinant that greatly hinders the overall quality and yield
of the fruit. In the present study, we aimed an inclusive approach of the
sequential application of synthesised Rhizopus elicitor-mediated silver
(Ag) and silver thiosulfate (Ag.S.0:) nanoparticles (AgNPs, STNPs)
in order to combat thrips infestation in chilli plants. In a controlled
greenhouse environment, a foliar spray treatment was conducted using
different concentrations of bio-nanosilver particles, specifically AgNPs
and STNPs (at concentrations of 20, 40, 60, 80, and 100 mgL™"). The
application of NPs through foliar spray at varying concentrations ranging
from 20 to 100mgL-! exhibited a significant reduction in thrips population,
surpassing the control treatment and also exemplified with no discernible
signs of phytotoxic effects. The findings indicated that the Ag and ST
NPs produced by biological means had a positive impact on the growth of
seedlings and resulted in a considerable increase in crop yield compared
to the control. This effect was attributed to the NPs ability to provide a
protective barrier against thrips. The study indicates that NPs produced
through biological processes are well-suited for commercially significant
chilli plants. Additionally, they provide a new avenue for biopesticides
to prevent thrips infestation, leading to sustainable agricultural practices.
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Introduction

Capsicum annuum L., commonly known as chilli,
exhibits remarkable nutraceutical properties, rendering
it a formidable force in the realm of health promotion and
nutrition [1]. Chilli is an annual herbaceous plant that are
cultivated as a vegetive crops across the globe. It has high
monetary value and adds flavour, aroma, and colour to
cuisine. The chilli pepper plant is native to the Solanaceae
family, which encompasses tropical and subtropical Africa,
Central and Southern Europe, Asia, and North America [2].
Plant diseases and infestation have a considerable impact
on agriculture, causing qualitative as well as quantitative
deficits. Resistance in plant pathogenic microbes is one of
several unintended effects of persistent pesticide usage. The
decline in soil health is another consequence of the extinction
of non-targeted species. Consequently, efforts are underway
to develop biomaterial-based biodegradable agrochemicals
that are both safe and practicable for use on crops. Moreover,
contemporary studies suggest that the prevalence of synthetic
pesticide application is on the rise, a development that carries
significant ramifications for the economy, food safety, and
public health [3]. Agriculturists employ chemical fertilisers
as a means to augment agricultural productivity; however, the
injudicious application of these substances poses a significant
detriment to both the natural ecosystem and the vitality of
cultivated flora. The unbridled and pervasive utilisation of
synthetic agrochemicals in the realm of plant cultivation and
safeguarding contributes significantly to the escalation of
environmental pollution [1].

Thrips are significant crop pests and viral disease vectors
and one of the major biotic constraints for the chilli crop
production across the worldwide. In India, thrips have recently
caused a lot of damage to agricultural and horticultural
environments. Small size and slight physical changes make
species identification difficult. Morphological and genetic
investigations showed that thrips parvispinus, an invasive
thrips, destroyed chilli in Telangana and Andhra Pradesh in
2021-22. Across chilli crops, thrips populations averaged
18.46 to 37.16 per five terminal leaves [4]. Chilli insect pests
can be controlled eco-friendly, efficiently, and affordably
with the Integrated Pest Management (IPM) components. Our
farmers lack adequate IPM management of pests like, thrips,
borer and mites [5]. Nanomaterials, including frankincense
nanoparticles (FNPs) and carbon nanotubes (CNTs), has a
major effect on the quantity of onion thrips. Additionally, it
might lessen the likelihood of pesticide resistance [6].

The utilisation of nanoparticles (NPs) as biopesticides for
the purpose of pest control has garnered significant interest in
recent times [7]. Nano-fertilizers containing Titanium dioxide
(TiO,) NPs increase crop yield by promoting plant growth
[8, 9]. Zinc oxide (ZnO) NPs have the potential to enhance
the rate of seed germination, hence enhancing plant growth
and increasing crop yield [10, 11, 12, 13]. Furthermore,
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NPs possess antifungal and antibacterial qualities [14,
15]. Additionally, they can improve crop performance
by stimulating the function of antioxidant enzymes, the
production of chlorophyll, and the growth of efficient
photosynthetic systems in plants [16, 17]. NPs of TiO,
and ZnO study showed significant control of Tetranychus
urticae, mites infesting cucumber plants in Egypt without
causing any phytotoxic effect on foliage [18]. Allam et al.
[19] stated that effective managing thrips, detrimental pest is
the first step to establishing control techniques to monitor and
reduce its inhabitants.

The improved surface-to-volume ratio of NPs results in
higher efficiency compared to their bulk counterparts [20].
Consequently, their level of activity is exceedingly elevated.
The utilisation of diverse NPs, including silver (Ag), gold
(Au), zinc (Zn), iron (Fe), and cadmium (Cd), has proven
to be highly effective in the management of pests [21, 22].
According to Zhang et al. (2021), biologically produced
nanoparticles outperform chemically produced ones in
terms of efficiency. Sharma et al. [23] have produced an Ag-
nano composite mediated by stem extract of Achyranthes
aspera for the purpose of suppressing the dengue vectors,
Aedes aegypti. The objective of this study is to identify an
IPM approach using silver (AgNPs) and silver thiosulfate
(Ag2S205) nanoparticles (STNPs) mediated by the Rhizopus
elicitor, and to evaluate their potential as bio-shields against
thrips infestation prevention without causing phytotoxicity to
chilli plants.

Experimental Methods
Host plant and thrips

The ICAR-Indian Institute of Horticultural Research
(ITHR), located in Bengaluru, provided three different
varieties of pungent chilli (Capsicum annuum L.) seeds: Arka
Sweta, Arka Meghana, and Arka Haritha. The collected seeds
were washed thorough rinsing in flowing tap water, followed
by a 3-minute surface sterilization with sodium hypochlorite
(NaOCl). Subsequently, they were thoroughly rinsed with
sterile distilled water and used further. Chilli plants with severe
thrips infestations were kept in greenhouses throughout this
study. We collected infected leaves for treatment. Greenhouse
thrips control was evaluated with several NP treatments.
In thrips-free sterile zones, perforated polythene bags kept
chilli seedlings healthy for 30 days. A soft-bristled brush was
used to gently infest plants with 25-30 thrips per plant after
15 days. All growth, thrips, and infestation indicators were
monitored.

Nanoparticles and storage stability

Silver nitrate (1 mM AgNO,) (AgNPs) and silver
thiosulfate (0.1mM, Ag.S-03) (STNPs) were synthesized and
characterized for all the basic physicochemical properties
(unpublished data) (Available at SSRN 4578634 [24]).
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The NPs were stored at ambient temperature (26+2°C) and in
the refrigerator at 4°C. The stored samples were assessed for
a period of 60 days to determine their active thermodynamic
stability and to notice any aggregation of the nanoparticle’s
solution. To assess the processing stability, NPs they were
autoclaved (121 °C for 20 min) and heated in a water bath at
100 °C for 20 min. After treatment, the tubes were chilled in
ice and spectrum characteristics were recorded

Assessment of thrips infestation in chilli plants after
foliar nanoparticle treatment

Chilli seedlings are transferred to pots after 30 days,
in a greenhouse at 12 h photoperiod, 29 +2°C, 75+5%
relative humidity during light cycle, and 85+5% during
darkness. During 45 days post-transplantation (anthesis
time), biological NPs (20, 40, 60, 80 and 100 mgL™') were
applied as a thin foliar spray. The positive control consisted
of seeds treated with sterile distilled water. Further, the chilli
plants were regularly examined for growth characteristics,
including leaf colour, canopy width, height, spread, leaf
area (cm?), primary branch count, yield, and fruit yield per
plant. Plants were evaluated for damage four weeks after the
initial symptoms appeared, specifically focusing on the most
vulnerable accessions that were significantly impacted. The
assessment was conducted using a relative scale ranging from
0 (indicating no damage) to 3 (representing serious damage,
characterised by prominently curled leaves, silvering, and
black spots).

Studies on the foliage features of chilli plants infested
with thrips

In our study, we separated foliage/leaves showing curled
symptoms caused by thrips from that caused by thrips/mites,
as the standard score provided in 1980 by Niles was typically
used to determine upward curling and downward curling,
respectively. For each treatment, five plants were chosen
at random and their thrips damage was assessed visually by
looking for signs of upward leaf curling. According to the
conventional approach, the rating was recorded every 30 days
with visual symptoms on the leaves using a 0—4 scale. At the
height of the population's activity following transplantation,
five separate observations were recorded. Grade 0: No leaf
curling symptoms; Grade 1: Mild curling on 1-25% leaves;
Grade 2: Moderately curling, puckering symptom on 26-
50% leaves with stunting of plant growth; Grade 3: Severe
curling, puckering symptom on 51-75% leaves with stunting
of plant growth; Grade 4: Severe curling, puckering symptom
on >75% leaves with sever stunting of plant growth, bushy
appearance.

Study of sap inoculation

A sap inoculation test was performed by obtaining the
leaves from a 15-day-old plant that exhibited fourth-grade
symptoms of foliage curling, including upward (abaxial)
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curling and a boat-shaped appearance. After rinsing the
collected leaves in distilled water, they were marinated in
the pestle and motor with a 100 to 200 ml of distilled water.
The fluid was filtered through muslin cloth and promptly
applied to the three uppermost, fully opened, healthy leaves
of chilli plants that were 45 days old. For abrasive purposes,
treated leaves were sprinkled with a small amount of
carborundum powder prior to sap inoculation. Following
the inoculation with sap, the plants were carefully covered
using polypropylene covers in order to prevent any potential
infestation by thrips. A total of 15 plants were inoculated,
while an additional 15 plants were kept as control (untreated).
Observations were made on the leaf curling appearance for
a period of 30 days on both the treated and untreated plants.

Detached Leaf Tests

The detached leaf tests were performed with the intact
leaves from each treatment were placed with their petioles
were put in a jar. Jars were closed using muslin cloth and
placed in a climate room at 24+2°C, 16 h light, 70% RH.
There were six replicates for each treatment. The extent of
NPs protection, damage and destruction by thrips feeding,
oviposition and secretion were rated together using a relative
scale from 0 (no damage) to 3 (severe damage) two days after
incubation.

The assessment of feeding damage infected by thrips

The observed feeding damage includes multiple signs on
the leaf disc, resulting from the feeding activities of thrips.
These signs include discolorations such as necrosis, dark
green areas indicating recent damage, and the characteristic
silver leaf damage. After finding thrips in the chilli crop,
weekly observations were taken of the leaves and fruits
until the crop was 60 days old. Each treatment had 10
healthy plants in sterile zones without pests as controls to
measure pest occurrence. Thrips populations were observed
in treatment pots. Each replication selects five plants from
separate treatment plots. Thrips (nymphs and adults) were
counted on each plant's top, middle, and bottom leaves
using a magnifying hand lens. Average thrips per leaf were
calculated in each treatment plot. Observations were taken
5, 10, and 15 days following each spray. Total acceptable
green chilli yield was calculated from each treatment NPs.
The percentage of thrips decrease was determined using a
formula. Significant difference values were used to compare
the substantial impact of the treatments on thrips mortality at
the 5% level of significance (p < 0.05). The mean percentage
decrease values from the several treatments were tabulated.

Percent reduction in thrips inhabitants = Average post
treatment thrips incidence/ Average pretreatment thrips
incidence % 100.

Effect of NPs on Yield

The number of fruits on both control and treatment plants
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was monitored. Once the fruits achieved their optimal level
of maturity, they were cleaned to eliminate any impurities
and were subsequently weighed. The fruits' yield mass was
recorded using a digital balance. The formula was employed
to calculate the percentage yield of fruits.

Yield increase (%) = ((Yield in Treated — Yield in
Control)/ Yield in Control) X 100.

Phytotoxicity assessment

Under greenhouse conditions, the phytotoxicity of
synthesized NPs at various concentrations to chilli plants
was assessed. The randomized block design was utilized
to replicate the interventions four times with three different
varieties of chilli seeds: Arka sweta, Arka meghana, and Arka
haritha.

Method of evaluation: Leaf damage, wilting, vein
clearing, necrosis, epinasty, and hyponasty were among the
symptoms of phytotoxicity that were noted 1, 3, 5, 7, 10,
14, 21, and 28-days following treatment. After being sown
for fifteen days in an insect-free area of the greenhouse, the
chilli seedlings received treatment. The percentage of leaves
exhibiting these phytotoxicity symptoms was reported, and
the Central Insecticide Board (C.I.B.) prescribed a scale
for grading the degree of phytotoxicity. Grade 0 with no
phytotoxicity symptoms; Grade 1 with 1-10% phytotoxicity
symptoms; Grade 2 with 11-20% phytotoxicity symptoms;
Grade 3 with 21-30% phytotoxicity symptoms; Grade 4
with 31-40% phytotoxicity symptoms; Grade 5 with 41-50%
phytotoxicity symptoms; Grade 6 with 51-60% phytotoxicity
symptoms; Grade 7 with 61-70% phytotoxicity symptoms;
Grade 8 with 71-80% phytotoxicity symptoms; Grade 9
with 81-90% phytotoxicity symptoms; Grade 10 with 91-
100% phytotoxicity symptoms. Percent toxicity = [total
grade points/ (maximum grade X average number of foliage
recorded)] x100.

Statistical analysis

For all experiments, experimental findings are reported as
the mean, and standard deviation of triplicate assays. For the
statistical test, Tukey's multiple range test (p < 0.05) was used
to compare treatment means.
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Results
Nanoparticles synthesis and its storage stability

In our preliminary study, we prepared silver nitrate
(AgNO3) and sodium thiosulfate (Na,S203) nanoparticles
(NPs) at concentrations of 1 mM and 0.1 mM, respectively.
These synthesised NPs were subjected to various
characterization techniques, including UV-visible spectrum,
zetapotential, Fourier-transform infrared spectroscopy
(FTIR), and transmission electron microscopy (TEM)
analysis [24]. The results revealed an absorption peak at 426
nm in the UV-visible spectrum, with a size range of 18-35
nm. We performed greenhouse studies to examine the impact
of synthesised NPs on chilli plants. Specifically examined on
the effects of different concentrations of Ag and ST NPs on
thrips infestation and the modulation of phyto-biochemical
constituents in chilli plants. In this study, we will focus on the
storage stability and the effects of synthesized nanoparticles on
thrips infestation (Fig. 3-Effect of synthesized nanoparticles
on chilli plants against thrips infestation). Specifically, we
will examine the physio-morphological changes in plants
caused by thrips infestation and observe the damage caused
by thrips feeding.

The storage stability is evaluated at ambient temperature,
refrigeration, and 100°C temperature. Visually and
spectrally, there are no discernible alterations in morphology
during the initial 60 days of refrigeration storage. Visibly,
we detected slight colour alterations during incubation at
room temperature; however, the spectrum peak remained
constant and did not exhibit any substantial changes. After
20 minutes in a water bath at 100°C, no significant changes
were observed visually, and the absorption spectrum also
revealed no notable changes (Fig.l-Schematic view of
silver). Based on the collective observation, it can be inferred
that the synthesized NPs exhibited stability throughout the
storage period at varying temperatures, with no substantial
alterations.

Relative scale chilli plant thrips assessment with
post-foliar nanoparticle treatment

The data collected after the initial application of all three
treatments consistently demonstrated that the use of NPs

!

Figure 1: Schematic view of silver (A) and silver thiosulfate (B) nanoparticles following a 60-day storage stability incubation period at (i)

room temperature (26 + 2°C), (ii) 4°C, and (iii) 100 °C
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was highly effective in decreasing the thrips population
compared to the untreated control. The STNPs (0.1mM) at
a concentration of 60 mgL-1 had the highest efficacy and
were considerably superior to the other treatments on the
3, 7% and 10" day following application. The mean of
three observations demonstrated that this treatment recorded
lowest surviving population i.e. 1.27 thrips/10 leaves.
The subsequent efficacious treatment was the application
of AgNPs at a concentration of 80 mgL-1, resulting in a
density of 2.7 thrips/10 leaves. This treatment was equally
as effective as the application of Na,SO, NPs at the same
concentration, which resulted in a density of 3.2 thrips/10
leaves. The subsequent treatments observed thrips population
ranging from 1.7 to 3.4 thrips/10 leaves, compared to 30 to
35 thrips/10 leaves in the untreated control. The data clearly
indicates that 3, 5, and 7 days after the initial spray treatment,
the Ag and ST NPs were the most efficient in reducing the
thrips population. On average, ST NPs showed a reduction
of 97%, while AgNPs showed an 94% of reduction. Figure
2 (Chilli plant thrips assessment with relative scale with
post-foliar nanoparticle treatment in all the three varieties)
illustrates a mean assessment of the relative scale of the
percent thrips in all three varieties of chilli.

M/

=520
540
$60
=S80
= 5100
=ST20

=ST40
= ST60
= ST80
=ST100

Figure 2: Chilli plant thrips assessment with relative scale with post-
foliar nanoparticle treatment in all the three varieties. S20 to S100
are different concentration of AgNPs from 20 to 100mg/L; ST20 to
ST100 are different concentration of STNPs from 20 to 100mg/L.

Chilli foliage traits, Sap inoculation studies and
Detached leaf tests

It was evident that none of the three studied varieties (Arka
Sweta, Arka Haritha, and Arka Meghana) met the criteria for
grades [ and II in terms of resistance to thrips when an initial
assessment was performed. Both varieties were classified
between grades IIl and IV, which correspond to characteristics
that are vulnerable to infestation by thrips. The assessed
characteristics of the three cultivars during thrips infestation
were, on average, classified as grade III, which denotes
susceptibility. After conducting a foliar spray treatment
of NPS, it was observed that the leaves exhibited varying
degrees of curling, depending on the concentration of NPs
applied. Upon careful examination of the samples treated with
silver and silver thiosulfate nanoparticles at concentrations
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below 20 mgL-1, we observed a noticeable change in quality.
Grade I symptoms were observed, characterized by a mild
curling of leaves, with the presence of thrips in the middle
and bottom lines. When encountering the concentrations of
40, 60, 80, and 100 mgL-1 of both NPs foliar spray treatment,
no noticeable leaf curling symptoms were observed during
the 60-day growth period of chilli plants. Therefore, the leaf
quality can be considered significant, as indicated by the rich
leaf colour gauge displaying a dark green appearance without
any necrotic lesions owing from the foliar spray application.
Additionally, the NPs perform as a protective barrier against
thrips infestation, preventing their attachment and subsequent
reproductive and infestation activities (Figure 3).

2 ! _‘ (i) {ii)
Figure 3: Effect of synthesized nanoparticles on chilli plants against
thrips infestation.

a -thrips infestation maintained under greenhouse conditions; b —
maintenance of chilli seedlings; ¢ — foliar spray treatment; d — Arka
haritha variety of chilli seedlings with (i) 20mg/L (ii) 40mg/L (iii)
60 mg/L silver nanoparticles treatment.

The plants inoculated with sap did not display any
symptoms of leaf curl for a duration of one month.
Nevertheless, it is worth noting that plants that were not
protected exhibited a significant occurrence of pronounced
leaves curling up, with a prevalence of 79% thrips incidence.
The results illustrated that the thrips-borne virus was not
responsible for the leaf curling observed in chilli plants,
which is in conformity with Patel and Gupta [25].

The detached leaf assay yields similar results to the leaf
curl index. None of the NPS treatments exhibited any necrotic
or wilting on the chilli leaf plants. Additionally, in treatments
containing 40, 60, and 80 mgL"' of NPs, no significant
damage was observed, and thrips feeding and oviposition
were observed with relative scale from O (no damage).
Whereas in untreated control, complete foliage necrotic,
thrips oviposition and dryness were observed after two days
of incubation with relative scale of 3 (severe damage) in all
the three chilli verities. Foliar treatment yielded the most
effective control of thrips grazing on all NP treatments (Fig.4-
Green house studies on the characteristics attributes of chilli
foliage, detached leaf, yield and phytotoxicity) with post-
foliar nanoparticle treatment).
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Figure 4: Greenhouse studies on the characteristics attributes of
chilli foliage, detached leaf, yield and phytotoxicity) with post-foliar
nanoparticle treatment

Evaluation of thrips-infected feeding damage, fruit
yield and phytotoxicity assessment

Following the initial application of NPs, no significant
changes were observed until the fifth day of post-treatment.
Subsequently, a noticeable decrease in the population of
thrips was frequently observed, indicating a dependency
on the NPs treatment. A similar trend of reduced thrips
incidence was observed on both the tenth and fifteenth day
of visual observation under greenhouse conditions across
all treatments. At concentrations of 40, 60, and 80 mgL' of
Na,S,O, NPs treatment study demonstrated notable effects
on plant growth parameters and a significant reduction in
thrips. The most substantial reduction, at 87.7% and 93.6%,
was observed in the 40 and 60 mgL-1 ST NPs treatments,
respectively. Following closely behind was the 60 mglL-1
NPs treatment, which exhibited a 79% reduction compared
to the control on the 15th day of post treatment. There is a
notable occurrence of thrips incidents in NPs treatment plants
after the 22-25th day of post NPs treatment. There is a minor
observation of thrips in the plants, which was effectively
mitigated and diminished in the subsequent growth period.

A A AR
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Concentration ofnanopafﬂc]es [m{y‘L]

Volume 8 ¢ Issue 2 | 23

Further, no discernible incidents of thrips were observed in
the treated plants at the 60th day of the growth period. All the
plants subjected to NPs treatment exhibited a significant All
the plants subjected to NPs treatment exhibited a significant
impact on plant height growth, plant canopy, leaf color, and
plant vigor. Additionally, there was an evident improvement
in fruit yield compared to the control group.

When compared to the untreated control, the fruit yield
was significantly affected by the application of Ag and
Na2S04 nanoparticles. Furthermore, compared to control
plants, those treated with Ag and ST NPs nanoparticles
yielded larger fruits. Fruit yield varies from 60 to 90 number
of pods depends of the concentration of NPs and variety of
chilli plants. and Percent increase of yields in AS, AH, and
AM on an average of significantly improved by 28%, 20%,
and 16% over control (Fig. 5-Effect of foliar spray on yield of
chilli plants treated with various nanoparticle concentrations).

]

o
|

N

AgNPs, 40ppy

Ag 5.0, NPs, 60ppm

IR

Figure 6: Comparative view of chilli leaves and fruits after treatment
(Arka haritha).
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Figure 5: Effect of foliar spray on yield of chilli plants treated with various nanoparticle concentrations. Bar graph indicated the number of
fruits per plant; line graph indicates the percent yield increase over control. Values + SD (standard deviation) (n=5) means five independent
replicates. (AS- Arka Sweta, AH- Arka Harita, AM- Arka Meghana). According to Tukey’s Multiple Range Test (p < 0.05).
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Upon NPs application, it has been noted that no notable
grade of phytotoxicity was observed in any of the five distinct
concentrations of NPs that were administered to the chilli
plants (Fig. 6- Comparative view of chilli leaves and fruits
after treatment). These concentrations varied from 20 to 100
mgL!. The prevalence of this result was observed across all
three varieties of chilli.

Discussion

The present study aimed to assess the efficacy of silver
nanoparticles (AgNPs) and silver thiosulfate nanoparticles
(STNPs) derived from Rhizopus elicitor in mitigating thrips
infestationinchilliplantsusinga foliarenrichmentmethod. The
current progress in integrating nanoparticles shows promising
potential in offering effective bio-shielded protection against
thrips through the reduction of thrips adherence, prevention
of oviposition, and inhibition of multiplication, all without
causing any harmful phytotoxic effects on plants, even at low
concentrations. The use of the cellular part of microorganisms
is consistently regarded as more beneficial in the production
of NPs, as opposed to employing the entire microorganism.
The utilization of living microorganisms hinders the ability
to control the size of NPs due to the significant influence the
development stage and period of incubation on the size and
characteristics of NPs [26].

In our experimental observations, a notable disparity
was observed between the Ag and STNPs in terms of their
distinct capacity to inhibit the sporulation of thrips on chilli
leaves, as well as their reproductive activity. According to
Nandini et al. [27], the phenomenon of SeNPs being observed
to be effective against the downy mildew pathogen in pearl
millet may be attributed to the changing characteristics of the
protein. Studies conducted by Pal et al. [28] on the shape-
dependent activity of silver nanoparticles (AgNPs) with
E. coli found that truncated triangular AgNPs significantly
suppressed the growth of bacteria in comparison to spherical
and rod-shaped AgNPs. Ajitha et al. [29] demonstrated that
the antimicrobial activity of AgNPs is dependent on the
particle size of the particles. They made the observation
that a reduction in the size of the AgNPs led to an increase
in the antibacterial activity against E. coli, Pseudomonas
spp., Aspergillus niger, and Penicillium spp. The findings
indicate that there exists an inverse relationship between
the size of NPs and their effectiveness in combating thrips
biopesticide activity. Nanometals show promise as a non-
chemical pesticide alternative for plant disease management.
The study conducted by Ocsoy et al. [30] found that DNA-
directed AgNPs produced on graphine oxide (Go) effectively
suppressed Xanthomonas perforans bacterial spot in
tomatoes, whereas Lamsal et al. [31] found that a foliar spray
applied at a concentration of 100 ppm effectively inhibited
powdery mildew in cucurbits.
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Enhanced plant development could potentially serve as
a rationale for the observed augmentation in growth, plant
vitality, fruit production, and secondary metabolite synthesis
in Capsicum annuum plants treated with Ag and ST-based NPs
in the contemporary work. The study conducted by Buchman
et al. [32] revealed a noteworthy augmentation in the Silicon
(Si) concentration of watermelon seeds subsequent to the
application of 500 mg/L of mesoporous SiNPs. Numerous
research examining the way NPs induce defense genes and/or
enzymes in agricultural plants have been published. Pungent
metabolites serve a range of physiological purposes in
addition to protecting against pathogens, such as facilitating
the growth of pathogen seeds and attracting frugivorous
(fruit-eating) predators [33]. Kang et al. [34] found that
SiNPs of different dissolving rates increased leaf Si content
in healthy and Fusarium-infected Citrullus lanatus plants
over a 4-week growth period. In greenhouse circumstances,
mesoporous SiNPs induce dose-dependent hormetic effects
in chilli plants [35]. In summary, the act of stimulating plant
defence mechanisms represents an ecologically advantageous
approach to managing pest populations. Nevertheless, it is
worth noting that insects/pests have developed counteractive
mechanisms in response to the adaptive abilities of plants,
as a result of their prolonged interactions with plant defence
mechanisms [36]. Zhang et al. [37] established a benchmark
for subsequent investigations concerning the integration of
induced plant insect resistance and RNA interference as a
means to diminish the anti-adaptive capacity of insects and
enhance the efficacy of pest control.

Conclusion

In summary, the proliferation of resistance to chemical
pesticides has been attributed to the overapplication of
such substances, which has also substantially exacerbated
environmental contamination. Numerous endeavors have
been undertaken to identify substitute materials capable of
eliciting favorable outcomes in substitute of chemical-based
pesticides. Our results provide further support for the claim
that NPs derived from Ag and ST are more efficacious in
facilitating the growth and development of seedlings, while
additionally possessing pesticidal properties. This research
demonstrated that NPs were produced by microorganisms
using a biological method, in which Rhizopus extract is used
as a stabilizing and reducing agent during NP biosynthesis.
Analyses of comparative data on plant growth and yield,
sap inoculation, and phytotoxicity assessment in greenhouse
environments indicate that proactive shielding of plants
against thrips infestation with significant improved seed
quality parameters. Implementing NPs can, in general,
increase crop yield, improve the efficacy with an act as a
pesticide, and stimulate plant growth.
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